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Preface
An accurate, detailed reference work on the anatomy of domestic fowl and
laboratory birds has long been needed. Descriptive anatomy has always been
recognized as an indispensable foundation for subsequent studies on function,
both normal and abnormal.
A project on basic anatomical studies began in 1944 at the Regional Poultry
Research Laboratory in East Lansing, Mich. At that time, the need was keenly
felt for more information on normal anatomy so that pathologists working on
leukosis in poultry could more accurately analyze their findings. This need led to
the pubhcation, ^^Atlas of Avian Hematology.^' When this study was completed,
there still existed need for studies on avian anatomy, both gross and microscopic.
Under the administration and with the encouragement of Berley Winton, former
director of the Laboratory, studies were begun in this field.
For convenience of study, we have divided the text into the following organ
systems: integumentary, skeletal, muscular, vascular, nervous, respiratory,
digestive, excretory, male and female reproductive, and endocrine. This volume
is devoted to the integument. Studies of the integument were based on domestic
fowl—chicken, turkey, and duck, and on two other birds that are used
in laboratories—Common Coturnix and Common Pigeon. Emphasis has been put
on the chicken. It is still true, as Parker said about 80 years ago (1891:213), that
'The Common Fowl will always be a convenient and useful bird to the biologist,
whatever part of the organization is the subject of research; and in this special
field—Morphology—he who knows the Fowl well is ready-prepared to interpret
the structure of all kinds of birds.^^
During the 19th century and early in the 20th century when anatomical foundations were being laid for the fields of human and veterinary medicine and for
studies on the phylogeny of vertebrates, only a relatively small group of scientists
was contributing to the anatomy of birds. Ornithologists interested in anatomy
were concerned mainly with taxonomic problems, and even today there has not
yet been pubHshed a complete description of any species of bird, either wild or
domestic. Consequently, fulfillment of this project is not a dupHcation of the work
of the past. It is a new research study dependent on the literature of the past for
ideas, guidance, and terminology but aimed toward new objectives.
In any project of this magnitude and cost, the question is always asked, who
will use this type of information? Detailed anatomical data is needed by many
disciplines, largely within the fields of poultry, medical, and zoological sciences.
More specifically, this information is needed in such fields as marketing, breeding,
nutrition, endocrinology, physiology, pharmacology, parasitology, pathology,
laboratory diagnoses of disease, research and production in pharmaceutical
houses, experimental medicine, surgery, analysis of behavior, general zoology,
comparative anatomy, wildlife research, ornithology, and paleontology. Of
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course, use of the information will vary in each of these fields. Finally, this material is being prepared with another important group in mind—teachers. It is
not anticipated that these reference volumes will be used as texts in the classroom, but it is hoped that those who write books for students in zoology, veterinary medicine, wildlife, and ornithology will find helpful material in the text and
illustrations.
In spite of the broad scope of the project and its magnitude, limits must be
estabhshed. We shall not try to solve the problems of speciaUsts in other fields of
science. For example, in our study on the normal anatomy and histology of the
sternal bursa, no attempt will be made to determine how fluids are accumulated
within the cavity. It is not possible to undertake electron microscope studies of
the tissues, but we certainly encourage others to do so. Nor are we attempting to
solve the speciahzed problems of ornithologists, physiologists, or pathologists.
Descriptive anatomy, well done, does not become obsolete. Therefore, if our
observations and descriptions are accurate, what we do here should be just as
useful at the end of the century as it is now. By the same token we must be
cognizant of most of the hterature on avian anatomy, including much on the
reptiles, for at least the past 150 years. This hterature, most of it on wild birds,
provides guidance and terminology for these studies. Because of lack of uniformity, the terminology requires an inordinate amount of study. We hope that
our careful evaluation of old terminology and thoughtful consideration of new
names, where they are necessary, will provide at least some advancement toward
an acceptable nomenclature for avian anatomy.
Those who use this volume will note such omissions as the gross anatomy of
skeletal muscles, ligaments, nerves, blood vessels, and lymphatics to the skin.
These subjects cannot be dealt with adequately in a volume on the integumentary
system because most of them exist as terminal units of systems arising deep in the
body. We shall, however, report on these subjects at a later time.
The ideas and information presented in this book have come from our own
investigations as well as from the scientific literature. We have frequently attempted to verify or clarify the findings of others by examining similar anatomical
material ourselves. All this has called for the preparation of enormous numbers
of tissue sections, specially treated pieces of skin, feathers, and other specimens.
Many times it was necessary to develop new techniques or to adopt ones that had
been developed for use on mammahan tissues. The task of preparing our specimens was performed mainly by Effie M. Denington, a member of the project
staff for many years. Many of our observations were made possible by the care
and effort she gave to this work. Her written account of techniques and devices
that were specially developed for preparing or illustrating our specimens is the
basis for chapter 10.
ALFEED M. LUCAS
PETER R. STETTENHEIM
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CHAPTER 1

Topographic Anatomy
INTRODUCTION
Topographic anatomy deals with the description of parts
and regions of the body. The term is appHed more frequently
to surface anatomy than to the descriptions of internal organ
morphology, yet it can apply to both.
Terms for external parts and regions of the avian body
are often apphed by ornithologists to birds with plumage
intact. As a result, often the names chosen are more descriptive of groups of feathers than of regions of the naked
body. Both poultrymen and ornithologists have chosen
terms for birds with plumage intact that fitted the particular
species they were studying, and they have used either a few
terms or as many as needed. In the ''American Standard of
Perfection'' (1953)^ are presented the feathered areas of a
male and a female chicken. Comparable areas have been
named for the turkey (JuU, 1930; Marsden and Martin,1949) ;
for a falcon (Evans, 1899) ; for several kinds of birds (Tunnicliffe, 1945); for a duck (Kortright, 1942; Delacour, 1951);
for a duck and a goose (Jull, 1930) ; for a pigeon (Levi, 1957) ;
and for passerines, i.e., perching birds (Mivart, 1892; Marshall, 1895; Coues, 1903; Reichenow, 1913; Chapman, 1920;
Witherby, et al., 1940; Delacour and Mayr, 1946; Peterson,
1947; Roberts, 1949; Rough, 1957; J0rgensen, 1958; and
many others). The subject of feathered areas for domestic
fowl is discussed in detail in chapter 3.
Homologous areas of feather coats sometimes have been
given different names by different groups of scientists.
Poultrymen, for example, speak of ''saddle,'' ''sweep of
back,'' and "fluff," but these terms are not in general usage
by ornithologists. The terms "cape" and "hackle" are
appUcable chiefly to galHnaceous birds and are used by both
ornithologists and poultrymen.
Sometimes the boundary of an area on a feathered bird
does not correspond to the boundary of an area having the
same name on a deplumed bird. A good example is the junction of breast and abdomen. In a feathered bird the breast
includes the area in front of the legs forward to the neck,
and the abdomen is the area extending from between the
legs to the vent. In a plucked bird, however, the breast is
the ventral surface of the thorax and includes the full length
1 References to Literature Cited (p. 673) are indicated by the name
of the author (authors) or title of the publication followed by the year
of publication.

of the sternum, even where part of it lies between the legs and
even where part of it supports some of the abdominal
viscera. Nitzsch (1867: 27) faced this problem and stated:
"I give the name of the breast to the whole region of
the body that lies over the sternum." In order to sharpen
terminology it seems desirable to describe structures and
regions of the plucked body separately from plumage (ptilosis). Many terms used to identify structures or regions will
be the same as those used in ptilology although, as already
indicated, their boundaries may differ somewhat. Confusion
will be avoided, however, if the word "region" is used to
designate a specific surface area on the plucked bird, and
"tract" or "pteryla" is used to designate an area on the skin
where a group of feathers is implanted.
Another example of the ambiguous usage of a name is the
word "shank." For ornithologists it means the lower leg or
crus, but for poultrymen it means the metatarsal portion of
the foot. It is used here to designate the lower leg, not the
ankle region. We do not wish to burden the Hterature with
additional anatomical terms; rather, we wish to bring
together whenever possible a unified terminology for poultrymen, ornithologists, and veterinary anatomists. Much of our
basic information on the anatomy of birds comes from pubHcations by ornithologists, many of whom have studied extensively various aspects of anatomy with meticulous care.
The same kinds of questions confront us on selecting terminology for studies on gross anatomy and histology as they
did for studies in the "Atlas of Avian Hematology" Lucas and
Jamroz (1961). Should one choose an inappropriate term for
birds merely because it is in common usage for man or some
mammal? The following policy was developed during the
progress of the work on blood : If a term is equally appropriate
for bird and mammal the mammaUan term will be utilized,
but if a mammalian term is not applicable to the condition
found in birds or if a particular term has become firmly estabhshed in avian Hterature, the avian term will be utihzed in
many instances even if it differs from the equivalent term
used in mammahan literature. This poHcy is not always easy
to foflow because human and mammahan terminologies are
so widely used and firmly estabhshed that frequently decisions must be made on an arbitrary basis. Some of the
difficulties that can be encountered in avian hematology were
discussed by Lucas (1959).
1

CHAPTER 1—TOPOGRAPHIC ANATOMY
Our policy governing the choice of terminology, in general,
agrees with that prepared in Paris by the International
Anatomical Nomenclature Committee and approved at the
sixth International Congress of Anatomists in meetings of
the Paris Nomina Anatómica (PNA). The principles that
guided the committee in their decisions on nomenclature
were as follows (1956 : vi) :
(a) That, with a very hmited number of exceptions, each
structure shall be designated by one term only.
(b) That every term in the official list shall be in Latin, each
country to be at liberty to translate the official Latin terms into
its own vernacular for teaching purposes.
(c) That each term shall be, so far as possible, short and simple.
(d) That the terms shall be primarily memory signs, but shall
preferably have some informative or descriptive value.
(e) That structures closely related topographically shall, as
far as possible, have similar names—e.g.. Arteria femoralis, Vena
femoralis, Nervus femoralis, etc.
(f) That differentiating adjectives shall be, in general, arranged
as opposites—e.g., major and minor, superficialis and profundus,
etc.
(g) That eponyms shall not be used in the Official Nomenclature
of Gross or Macroscopic Anatomy.
The terms used in the Nomina Anatómica were consulted

frequently during the course of this work in order to utiHze
wherever possible the same term for birds as for man. For
example, the suggestion made in the PNA that Arteria
anonyma be changed to Truncus brachiocephalicus is now as
applicable to birds as to mammals, and the change from
Arteria mammaria interna to Arteria thoracica interna gives
scientists a name they can use in avian anatomy.
The problem of exact etymology always enters into the use
of scientific words. We have followed a poHcy laid down by
the PNA, namely, that a term inaccurate only from an
etymological aspect would not be changed if the term were
well estabhshed and acceptable in common usage. There
are, however, problems in avian terminology that are no
longer problems in human anatomical terminolgy because
repeated congresses have been held to eliminate synomyms
and at the same time provide a terminology that is internationally acceptable. Efforts are now being made by the
World Association of Veterinary Anatomists to select terminology suitable for avian species. In this volume, the English
translation of Latin terms generally has been used in both
text and figures. Usually the first time a term is used, the
English name will be followed in parenthesis by the Latin
equivalent. These names have been assembled in Appendix B
where they have been organized into groups by subject.
Appendix A contains a list of common and scientific names
for birds mentioned in this volume.
In the early phases of our research on the avian integument,
we decided upon the kinds of birds tha.t should be studied.
The domestic chicken, turkey, and duck were selected because they are economically important 130 the poultry industry. The Common Pigeon and Common Coturnix were also
included because they are often used in research and teaching.
Among the breeds and varieties of domestic fowl, we conducted most of our studies on the Single Comb White Leg-

horn Chicken, dark variety of Bronze Turkey, and White
Pekin Duck. Our Common Coturnices were laboratory
descendants of Coturnix coturnix japónica. The Common
Pigeons we used were collected locally from city buildings
and country barns. A pigeon of the Archangel breed was
used for certain studies. (See Levi, 1957 and 1965, for
description of breeds of the Common Pigeon.)
We will try to treat adequately each of the five species
listed, but where two or more species are closely similar,
only one of them will be described fully. In some chapters
where the subject matter is detailed and complex, too much
space would be needed to repeat the description for all
five species, but in this first chapter on topographic anatomy, each of the five species will be described rather fully.
Wherever possible we will designate the breed and variety
on which a particular study is being made.
It is undoubtedly apparent that we have omitted the
designations of the chicken as Gallus gallus, of the turkey as
Meleagris gallopavo, of the duck as Anas platyrhynckos, and
of the pigeon as Columba livia. This omission is intentional
because species names of the presumed ancestors of domestic
descendants do not adequately identify the birds the authors
studied.
The confusion that would develop if poultrymen and those
who use the fowl for their researches were to identify all
chicken breeds by the name "Gallus gallus'' can be demonstrated by a few examples : Gallus gallus has a single comb,
it also has a rose comb; Gallus gallus has red earlobes, white
earlobes, and nearly black earlobes; an adult male Gallus
gallus weighs about 13 pounds, and an adult male Gallus
gallus weighs less than 2 pounds. Gallus gallus has a sex
dimorphism in the feather coat at maturity; in the same
species, the feather coat is alike in adult males and females.
Obviously identification of the material we have used, by
its generic and specific names leads to contradictions when
describing various specimens. Something more exact and
definite is needed. This is available in the descriptions accompanying the breed and variety names given to the
different kinds of domestic fowl by the "American Standard
of Perfection.'' When applied, the contradictions disappear,
and the reader and author are on common ground with the
same kind of chicken, turkey, duck, or pigeon in mind as the
the description of its anatomy proceeds.
The "American Standard of Perfection" (1953) lists 65
breeds and 188 varieties of chickens, including the bantams;
a single breed of turkey subdivided into seven varieties; there
are 12 breeds and 14 varieties of ducks, and nine breeds of
geese, of which one is divided into two varieties.
A critique on the ancestry of the chicken is beyond the
scope of this publication, but enough of the literature on
the subject should be mentioned to indicate that there have
been different opinions. Beebe (1926: 19) stated that all
domestic chickens came from the Red Jungle Fowl, Gallus
gallus. It is probably correct to add that this is the generally
accepted behef today among ornithologists.
Danfort h (1958) suggested that Gallus sonneratii may
have contributed to the ancestral gene pool; among others,
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Hutt (1949) discussed (p. 10) the possibility of a polyphyletic
origin for chickens^ which he summarized (p. 13) as follows:
The correct zoological name of the domestic fowl must, for the
present at least, depend somewhat upon the particular faith of the
writer who uses it. There is no provision in the International Code
of Zoological Nomenclature whereby mere domestication of a
wild species justifies changing its name. Those who beheve that
all domestic fowls are descended from the Red Jungle Fowl should
therefore stick to Gallus gallus. On the other hand, if several distinct wild species produce by hybridization a new animal sufficiently different from any of them to justify its being considered
a separate species, a new name is in order. The use of the familiar
term Gallus domesticus is therefore probably permissible, but only
to those who believe in a polyphyletic origin of domestic fowls.

Davenport (1914: 313) suggested,
It is, indeed, pretty certain that two distinct species have contributed to the formation of our well known races:—one is the
Jungle Fowl, which is still found wild, and the other is the unknown ancestor of the Aseel or Malay Fowl, probably the oldest
fowl in domestication, for it has been bred for over 3,000 years.
It is still possible that the ancestor of this bird or its bones may
be found in the interior of New Guinea, Borneo, or the Philippines.

Davenport cited many basic differences between the Jungle
Fowl and the Aseel. Grzimek (1932) suggested that some
domestic chickens may have come from Gallus varins, the
Java Jungle Fowl, and Tegetmeier (1873: 308) recorded
that hybrids had been produced between this species and the
domestic fowl. It was Jull's (1952: 6) opinion that modern
breeds of chickens arose from all four wild species of Gallus,
As Hutt (1949) indicated, one suddenly passes from
scientific testing to accepting by faith the assumptions made
by those who preceded us. As long as the descriptions written
to identify a wild species fail to be inclusive enough so that
domestic breeds presumably derived from them can be identified as belonging to that species by the description given,
there is no reason to accept the idea that all breeds of a
group of domestic birds have genetic relationship to the presumed ancestral type. Again one comes to the conclusion that
the use of taxonomic names for wild species should be avoided
when identifying domestic birds. The only substitute one
has at present is to use the breed and variety names of domestic chickens, turkeys, and ducks.
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Terms of Orientation
The planes of the body, lines of direction, and points of
rehitive position follow the terminology for quadruped
animals. Thus, the back, or top side, of a bird is dorsal
{dorsalis), the underside is ventral {veniralis), and the
lateral sides are right {dexter) and left {sinister). The end
toward the head of a bird is anterior {anterior), cranial
{cranialis), or rostral {rostralis); that toward the tail is
posterior {posterior), caudal {caudalis), or terminal {terminalis).
The body has three fundamental planes—sagittal {sagittalis), frontal {frontalis), and transverse {transversus) (fig.
1,A). A sagittal plane passes through the body dorsoventrally, either through or parallel to the anteroposterior
axis. The midsagittal plane, or median plane {médius)
divides the body into right and left halves. The term ''parasagittaP' is used for the planes to the right and left of the
median plane. The single term ^'sagittal'' can be used for the
midplane and for any plane parallel to the midplane. The
frontal planes pass through the body at right angles to the
sagittal planes and divide the body into dorsal and ventral
parts. The transverse plane is at right angles to the other two
planes and thus cuts across the body dorsoventrally.
Medial {medialis) and medially signify, respectively, the
placement or movement of one object in relation to a more
laterally placed object. This relationship or movement is
always within a frontal plane as shown in figure 1, B, which
is at right angles to the midsagittal plane. In the diagram
the circles lie medial to the crosses and the crosses, lateral
to the circles. Movements along the connecting lines toward
the midsagittal plane are referred to as medially or mediad;
and movement in the opposite direction as laterally or
laterad. These terms also apply to vessels and nerves where
no actual movement is involved; the terms indicate the

direction in which these vessels and nerves course through
the body.
Mesial (central) and mesially (centrally) are often confused in usage with medial and medially. Medial refers to
position in relation to the sagittal plane (fig. 1, 5), whereas
mesial refers to position in relation to the anteroposterior axis
(fig. 1, C). A line joining a mesial structure and its peripheral
point of reference Hes along a radius emanating from the
anteroposterior axis (APA in fig. 1, B, C). Mesially (or
mesiad) indicates a centripetal direction of movement along
this radius. The antonyms to these are peripherally and
peripheral. Only in one location are medial and mesial identical. This is shown in figure 1, C, by the letter M.
Numerous terms, in addition to those involving orientation of the body as a whole, can be applied for purposes of
comparison. Some examples are external {externus) and
internal {internus); superficial {superficialis) and deep {profundus); superior {superior) and inferior {inferior); apical
{apicalis) and basal (basalis); distal {distalis) and proximal
{proximalis); ascending {ascendens) and descending {descendens); afferent {afferens) and efferent {efferens); central {ceñir alis) and peripheral {periphericus) ; major {major) and minor
{minor) ; long (longus) and short {brevis) ; and strong {robustus)
and weak {infirmus). Occasionally three levels of comparison
are designated by the use of the terms '^intermediate'^
{intermedius) combined with the terms ^^peripheral'' and
''central", "medial" and "lateral," "distal" and "proximal,"
and so on.
The ideal, of course, is the use of comparative terms for
opposites, such as major and minor; or if there is an intermediate, then major, median, and minor. This is often impossible because during the course of evolution one member
of a pair of structures may have been lost. In order to identify
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the homologous structure with that in other species, it seems
better to retain the comparative term even when its counterpart does not exist or when one of the pair of names has been
changed. It is for this reason that a chicken has an m. tibialis
anterior but no m. tibialis posterior, according to the terminology of Hudson et al. (1959).^ Of course, many homologies
are yet unidentified, and one is then forced to select terms
based on their descriptive qualities or their placement in
relation to other structures.
Because structure is the basis for function, some terms
that indicate movement have been applied to anatomy.
Those frequently used are: adductor (adductor), a muscle
that draws toward the axis of the body or toward the axis
of an appendage; abductor (abductor), a muscle that moves
away from the axis of the body or the axis of an appendage ;
extensor (extensor), a muscle that extends an appendage, a
part of an appendage, or one part of the body in relation to
another; flexor (flexor), a muscle that draws parts together
toward the body or toward an adjacent part; levator (levator)
or erector (erector), a muscle that raises or elevates a part;
depressor (depressor), a muscle that lowers a part; pronator

2 See also the table of synonyms for muscles of the limb given by
Fisher (1946: 694-696) and by Ede (1964).

Abbreviations: APA, anteroposterior axis; M, a line so oriented that
the small circle is both mesial and medial to the cross. (See p. 3 for
further explanation.)

(pronator), a muscle that tends to rotate the wing bones
forward and ventrally (when the wing is extended) ; and a
supinator (supinator), a muscle that tends to rotate wing
bones backward and dorsally (when the wing is extended).
Examples of muscles that indicate function are: m. flexor
hallucis longus; m. extensor hallu£Ís longus; m. abductor pollicis;
m. adductor pollicis; m. pronator sublimis; and m. supinator
brevis. Many muscles, however, are named to indicate their
connections, position, or relation to structures such as: m.
coracobrachialis, m. entepicondylo-ulnaris, m. iliotibialis, m.
ischiofemoralis, m. serratus superflcialis, and m. interosseus
dorsalis.
By their movement, appendages often shift their orientation to planes of the body, and the position on which the
terms of orientation are based must, therefore, be decided
arbitrarily. In birds the wings are a case in point. At rest,
along the side of the body, the two surfaces of each wing
are oriented laterally and medially and may be referred to
as outer and inner surfaces; extended as in flight, these become dorsal and ventral. Both sets of terms are used in the
literature. If reference is being made only to the wing, dorsal
and ventral seem preferable, but if the anatomy of the wing
is being compared with that of the forehmb of other tetrapods, it would be awkward to use any other terms except
lateral and medial. The terms used on a specific occasion
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should be appropriate for the subject and context of the
discussion. We have considered the wing extended laterally
as in flight to be the anatomical position for a bird. Terms
of direction have been chosen for digit II when the digit is
fully abducted, as shown in figure 26 and not when adducted
as shown in figure 25. Therefore, digit II has an anterior tip,
a posterior base, dorsal and ventral surfaces, and proximal
and distal margins. A somewhat similar example that causes
confusion are the surfaces of the toes which, if placed in the
same axis as the leg, become anterior (upper surface) and
posterior (under surface). However, because the axes of the
toes are almost always at an angle to the axis of the leg, the
upper and under surfaces then become dorsal and ventral and
equivalent terms are ''dorsum" and ''sole.'' Plantar (plantaris)
surface is another equivalent of sole or ventral surface. If
either sole or plantar surface is used, it should be applied
also, theoretically, to the posterior surface of the metatarsus
or instep, but usually anterior and posterior, are used in
descriptions of this upright portion of the foot.

Terms for Parts, Regions,
and Palpable Structures
The study of topographic anatomy has developed terminologies depending on the application or purpose of their use.
Three groups or classes of terms will be discussed in this
chapter: (1) Parts of the avian body {partes corpori avis);
(2) regions (regiones), surfaces (fades), margins (margines),
and lines (lineae) of the body; and (3) underlying palpable
structures.
The parts and the regions of the body may be equivalent,
but they are not synonymous. The parts of the body are the
anatomical units of which the organism is composed, and
they include internal as well as external structures. Regions
are units of the body surface that are bounded by arbitrary
lines. An example will indicate the differences in meaning
among these concepts: The knee is a part of the body^a
structural unit—composed of knee cap, knee joint, bones,
muscles, vessels, and nerves immediately adjacent to the
joint. The region of the knee is an area on the surface of the
leg circumscribed by imaginary lines. Because there are really
no limiting anatomical reference points, it is apparent that

one person's estimate of upper and lower boundaries for the
region of the knee may differ from another's. The knee joint is
the place where the bones of upper and lower legs form a
moveable junction, and this is more restricted in meaning than
the term ^^knee" referring to a part of the body.
The distinction between region and part is often neglected
in writing and speaking. It is correct but awkward to say,
for example, forehead region, crown region, and face region
instead of forehead, crown, and face. The latter terms
actually connote parts of the head rather than regions. Also
it becomes a matter of choice whether one should say nasal
region or region of the nose; the former has precedence in
human anatomy and is the more literal translation of the
Latin, regio nasalis.
Surfaces of the whole body or of a part of the body are the
areas into which the outside of a three-dimensional object
can be subdivided. Oftentimes the boundaries of surfaces
are the same as those for regions and are equally arbitrary.
The principal surfaces are dorsal, lateral, and ventral.
Sometimes anterior and posterior surfaces are used if the
body or part of the body is so shaped.
Many bones or parts of bones can be palpated through
the skin. The skeletal system, together with its joints, is
useful in establishing points of reference for regions, surface
areas, and other landmarks. It is generally useful in the
placement of incisions in the skin for operations and in
locating various nerves, arteries, and veins as well as finding
particular skeletal muscles.
Another class of landmarks is that of the skeletal muscles
and tendons themselves. Some are so clearly defined and so
well separated from adjacent muscles and tendons that they
produce distinct elevations of the skin. In the same way as
the bones, they serve as topographic reference points, not
only for themselves but also for hidden structures that are
not apparent when viewing the surface of the body. The
muscles and tendons most distinctly seen are those beneath
the wing, especially if the carcass is lean and the skin is thin.
In small passerine birds the skin is often very thin; it is
nearly transparent in the freshly plucked specimen so that
it is possible to see exact boundaries for many body and leg
muscles.
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The major divisions of the body along the anteroposterior
axis are the head (caput), neck (collum), trunk (truncus)
(composed of thorax, thorax, and abdomen, abdomen), and
tail (cauda). Appendages arising from the trunk are a pair of
anterior members (membra anteria), the wings (alae), and a
pair of posterior members (membra posteria), the limbs. The
head, including the hyoid, and the external pharyngeal
regions are discussed for the five species under consideration
before other parts of the body are discussed.
The head, especially the beak, is greatly diversified among
various groups of birds. Boundaries for regions are more
variable in this part of the body than in any other part.

Some of these differences of shape are illustrated in figure 2.
A few notes regarding the birds illustrated are given in the
following paragraphs.
Albatrosses (fig. 2, A) and fulmars (fig. 2, B) spend their
lives at sea except during breeding and as fledglings. A
characteristic of these birds, order Procellariiformes, is
that the nostrils open in tubes. In albatrosses, these tubes
are separate, but in fulmars they are united in a partly
divided tube on the crest of the beak. Another characteristic
of this order is that the bones of the beak are covered by
several discontinuous horny plates separated by suture
lines. Coues (1903: 1021) provided seven names for the
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various plates and gave the location of each. A third characteristic of the order Procellariiformes is the hooked upper
bill. It is an effective means of catching and holding such
slippery live food as fish, and it is also useful in tearing apart
the carcasses of larger animals.
The flamingos (suborder Phoenicopteri) including the
American Flamingo (Phoenicopterus ruber, fig. 2, C) have a
beak sharply bent downward at the middle of its length.
When the bird is feeding, the head is partially inverted so
that the distal half of the upper beak can rest against the
bottom. Jenkin (1957) examined in detail the feeding mechanisms of the three genera within the suborder. In Phoenicopterus the upper bill is relatively thin and broad, which
Jenkin classified as the low-keeled type. The lower jaw of
each side forms a deep, wide groove in which the tongue,
by sliding forward and backward, produces a pumping action.
At the edges where the upper and lower beaks are in close
proximity, both have lamellae that serve as filters. Food may
consist of small worms and crustácea and mud from the
bottom.
Flamingos in the other genera {Phoeniconaias and Phoenicoparrus) have narrow but thick dorsal beaks, triangular
in shape, that fit into V-shaped grooves of the lower beaks.
The rodlike tongue moves in a small tubular groove. The
diet is composed of microscopic organisms. The lamellae
are close together and often are frayed to increase the
effectiveness of filtering. Large lamellae at the edges of the
gape have a horizontal orientation and serve to exclude
large bodies from entering the mouth.
The White Pekin Duck (fig. 2, D) feeds on formulated
foods placed in troughs, but its ancestral progenitor, the
Mallard, utihzes its highly speciahzed mouth and beak to
strain from muddy waters small animals and plants, small
seeds, leaves, insect larvae, worms, small molluscs, and
small vertebrates. Objects as large as acorns may be ingested, and these are effectively triturated by the grit of
the gizzard. Swans (fig. 2, E) have a similar food-gathering
mechanism. Ducks, geese, and swans have a thickened
epidermis that forms a nail at the end of the upper beak;
ducks have a nail also on the tip of the lower beak. The nail
and the hooked type of beak aid in holding small slippery
objects.
Several kinds of birds have developed an elongated beak.
Among these are avocets (fig. 2, F), curlews, woodcocks,
snipes, sandpipers, ibises, herons, cranes, limpkins, hummingbirds, wood-hoopoes, jaçamars, and certain wood hewers
(e.g., Campylorhamphus trockilirostns), Elongated beaks are
used for catching insects or for probing into water, wet sand,
flowers, and rotted wood. In the young avocets the beak is
straight or curved downward; in the adult it curves upward.
The bird moves its head from side to side while passing mud
and water between its partly opened jaws. Its food includes
aquatic insects, molluscs, small fish, and frogs. Sometimes
lizards are included in the diet.
Puffins have a compressed, very deep beak (fig. 2, G)^
which is unlike that of auks and murres who are other members of the same family. The outer layer of the beak has a

horny covering that is divided into nine plates; Hke the
feathers, this covering is molted every fall. During the period
while the plates are shed, the beak is smaller than it generally
is, and it resembles the less modified beaks of other alcids.
These and other seasonal changes on the head have been
described by Bureau (1877, 1879).
Bills of many different shapes occur among the passerines.
The strongly hooked bill of a shrike (fig. 2, H) makes the bird
an effective predator of insects, spiders, hzards, small mammals, and other birds. The notch behind the tip makes the
bill more effective for grasping prey. An even more strongly
hooked beak is seen in the Gray Butcherbird (Cradicus torquatus), which has food habits similar to the shrike although
belonging to a different family (Austin and Singer, 1961).
The House Sparrow (Passer domesticus) (fig. 2, /) has a
straight, pointed, conical beak that is typical of many grain
and seedeaters. The drawing of the plucked head shows some
of the regions and structures of the head that are discussed
at greater length in the domestic birds.

Chicken and Turkey
The head is the most anterior part of the body and includes the openings of the nose, mouth, eyes, and ears. It
carries special sense organs—offactory, ocular, auditory,
and gustatory. The osseous structures consist of cranium,
sclerotic rings, and supporting structures for the nose, mouth,
and tongue. The head includes the brain, many muscles,
nerves, blood vessels, glands, and a tongue. In some birds
the skin of the head has produced such special appendages
as the comb and wattles of chickens (figs. 4 and 28) and the
frontal appendage and dewlap of turkeys (figs. 5 and 31).
The head of a bird has approximately the shape of a foursided pyramid, the base of which is the posterior surface
where the head joins the neck. The four triangular surfaces
are dorsal, ventral, right, and left sides. All of these triangles
have their apexes at the tip of the beak. Among the heads
illustrated in figure 2, this feature is shown best in the plucked
sparrow. The pyramid is not symmetrical because the dorsal
surface is bulged outward by the enclosed brain, and the
ventral surface is concave because of the curvature of the
lower jaws and beak. The head of the chicken fits this typical
pattern when the comb and wattles are removed; the pattern can be more readily seen in the nearly naked head of
the turkey.
Accounts of the topographic anatomy of birds generally
have been very brief and are based on a fully feathered
specimen (i.e., Coues, 1903; Reichenow, 1906). The first
attempt to define the regions of a defeathered bird was apparently that of Komarek (1958). We did not know of this
work until after our own, similar investigation was finished.
Our investigation was patterned after that followed in
human anatomy except that we used dashed lines to indicate
boundaries in parts of the nose and ear that are located
below the surface of the head. Sometimes w^e found that one
named part of the body was superimposed upon an area
assigned a region name for another part. An outstanding

REGIONS OF THE HEAD
example of this can be seen in the Great Horned Owl {Bubo
virginianus) where the external ear lies within the orbital
region (fig. 21, p. 30).

7

The lines on the external surface of the head, such as
shown in figures 3 to 5, 13, 18, and 21, may seem to be placed
in an arbitrary way, but a great deal of study went into their

-4««^^

Nasal opening

Nasal opening

<A
.^ #'
;i>^
..•*

B

\
Giant Petrel, Macronectes giganteus

Yellow-nosed Albatross, Diomedea chlororhynchos
Nostril, perforate

Upper nail

Dorsal

Lower nail

Ventral

American Flamingo, Phoenkopterus ruber

Crown

Forehead

Domestic Duck, White Pckin

^ Upper nail
Nostril,
perforate

American Avocet, Recurvirostra americana
Trumpeter Swan, Cygnus buccinator

Forehead
Nostril, impcrforate
Culmen
Maxillary tomiu

Rictus

Mandihular tomium
Gonys
Interramal region
Submalar region

Interramal region

Common Puffin,
Fratercula árctica

FIGURE

Shrike,
Lanius spp.

House Sparrow, plucked
Passer domesticus

2.—Examples showing the diversity of bill shapes of various birds. Abbreviation: spp., species.
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placement. Because these lines were located in relation to the
underlying skeleton, we have included illustrations of the
head that show the regional boundaries superimposed on the
skeleton. Labeled drawings of the skull also are provided
to aid in locating bones mentioned in the text. The osteology
of the skull will not be discussed in this volume.
We used many radiographs of heads to establish the relationships of internal structures and external parts. This
was particularly true for the parts of the ears and that portion of the nose leading to the internal choana. These passageways were sometimes filled with radiopaque material,
and boundary lines were painted on the surface with radiopaque material before radiographs were made. Some of
these techniques are described briefly in chapter 10. In spite
of an extended study, we found it necessary to place certain
boundary lines rather arbitrarily.
Because the shape of the head varies considerably among
birds, regional boundaries that are fixed for one species may
need to be modified for another species. To illustrate some of
the extreme conditions, we included the head of the Great
Horned Owl (Bubo virginianus) in the discussion. The
principles that we followed for establishing regional boundaries should become evident from the illustrations of this
species and those of the domestic birds that were our chief

,

Frontonasal hinge
Nasal arch

concern. The reader should be able to follow easily these
illustrations to define boundaries on other kinds of birds.
Drawings of the heads of an adult and an immature
Single Comb White Leghorn Chicken are shown at the beginning of the series on regions of the head, but no drawings
of the skull and jaws are included because these bones are
closely similar to those of the turkey. The external features
of the head of the chicken and turkey seem superficially
different, but actually the regions for the two are closely alike.

Cranium
Forehead region.—The top of the head can be divided into
forehead (frons) and crown (corona) (figs. 3 to 5). The forehead has a shape approaching that of a rectangle. It is
slightly wider at the caudal end than it is at the nasal end.
The long dimension parallels the axis of the head. The
anterior boundary is located at the junction of the frontal
and nasal bones (figs. 6 and 7). The ends of these bones rest
on the underlying column of the mesethmoid bone, where
dorsally it expands into a flattened plate. Here are the
frontonasal hinge (ginglymus nasofrontalis) and the apex of
the frontonasal angle (angulus nasofrontalis). The hinge
pin is a transverse line around which the nasal arch may
move slightly in respect to the forehead. The position of

Forehead

- Orbital reg.

Stationary part 1
Mobile part
'
Mobile part
Stationary part

^■¿
^'^
lower lid

Crown
- Suborbital reg.
Nasal reg.
External nasal opening
Culmen

- Postorbital reg.
External ear opening
External and middle ear reg.
Superior nuchal line
Internal ear reg.

Gonys
Intcrramal reg.
Rictus
Maxillary and mandibular
malar regs,
Eariobc
Wattle

Base of head
Hyoid reg.

Anterior dorsal
neck reg.
Lateral neck reg.

Anterior ventral neck reg.

3.—Regions of the left side of the deplumed head of a male Single Comb White Leghorn Chicken. Dashed lines show
the continuation of the nasal region beneath the orbital and suborbital regions, the boundary of the internal parts of the
ear, superior nuchal line, and the division of malar region into maxillary and mandibular parts. The several boundaries
crossing the earlobe are shown in solid lines. Abbreviation: reg(s)., region(s).

FIGURE
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Forehead
Orbital reg.
Crown
Postorbital reg.
External ear opening

Nasal rcg.
Culmen
Operculum

Base of head
Maxillary rictus •
Mandibular rictus

Wattle
Maxillary and mandibular regs.—
Suborbital reg.
'
Hyoid reg.

4.—Regions of the left side of a deplumed head of a 28-day old chicken. The attachments for comb and wattle are
shown for initial areas of growth. The relatively large orbital region almost obliterates the suborbital region. The open
mouth reveals the two parts of the rictus. Abbreviation: reg(s)., region(s).

FIGURE

the two leaves of the hinge determine the frontonasal angle.
In the Single Comb White Leghorn Chicken, the hinge line,
or the beginning of the forehead, is covered by the anterior
end of the comb {crista). The hinge line in a 74-day-old male
was opposite the second point of the comb. Therefore, this
point of the comb serves to locate, in a general way, the
underlying hinge. But points on combs are variable and
should not be reUed upon exclusively. The magnitude of the
frontonasal angle for a particular bird depends on the position of the beak at rest, whether elevated or depressed.'
In the turkey it lies beneath the frontal process {processus
frontalis), usually toward the more caudal part of the base
of this organ.^ The caudal end of the upper beak is not a
reliable identifying point for the beginning of the forehead.
In the turkey the beak ends short of this region, and in the
puiBn (fig. 2, G) the beak would appear to overlap the forehead to a slight extent.
In the recently hatched Single Comb White Leghorn
Chicken, potential comb tissue is implanted on the head as
far forward as the operculum {operculum nasi). The actual
' Elevation of the beak upward has been described for many birds;
it is readily observed in the duck. However, on the recently killed
specimens of turkey and chicken, the beak could not be elevated beyond the position occurring in death, but it could be considerably depressed. We are of the opinion that death did not produce an elevation
of the beak but that it is usually elevated except when pulled downward
by the beak musculature.
* The frontonasal angle is formed by the plane of the nasal arch
meeting the plane of the forehead. In the chicken and turkey (figs. 3
to 6) it is apparent that this angle is almost 180°. The frontonasal angle
is considerably less in the Long-eared Owl {Asio otus), is still less in the
Great Horned Owl (Bubo virginianus) (figs. 22 and 24), and equally
as small in the Yellow-nosed Albatross (Diomedea chlororhynchos)
(fig. 2, A).

elevated comb extends caudally to a point approximately
above the middle of the eyehd slit {rima palpebrarum), but
the area of skin devoid of feather surrounding the base of
the comb, called the comb plate, continues to the boundary
between forehead and crown. As the bird grows older, more
of this caudal tissue is utilized in the formation of the comb ;
even by 74 days of age the comb has extended to the crown
and caudally to the lid sht.
The anterior end of the brain has been chosen as the
dividing line between forehead and crown, a reference point
on the bird that is not apparent externally. Numerous skulls
and wet specimens were examined to locate an external
structure that had some constancy of position in respect to
the anterior end of the brain, and the caudal half of the lid
slit was found to be in fairly reliable agreement. The common
boundary for forehead and crown in the chicken and turkey
(figs. 3 and 5) falls within the caudal third of the fid slit.
Each lateral boundary of the forehead is in part an arbitrary line that begins at the frontonasal hinge (figs. 3 to
6), crosses the body of the prefrontal bone, and extends
caudally along the orbital margin of the frontal bone to the
transverse caudal boundary. A portion of the lateral boundary
associated with the orbital margin of the frontal bone can be
readily palpated, but the anterior portion cuts across the
surfaces of bones and is somewhat less exactly placed.
The four parts of the comb in the Single Comb White
Leghorn Chicken are illustrated in figures 4, 27, 28, and
322, A. The portion attached to the periosteal tissues of
the skull constitutes the base {basis cristae), and it may overhang the nostril opening {apertura externa nasi) and extend
caudally to the crown region {regis coronalis). The base is
broad, and immediately above it is the body {corpus cristae) in
which the comb is not so thick. From the dorsal margin of
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Upper lid

Frontal process (snood)

Frontonasal hinge

Lower lid

Nasal reg.
Nasal arch

Postorbital reg.

Membranous keratin
Superior nuchal line

External nasal opening

External ear opening

Beak tubercle

Internal ear reg.

Operculum

External and middle ear reg.
Base of head
Anterior dorsal neck reg..
Hyoid reg.
Lateral neck reg.

Interramai reg.
ewlap

Anterior ventral neck reg
Suborbital reg.

ictus '— Submalar reg.
Maxillary and mandibular malar regs.
'

FiGUEE 5.—Regions on right side of the head of the Bronze Turkey. See figure 3 for significance of dashed lines. Abbreviations:
proc, process; reg(s)., region(s).
the body, a number of points {cúspides cristae) that are variable
in size project upward, the smallest lying at the anterior and
posterior ends of the row. Immediately behind the body,
caudal to a line extending from the posterior end of the
base to the posterior point, is a backward extended portion
called the blade (lamina cristae). Combs of other breeds
differ from this basic pattern for the single comb. They are
classed as buttercup {crista ranuncularis), V-shaped {arista
v-formalis), pea {crista pisalis), rose {crista rosed), strawberry {crista fragaria), and cushion {crista pulvinaris) combs.
Each of these combs is described in chapter 9 (p. 531).
Hybridization may produce the walnut comb and other
types of combs. Some of these combs are relatively small
and are limited to the forehead region; the strawberry comb
scarcely covers the forehead region. The V-shaped comb of
the Malay Bantam also covers only part of the forehead.
In addition to the comb, there may be a feathered crest
{crista) as in the Houdan, the Sultan, the crested Polish
breeds, and other breeds. In some crested breeds the cranial
bones and the underlying brain protrude into the crest
(Gaskoin, 1856).
The casque of the cassowaries is a bony growth from the
top of the skull, involving chiefly crown and forehead. The
forehead of the male Andean Condor {Vidtur gryphus)
carries a semirigid structure that is similar to a comb but
is without points. The shields of coots, gallinules, and the

American Jaçana {Jácana spinosà) cover most of the forehead. The large bill of the toucans extends caudally to the
edge of the eye and covers the anterior part of the forehead.
Many birds have developed specialized modifications of
their plumage in the region of the forehead or the crown.
Examples are the curled pompadourlike crest of the Great
Curassow {Crax ruhra); the radiating crest of strawlike
bristles on the Crowned Crane {Baleárica pavonind) ; the
tall, compressed crest of the Blue Crowned Pigeon {Goura
cristata) ; the long, overhanging crest of the Ornate Umbrellabird {Cephalopterus ornatus) ; the low, broad crest of the
Plumed Helmet Shrike {Prionops plumatd) ; and the conical
crest of the Cardinal {Cardinalis cardinális).
The frontal process (leader, snood, or frontal appendage
of the turkey) is a fleshy, flexible, extensible, narrow cylindrical process, that protrudes outward from the skin covering
the nasal arch (fig. 5). It appears to be uniform from base
to tip except for gradation in diameter, and hence is not
subdivided into named parts. Unlike the comb, the snood
contains numerous smooth muscles and large tortuous
arteries and veins, each of which carries an external layer of
longitudinal muscles. It lacks, however, the fibromucoid
layer that is characteristic of the comb of adult male and
laying female chickens. The structures of these organs are
described in detail in chapter 9 (p. 564).
Crown region.—The crown, or vertex of the head is usually

11

REGIONS OF THE HEAD
represented by the most elevated portion of the cranium.
Beneath the upward bulge lie the cerebral hemispheres and
some of the more posterior parts of the brain. Shufeldt
(1909:175) has described this part of the head as " ... a
pair of domelike eminences posterior to the orbits and formed
by the frontal lobe."
The transverse anterior boundary of the crown is also
the posterior boundary of the forehead, as noted on page
9. The posterior boundary of the crown is the dorsal
and lateral margins of the base of the head. The location
of this boundary can be described best by referring to the
osseous structures in this region (figs. 6 and 7). The vertical
plane of the base of the skull, composed largely of the exoccipital and supraoccipital bones, meets the planes in the
region of the crown produced by the parietal and squamosal
bones almost at right angles. In the turkey this junction is
relatively sharp and can be readily palpated, but it is more
rounded in the chicken. The dorsal muscles of the neck
are attached to the base of the skull, and in older birds part
of this attachment is marked by a definite ridge, the superior
nuchal line. In both chickens and turkeys, the line extends
laterally and ventrally to merge into the bony structure that
produces the paroccipital process. This process is the ridge
formed by the caudal margin of the osseous external ear
canal and is readily palpable in the live bird. The paroccipital
process does not have the same form in all birds. It may be
close to or far from the postarticular process of the lower

Crown

jaw, and it may be long or short (compare figs. 7, 15, 17,
20, 22, and 24). In parrots it is particularly long.
The placement of the right and left lateral boundaries
for the crown is arbitrary, because no skeletal or external
anatomical features are there to serve as reference points.
We have drawn a line for the lateral boundary along each
side of the head as a continuation of the lateral boundary
of the forehead. This fine extends backward above the eye,
arches over the ear opening, and then turns ventrally to
terminate at the paroccipital process. On the point of this
process, it joins the caudal boundary of the crown. The
lateral boundaries of the forehead and of the crown form
one line that separates the dorsal surface of the head from
the lateral surfaces of the face.
Although we are concerned primarily with domestic
birds, we examined a few wild birds to indicate the hmits
of applicability of our descriptions to birds in general. The
placement of the highest point within the crown varies
widely among birds. In the domestic chicken and turkey
it is far forward, immediately behind the forehead. In the
Ruffed Grouse (Bonasa umbellus) and in many passerines,
for example, the Blue Jay {Cyanocitta cristata), it is shghtly
more posterior. The highest point of the head even lies outside the crown in a few birds such as the American Woodcock
(Philohela minor), where the lateral margins of the portion
of the frontal bone forming the forehead are elevated above
the crown.

Orbital reg.
Forehead

Postorbital reg.

Frontonasal hinge
Nasal reg.

External ear opening

j

Nasal arch

Internal ear reg. External nasal opening

Superior nuchal line Base of head —

Beak tubercle
Suborbital reg
Middle ear reg

Maxillary malar reg.
Rictus
Mandibular malar reg.

Base of skull

Maxillary malar reg.
Angle of jaws
Mandibular malar reg.

Oral part of tongue
Frenulum of tongue

— Pharyngeal part of tongue
l- Hyoid reg.

— Labial papilla

• Anterior ventral neck reg.

6.—Boundary lines for regions of the external surface of the turkey head as superimposed on its skeleton. The purpose
is to indicate the function of underlying palpable structures in establishing region boundaries. See figure 3 for significance
of dashed lines. Abbreviation: reg., region.

FIGURE
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The shape of the skull is related to the flexion of brain
stem and the contours of the major division of the brain.
A statistical study of the relationship of the shape of skull
to the shape of the brain was made by Tuhier and Dullemeijer
(1957). They concluded from an examination of nine representative species that the relatively large brain in the Carrion Crow (Corvus corone) was accommodated within the
cranial cavity by a caudal extension of the telencephalon and
a relative shortening of the cerebellum. They did not observe an encroachment of the telencephalon over the cerebellum. In the Mallard {Anas platyrhynchos), a bird that
also possesses a large telencephalon, there was, in addition,
a strong curvature of the myelencephalon. This may provide
extra space for the cerebellum.
Cobb (1960) selected examples of birds that demonstrated
this point. Edinger (1941) observed that, "... the brain
in birds, formed an arc around the back of the orbit." He
showed that the angle between the bottom of the brain and
the axis of the bill was 15° for the Double-crested Cormorant
(Phalacrocorax auritus), 34° for the Herring Gull {Larus
argentatus), 47° for the Short-eared Owl (Asio flammeus), and
117° for the American Woodcock {Philohela minor). Extreme differences in brain-bill angle are shown by Portmann
and Stingelin (1961:2, fig. 2). Brain placement influences
shape and thereby influences placement of boundary lines
for regions of the dorsal and caudal parts of the head.
Reg. of frontal b._f «"P«"" l«ble
I. inferior table
Foramen for optic n. —,
Postorbital proc. —|
Anterior proc. of squamosal b, —
Otic proc. of quadrate b
Reg. of squamosal b
yC
Reg. of parietal b

Another important factor that affects the shape of the
cranium is the size and placement of the eyes. The influence
of this factor on the shape of the head may be readily
observed in a profile study of skulls of such birds as domestic
chicken, owls, and woodcock.
Base of head.—The base of the head is that area occupied
by the occipital bones, a supracoccipital above, a pair of
exoccipitals laterally and lateroventrally, and a basioccipital ventral to the foramen magnum between the wings
of the exoccipitals. The base of the skull is an approximately
vertical plate to which are attached numerous muscles extending along the vertebrae of the neck. Being thus covered,
the base of the head can be seen only in part in the deplumed
bird. The horseshoe-shaped dorsal and lateral margins can
be identified by the superior nuchal lines and by the other
landmarks previously discussed as identifying the caudal
end of the crown. Ventrally the paroccipital processes are
joined by a faintly visible groove that was produced by
junction of base and floor of the skull, as shown in figure
8 by the dotted line. This groove lies too deep to be palpated
in the deplumed bird.
Face
The face (fades) is composed of two parts—front and
sides. The front carries the bill (rostrum) and nose (nasus);
the sides carry the eyes (oculi) and lateral parts of the mouth.

Body of palatine b.
- Interorbital septum (mesethmoid)
I— Sclerotic ring
|— Pars planum of mesethmoid b.
i— Voraer b.
I— Column of mesethmoid b.
Prefrontal b.
I
Orbital proc of prefrontal b.
Frontonasal hinge
Frontal proc. of nasal b.
Body of nasal b.
Premaxillary proc. of nasal b.
Frontal proc. of premaxilla
¡¡.•'v
Osseous rim of nose
Maxilla
Maxillary proc. of nasal b.
Maxillary proc. of premaxilla

Superior nuchal line
Reg. of supraoccipital b.
Orbital proc. of quadrate b.
Reg. of exoccipital b.
External and middle ear fossa
Paroccipital proc.

Premaxilla

Body of quadrate b.
Postarticular proc.

Zygomatic proc of maxilla
Jugal b.

Pterygoid b.

Reg. of dentary b.

Base of skull
Reg. of angular b.

Mandibular foramen

Epibranchial b.
Angle of jaw
Jugal bar

Lower jaw
Ceratobranchial b
Quadratojugal b. -

^ Urohyal b.

■— Basihyal b.

- Reg. of surangular b.

FiGUEE 7.—Right lateral view of skull and jaws of a Bronze Turkey. The skeleton of the tongue and hyoid are shown in
relation to the lower jaw and base of the skull. Abbreviations: b., bone; proc, process; reg., region.
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— yuadratO)ugal b. •>

Jugal b. > Jug
Osseous auditory tube

ic proc. of maxilla mJ

Paroccip
Boundary between base
of head and floor of skull
of premaxilla
Reg. of basioccipital b
Occipital condylc
Foramen magnum
Reg. of basiparasphenoid b.
Premaxilla
Reg. of cxoccipital b

ne proc. of premaxilla
roc. of premaxilla

Osseous external ear can
Alaparasphen
Maxillary proc. of palatine b.

Mandibular face of quadrate b
Postorbital proc.

Pars planum of mesethmoid b.
Inferior table of frontal b.

Pterygoid b. —
Orbital proc. of quadrate b.—
Foramen for olfactory n

FIGURE

— Orbital margin of frontal b.
— Rostroparasphenoid b.

8.—Ventral view of skull of Bronze Turkey. Abbreviations: b., bone; n., nerve; proc, process; reg., region.

It is impractical to draw a boundary line between these two
parts, chiefly because the large gape of the mouth lies not
only at the front of the face but extends caudally beneath
the eyes; the jaws of the mouth continue along the sides of
the face to the ear region ijegio amis). Therefore, to define
the boundaries of the structures within the face is more
important than to try to define boundaries for front and side.
Orbital region.—Each orbital fossa contains optic globe,
muscles, glands, and fat pads. The globe {buUms oculi) is
large, and its periphery is nearly equivalent to the outer
limits of the orbital fossa; the muscles, glands, and fat lie
largely medial to the globe. The periphery of the fossa is
the osseous boundary of the orbital region, but this is not
palpable throughout its entire circumference; therefore, the
periphery of the globe serves instead. As one might expect,
the shape of the orbital region approximates a circle, but not
all parts have the same curvature (figs. 3 to 5).
The dorsal portion of the fossa is formed by the inferior
table of the frontal bone (fig. 7) ; anteriorly the margin of
the fossa swings forward beneath the platelike body of the
prefrontal bone where it meets the longitudinal ridge of the
mesethmoid, then it follows this ridge ventrally and curves
caudally along the palatine bone ; more exactly, it follows the
articulation between the interorbital septum (mesethmoid
bone) and the body of the palatine. Caudally the fossa
crosses the tip of the pterygoid bone and the tip of the orbital process of the quadrate bone, and then passes dorsally
just caudal to the optic foramen until it meets again the
inferior table of the frontal bone. The orbital process and
the orbitosphenoid (alisphenoid) bone slightly overhang
the extreme posterior limits of the orbital fossa.

The circular boundary for the orbital region is based
on the periphery of the globe rather than on the extreme
limits of the orbital fossa estabhshed by the skeleton. The
periphery of the globe of the eye can be palpated through
the skin of the face. It is indicated by the line on the surface
of the face in figures 3 to 5, which shows that the dorsal part
of the region shares a portion of the lateral boundary of the
crown and, in particular, the forehead. The anterior margin
lies considerably caudal to the orbital process of the prefrontal bone; ventrally the anterior margin swings downward in a long arc that continues as the ventral margin
somewhat above the malar region. From this point a smooth
curved boundary extends upward to rejoin the lateral boundary of the crown. The caudal margin of the orbital region
can be located by palpating the postorbital process of the
orbitosphenoid (ahsphenoid) bone. This process may be
joined by the anterior process of the squamosal bone (fig. 7).
The lateral face of the eyeball and the margin of the pupil
are supported by the sclerotic ring, consisting of overlapping
plates encircling the eye. The ventral margin of the circle
formed by the plates can usually be palpated, but because
the plates are supported by dense connective tissues, it is
difficult to feel the peripheral edge in the chicken and turkey.
Two eyelids cover the globe; when closed their free margins form the Ud slit. When the eyes are open, the margins
of the lids parallel the periphery of the iris and have the form
approaching that of a circle; only a slight angle persists at
the corners. The lids fold under the adjacent more rigid
skin; when the hds are closed the Hd slit is usually straight
or forms a slight crescent with the concavity downward.
The dorsal, ventral, and lateral Hmits of the hds can be
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determined best by placing a blunt probe beneath them and
The anterior and posterior boundaries are entirely arpressing against the reflected margins of the conjunctival
bitrary in that they have no relationship to the underlying
cavity. In the chicken and turkey, these limits extend nearly
bones and spaces. They have been drawn parallel to each
to the peripheral margin of the globe. This is the basis
other and as tangents to the orbital region. These tangential
for denning the upper and lower lids as loose folds of skin
lines project ventrally in such a way that they intersect at
covering the globe and for the statement that the lids ocabout right angles the superior margin of the maxillary
cupy a large portion of the space enclosed within the ormalar region.
bital region.
The osseous structures that underHe each suborbital region
The upper lid contains two parts—a mobile part (palpebra
are the body of the palatine and part of its maxillary process
superior pars mobilis)thsit can be folded under the inner table
(figs. 6 and 7) ; the anterior tip of pterygoid and quadrate
of the frontal bone and a stationary part (palpebra superior
bones; and the soft tissues belonging to the roof of the mouth
pars immobilis) adjacent to the edge of the frontal bone.
and the lower, caudal Hmits of the nasal cavity (fossa nasalis).
The lower Hd is also composed of two parts—one mobile
In figures 3 to 5 the dashed lines mark where the caudal
(palpebra inferior pars mobilis)mià one stationary (palpebra
boundary of the nasal region (regio nasalis) crosses the subinferior pars immobilis)] the former is recognized as the
orbital region. Figures 6 and 7 show some of the bones that
typically flexible skin that can be folded downward beneath
underlie the suborbital region.
the stationary part. The mobile part is thin and has several
Postorbital region.—The postorbital region (regio postorrows of small feathers near its free edge, but much of its
bitalis) lies between the combined orbital and suborbital
surface is bare. The stationary part is similar in appearance
regions and the base of the skull. The shape of the postorbital
to adjacent parts of the face and also bears reduced contour
region in different species varies from a short half-crescent to
feathers. The upper mobile lid participates only sHghtly in
a long half-cresent. If the axis of the brain has a large angle
the closure of the eye; most of the closure comes from the
in respect to the axis of the bill—as in the chicken, turkey,
lower mobile Hd. The lid slit crosses the eye above the pupil.
and duck—then the postorbital region has the form of a
The glabrous free edges of both lids are crossed transbroad, short, half-crescent (figs. 3 to 5 and 13); but if the
versely by shallow grooves. Between these the delicate tissues
angle between the two axes is less, then the postorbital
form a row of soft, low tumid elevations, which become
region is a narrower, more elongated half-crescent, as in the
prominent in older birds. At the outer edge of this fleshy
Great Horned Owl (fig. 21).
margin is a row of eyelashes or cilia, which are small bristle
The postorbital region has three boundaries: (1) the outer
feathers, usually visible only with the aid of a lens.
curvature of the crescent, (2) the inner curvature of the
The third eyelid or nictitating membrane (membrana
crescent, and (3) the transection of the crescent or base.
nictitans) lies within the conjunctival cavity. When retracted
The first is a region boundary already described and defined,
it is a crescent-shaped body concentrated in the anterior
namely, the lateral boundary of the crown; the second
corner of the eye. The superior and inferior limbs lie along
boundary has been described also and is in part the dorthe corresponding margins of the conjunctival cavity nearly
socaudal boundary for the orbital region and in part the
to the posterior corner of the eye. When the nictitating memcaudal boundary of the suborbital region. The third bounbrane closes in the chicken, the upper part advances more
dary is the base, or ventral, boundary and is largely a
than the lower part so that the leading edge crosses the eye
straight line but not entirely so. Its caudal end arises at the
at about a 45''angle.
paroccipital process, namely, from the junction point of
Suborbital region.~-T\xQ dorsal boundary of the suborbital
boundaries for base of head and lateral edge of the crown.
region (regio suborbitalis) is the lower curve of the orbital
From here a line extends to the end of the postarticular (retroregion, and the ventral boundary is the dorsal margin of
articular) process of the malar region, and from this point
the maxillary malar region (regio malaris maxillaris) (figs. 3 to
forward it shares a common boundary with the malar region
5), The latter boundary is a straight line. The height of
as far as the suborbital region.
the suborbital region differs among species of birds. In the
Auricular region,—The external ear opening is within
chicken and turkey, this region is intermediate between
the postorbital region in most birds—an exception is the
the extremes that may be observed. In the domestic duck
Great Horned Owl. The opening is flush with the surface;
the suborbital region is large (fig. 13); in the Great Horned
a sound-collecting organ, or auricle, of mammals is absent.
Owl it is small, and the orbital region is so extensive that
Three parts of the ear—external auditory canal, middle ear,
it touches the jugal bar (fig. 21). Sometimes in the same
and internal ear—are common to both birds and mammals.
species the orbital region may be larger at hatching or soon
All of these structures, except the external ear opening, are
after than it is in the adult. As a consequence in the 28-daybeneath the surface, and in figures 3 and 5 the boundaries
old chicken (fig. 4), the suborbital region is reduced to two
of these structures are represented by dashed lines. The
small triangles separated by the orbital region, whereas in
middle ear lies beneath the postorbital region; the internal
the adult (fig. 3) the suborbital region is one continuous area.
ear is beneath both this region and the crown. The placement
The suborbital region of the adult Common Coturnix is
of these parts differs among various species of birds as may
greatly reduced and resembles in this respect that of the
be noted by comparing figures 3, 5, 13, 18, and 21.
young chicken.
The opening of the external ear is circular in the chicken
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(figs. 3 and 4); it is often a ñattened oval in the turkey
(fig. 5). The external ear canal extends from the dorsally
placed ear opening, downward as well as inward, to the
middle ear (figs. 3, 5, and 6). The boundaries of the semicircular canals as seen from a lateral view were determined
from X-ray photographs of the frontally sectioned heads
(fig. 9) and hemisected heads (fig. 24).
The earlobe {lobus auricularis) of the adult chicken (figs.
3 and 28) is a fleshy, pendent thickening of skin located
almost directly ventral to the external ear opening and overlies the caudal end of the jaw. It is devoid of feathers. In
the young chicken it has the shape of a half moon horizontally
placed. The earlobe nearly covers the bony portion of the
underlying middle meatus. It might have a protective function because it is composed of dense coUagenic connective
tissues; if so, then it is difficult to understand why an earlobe
is found in so few species, unless perhaps the combat techniques of chickens differ from those of other birds. Infighting,
the chicken often aims a metatarsal spur toward the side of
of the head.
The earlobe in leghorns is white, sometimes chalky, and
sometimes iridescent. The white color of earlobes is not
typical for chickens in general. In 55 of the 65 varieties
listed in the "American Standard of Perfection" (1953), the
earlobe is bright red; in only three breeds do white earlobes
occur. In some varieties of Modern Game, in the Black
Sumatra, and in the Silkie, earlobes are purple, approaching

15

black. An extreme development of the earlobes occurs in
the White-faced Black Spanish Chicken. In this breed, the
skin of the face, ocular, and auricular areas are united into a
white, naked, fieshy, biblike fold that extends down the neck
to below the tips of the wattles (fig. 10).
Nasal region.—The nose, like the eye and ear, is a more
extensive organ than it appears to be externally. The external nasal openings, or external nares, are located on each
side of the beak at the basal end. The opening on each side
is a curved, slit-shaped space that is overhung by a cartilaginous scale or operculum {operculum nasi). In the chicken
the operculum forms a curved shelf above the nasal opening
(figs. 4 and 11), but in the turkey it lies in a flat plane parallel
to the side of the beak (fig. 5). The osseous rim of the nose is
far more extensive than the nares and is the oval-shaped
margin formed by the processes of the premaxillary and
nasal bones (fig. 7).
The statement is frequently made that the external nasal
opening is located in the beak. This is true in the White
Pekin Duck (fig. 13) but not in the chicken, turkey, and
most other birds. The horny substance of the beak is membranous around the nasal opening. The soft tissues pass above
and below the nasal opening. Caudal to the opening, the
membranous tissue merges with the skin of the face. Therefore, instead of considering the nostril as a perforation of
the beak, one can consider that extensions of the beak have
grown backward, above, and below the skin of the face

- Reg. of semicircular canals
- Dorsal oropharyngeal boundary
• Osseous auditory tube
Jugal bar
Ventral oropharyngeal boundary

— External auditory canal
— Postauricular proc.
of lower mandible

Paraglossal b.
Paraglossobasihyal joint
Medial proc. of maxilla
^— Basihyal b.
'-Maxillary proc. of palatine b.
Urohyal b.
■ Ceratobranchial b.

Epibranchial b.

9.—Positive radiograph of lower half of a Bronze Turkey head, showing hyoid, jaws, and base of skull on which reference lines have been placed for the boundaries between oral and pharyngeal cavities. Dashed line is dorsal oropharyngeal
boundary; dotted line, ventral oropharyngeal boundary. Abbreviations: b., bone; proc, process; Reg., Region.
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Auricular feather;

Ear lobi

.Wattle

10.—Head of male White-faced Black Spanish
Chicken, showing confluence of white skin of face, rictus,
and earlobes. The extended earlobes form a bib in front of
the neck and beneath the wattles. (See also Davenport,
1909, pi. 3, color.) (Redrawn by Casimir Jamroz from
"American Standard of Perfection," 1938-40, p. 228.)

FIGURE

that carries the nostril. In some birds this backward extension of the beak has grown so far that the nostril is entirelysurrounded. The relation of hard beak to the nostril and soft
keratin of the operculum is shown in the Great Horned Owl
(fig. 21).
Passage through the external nares leads into a large nasal
cavity. The lateral wall of this cavity carries two conchae
(turbinâtes); the medial wall, or internarial septum, carries
a cartilaginous ridge projecting laterally into the respiratory
meatus (fig. 362, p. 581). The full extent of the nasal cavity
can be comprehended best by making a hemisection of the
head slightly to one side of the midline; in this place the
maximum size of the cavity can be determined. The nasal
cavity is enclosed by a cartilaginous capsule that lies supported by a few skeletal trusses of the beak. Part of this
capsule may ossify as in the Chinese Goose (fig. 17, ossified
septum), whereas in the pigeon, the ossification is minimal
(fig. 20).
The most rostral tip of the nasal cavity Ues between the
external nares (in the chicken and turkey) and the extreme
anterior angle of the osseous nasal fossa. The dorsal edge of
the nasal capsule is supported by the nasal arch (arcus
nasalis), composed of the overlapping nasal processes of
the premaxillae and the premaxillary processes of the nasal
bones (fig. 7). The capsule continues caudally past the
frontonasal hinge to the middle of the mesethmoid table.
The dorsal and caudal Umits of the capsule make a sharp
angle behind the superior margin of the eye. The posterior
margin of the nasal cartilage is curved; its location in the

chicken (figs. 3 and 4) and in the turkey (fig. 5) is shown
by dashed lines. It approximately parallels the anterior and
ventral boundaries of the orbital region. The orbital fossa
and the nasal cavity meet at the ridge located on the lateral
face of the mesethmoid column.
The cavity of the nose passes beyond the body of the
palatine bone and opens into the oral cavity by way of a
long slit, the internal nares (aptertura interna nasi), or
choana, (fig. 362). The anterior end of the choana begins
at the forward tip of the vomer bone, the location of which
is shown in figure 7. In the turkey this tip lies directly below
the frontal process. The slit of the choana extends caudally
to the fossa of the auditory tube opening (compare fig. 7
with figs. 8 and 362). The ventral edge of the septum lies at
a higher level than the lateral edge of the choana, the skeletal
support for the margin of the septum being the rostroparasphenoid and the vomer (figs. 7 and 8). We have indicated
the lower margin of the nose (figs. 3 to 5) as being common
to the dorsal margin of the jaw, and this is true for the lateral
edge of the choana (fig. 362, p. 581). Between the nasal
capsule and the skin are two spaces, but these have not been
included within the boundaries of the nasal region, although
they do overlap to a large extent. The nasal region, as is
evident from the description thus far, is a triangle, and the
three sides are dorsal, ventral, and posterior.
Oral region.—The oral region {regio oris) includes the
mouth slit, or gape {rima oris); the malar {regio malaris)
and rictal regions {regio ridalis), each of which is divided into
maxillary and mandibular parts; and the upper and lower
beaks. The covering of the beak or bill is a keratinized
thickening of the corneum of epidermis called a rhamphotheca. Usually it is rigid and hard, but in ducks it is
leathery and flexible. In most birds the upper beak has the
shape of a gable roof; the sloping sides meet at the dorsal
medial line, called the culmen. The shape or curvature of
the culmen (fig. 2) is used as an identifying characteristic
in the taxonomic descriptions of many birds. The culmen
of the chicken and turkey is convex with the curvature increasing toward the tip (figs. 3 to 5).
The two rami of the lower jaws meet in the midline at
their anterior ends and fuse for a variable distance according
to the species of birds. In most birds this line of fusion is
relatively short, as it is in the chicken and in the turkey
(fig. 9). The fused tips of the lower jaws are covered with
beak keratin, and the extent of fusion of the beak in the
midline generally corresponds to the extent of fusion of the
underlying bones. In birds with cone-shaped bills like the
House Sparrow (fig. 2, I), this fusion is over half the length
of the lower beak; the same is true in the puffins (fig. 2, G).
The profile line of the fused portion of the lower beak is the
gonys. Coues (1903:109) gave the history of the term
"gonys," which means knee, and pointed out that it was
erroneously substituted for the word "genys" meaning lower
jaw or chin. Sometimes the term is used incorrectly to indicate the lower outline of the whole beak. The gonys of
the lower bill is equivalent to the culmen of the upper biU.
The term "chin" {mentum) is usually applied by or-
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nithologists to the plumage beneath the rami of the jaws but
the connotation is that of an anatomical structure, based on
its usage in man and mammals. We suggest that the term
"mentum'' be applied to the anterior portion of the lower
beak where the right and left halves are united—in the area
of the symphysis. The term ^^mental angle" is often used
and is defined as the angle made by the right and left rami
of the lower beak as they fuse at the gonial line. Instead of
mentum, Coues (1903:109) applied the term ''myxa'' which
hedeñnedas'^ . . that portion of the rami which correspond
to the length of the gonys. " The word ''myxa'' has not been
extensively used in the literature, and it would seem desirable to use the term "mentum'' instead.
The cutting edges of the upper and lower beaks are the
upper and lower tomia. The upper, or maxillary, tomium
itomium maxillare) of the chicken and turkey is a curve
with the concavity downward. The lower, or mandibular,
tomium {tomium mandibulare) approximately parallels the
curvature of the upper tomium except at the tip. When the
mouth is closed, the tomial edges of the lower beak slip inside
and past the tomial edges of the upper beak, resulting in a
slight shearing action (fig. 362). Among different species
of birds (fig. 2), the tomia may be straight, curved upward
or downward, serrated, angled along their length, and they
may have a variety of other forms.
The caudal extension of the beak substance merges
gradually into a more membranous type of keratin. Along
the culmen of older turkeys on a level with the anterior end
of the nasal region is a small, bony exostosis (fig. 6). It is
absent from the premaxilla of younger birds. Thus^ far no
name has been found for this bony elevation that carries over
it a layer of keratinized beak substance. We suggest that it
be called the beak tubercle.
The comb of the Single Comb White Leghorn Chicken
arises caudal to the beak. In the newly hatched chicken, the
beak is well separated from the comb, but in old birds, especially males, the comb grows forward and overHes the
caudal end of the beak. An intermediate state of development is shown in figure 4.
Before hatching, a conical body of hard keratin develops
at the tip of the upper beak. This conical body is often
referred to as an egg tooth. It assists the chick in breaking
the shell, and after hatching is sloughed within one to a
few days. The term ^'egg tooth" has been applied to this
tubercle in birds, but the term is more appropriate for a
structure having the same function in hzards and snakes.
As Lange (1931:394) has pointed out, the egg tooth of lizards
and snakes has nothing to do with the ^^Eischwiele" of the
crocodiles, turtles, and birds. The term ^^Eischewiele" suggested by Rose (1892) has been translated by Hamilton
(1952:375) as egg callosity and by Bellairs (1960:134) as
egg caruncle. Appropriate terms to distinguish between the
true egg teeth of Hzards and snakes and the horny elevation
on crocodiles, turtles, and birds would be desirable. This,
possibly, may come about sometime in the future.
Rawles (1960: 210) regarded the egg tooth of embryos as
a calcareous protuberance. Mayaud (1950: 11) stated that
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it is keratinized and does not contain calcareous deposits.
Kingsbury et al. (1953) regarded the egg tooth as a keratinized structure. Clark (1961) reviewed the occurrence of
the egg tooth in wild birds and observed that in some species
such a ''tooth" was present on the lower beak as well as on
the upper beak.
Rictal region.—The caudal extension of the lower beak
retains the hard keratin along the sides and lower margins,
but above the tomial edges is a transition to the soft tissues of
the rictus. The point of transition is approximately the same
on the edge of the upper beak.
When the gape is open, a triangle of soft tissue apparently
joins the upper and lower jaws. The gape ends at the edge of
this tissue curtain, which is on both the right and left sides
and forms the ricti. When the mouth is closed, the ricti are
folded so that the tomial edges lie close together (fig. 3) ; the
point of reflection is often called a rictal commissure. However, when the mouth is fully open, there is no commissure
(figs. 4 and 11) ; there may be a point of abrupt transition. In
the chicken the maxillary rictus is swollen and vascular like
the comb and wattles, whereas the mandibular rictus is thin
and relatively avascular (fig. 11). In an 11-day-old specimen
the two parts of the rictus are alike, namely, thin and pale.
These are essentially similar at about a month and a half, but
by 74 days of age (male) a streak of red has grown down from
the comb and crosses the face into the upper part of the
maxillary rictus. The maxillary and mandibular parts of the
rictus in the turkey are aUke (fig. 5).
Malar region,—The malar region {regio malaris) includes
the soft tissues that cover the jaws (figs. 3 to 6). In these
illustrations separation is shown by a dashed line extending
from the caudal end of the rictus to the angle of the jaws. A
separation of the malar region into two parts has been made,
namely, maxillary {regio malaris maxillaris) and mandibular
{regio malaris mandibularis). The anterior end of the maxillary malar region begins below the nasal region. It is composed of soft tissues that cover the upper part of the maxillary process of the premaxilla and continues along the jugal
bar to the joint of the jaw. The anterior end of the mandibular malar region begins at the transition of hard beak to the
soft skin covering the lower jaw and continues to the caudal
end of the jaw including the postarticular process. Examination of the facial skeleton (figs. 6 and 7) shows that the maxillary malar region is narrow because the narrow jugal bar is a
thin bone and that the mandibular malar region is wide
because the lower jaw is wide. When the jaws close, the upper
edge of the lower jaw slides medially behind the upper jaw.
The wattles of the 11-day-old Single Comb White Leghorn
Chicken are little more than slight folds of skin along the
ventral margins of the jaws beginning caudal to the hard
keratin of the lower bill and extending about half the distance
to the angle of the jaw. Measurements on the growth of wattles {paleae) are given in chapter 9. At the age of about 45
days, the wattles are definitely pendulous. The anterior
origin of each is from the inferior margin and also from the
lateral surface of the lower jaw. Caudally each wattle extends nearly to the joint of the jaws, and when large it in-
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FIGURE U.—Rictus

of an adult Single Comb White Leghorn
Chicken from the right side. The maxillary part has the
red color and rugosity of the comb, whereas the mandibular
part has the thin, smooth character found in the young
bird. When the jaws are forcibly separated the free edges
of the rictus may form a uniformly curved Une as shown
here, but when partially separated, an angle will be present
as shown in figure 4.

eludes some or the feathered skin. By 74 days the wattle of
the male has the same caudal hmit as that in the younger
chick, namely about half of the mandibular malar region,
but its weight pulls the feathered skin downward so that the
upper part of the wattle appears to be feathered. As the
tissues of a wattle grow, the wattle becomes suspended by
nearly the entire length of the mandibular region as far back
as the earlobe. The two surfaces are the medial and lateral
laminae. The medial lamina (lamina externa) is carried by the
submalar region and the lateral lamina {lamina interna),
by the mandibular malar region.
Ventral surface of head
As applied to the feathered bird, the term "throat" has
an indefinite meaning and is closely equivalent to what
Coues (1903) called the guiar region. Anatomically, the throat
is equivalent to the pharynx. Even this is hard to define in
birds, chiefly because the oral cavity and pharynx are not
separated by a simple transverse plane. The jaws, which form
the margins of the oral cavity, extend so far caudally that
they enclose not only all of the oral cavity but most of the
pharynx as well.
The lower surface of the pharynx has the shape of a triangle
that projects forward into the oral cavity (figs. 9, 29, and
32); the upper surface is a slightly bowed line joining the
angles of the jaws (fig. 9). In order to establish a boundary
between mouth and pharynx, several arbitrary landmarks
have been used. Calhoun (1954:3) who reviewed the literature on this subject reported that in the chicken, "...
Grossman (1927) set aside the transverse row of papillae on

the root of the tongue as a 'convenient' mark for separating
the two cavities while Heidrich (1908) designated a row of
papillae in the palate for the same purpose." Arbitrary
boundaries might be satisfactory if one were concerned with
only a single species, but such boundaries are of little value if
they are to apply to birds in general.
We suggest that a workable transverse boundary might be
established for all birds if it were based on embryology of the
visceral arches. The first arch forms the framework of the
mouth, and the next arch (hyoid) is associated with the
pharynx. With this in mind, the oropharynx boundary in the
roof of the mouth could be placed between internal nares and
the common opening for the auditory tubes as indicated
by the dashed line in figure 9. The lateral ends of the boundary are established by the angles of the jaws. This line places
the internal nares entirely within the mouth cavity and the
openings of the auditory tubes in the anterior end of the
pharynx.
The tongue, located on the floor of the oropharynx, has its
musculature attached to various parts of the hyoid. Our
concern here is with the median rod, composed of three
bones—the paraglossum (endoglossum), basihyal, andurohyaP
(figs. 7 and 9). The paraglossum extends forward almost to
the tip of the tongue. Is this forward extension part of the
hyoid apparatus? Bellairs and Jenkin (1960:279) stated
that, "The paraglossum is now believed to be a structure
evolved de novo in birds, and not derived from the basibranchial (Crompton, 1953; Fourie, 1955)." DeKock (1955:
173) was of the same opinion. If this conclusion is valid, then
the anterior end of the basihyal becomes the boundary between mouth and pharynx. In the chicken and turkey, the
paraglossobasihyal joint can be palpated easily; it coincides
in position with the lingual papillae, the landmark originally
suggested by Grossman (1927). The approximate boundary
of the ventral wall of the pharynx is delineated in figure 9.
The projection of this boundary to the interramal and submalar regions is shown in figures 29 and 32 by dashed lines.
Interramal region.—The interramal region is a triangular
area that has its apex in the soft, or membranous, tissue
beginning behind the gonys and its lateral boundaries along
the lower margin of each mandible. The caudal end of each
rictus is joined by a transverse line that forms the common
boundary between interramal and submalar regions (figs. 29
and 32). In the chicken the interramal space may include the
anterior edges of the medial laminae of the wattles. In the
turkey (fig. 5) and in the Silkie Bantam (fig. 323, B, p. 534),
a dewlap arises in the interramal region and continues along
the ventral midline of the neck.
Hyoid region.—The hyoid region has already been dis' Hammond and Yntema (1964) presented synonyms from the
literature for the hyoid bones, but in their own writing followed Parker
and Haswell (1940). The following are some equivalents: paraglossum =
basihyal; basihyal = basibranchial I; urohyal = basibranchial II;
ceratobranchial and epibranchial are the same terms in both sources.
JoUie (1962:78) used the following terms: endoglossal for paraglossal;
copula 1 for basihyal and copula 2 for urohyal.
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cussed, particularly in reference to the oral cavity, pharynx,
and tongue. To each side of the caudal end of the basihyal is
attached a horn (cornu) ^ composed of ceratobranchial and
epibranchial bones and cartilages (figs. 7 and 9). The basihyal
lies medial to the mandible, and the cornua emerge below the
mandible at about the level of the rictus.^ This is well shown
in the owl in figure 24, page 33. Each cornu follows the
curvature of the lower margin of the jaw and extends dorsally
along the junction of head and neck. In the chicken and
turkey, the cartilaginous tip terminates at what has been
determined as the dorsal boundary of the neck or a little
beyond this boundary (figs. 3 to 5). The hyoid region is
shaped hke a crescent with the concavity upward and forward. The inner boundary often coincides with the junction
of crown and base of head, with a small portion of the transverse boundary of the postorbital region, and with the inferior
malar boundary extended forward to the point where the
hyoid passes medial to the lower jaw. The outer boundary
extends from the malar region along a sweeping curve
caudally upward until it reaches the base of the head.
Submalar region.—The submalar region {regio submalaris)
is a four-sided area on the ventral surface of the head. Its
anterior boundary is the same as the posterior boundary of
the interramal region; its posterior boundary is a transverse
line that joins the caudal ends of the lower jaws. The lateral
boundaries are the ventral margins of the lower jaws, and thus
the submalar region shares its boundaries with the malar
regions on each side. When the hyoid drops below the level
of the jaw, it is included within the submalar region and is
part of it. The submalar region as defined by these external
landmarks is relatively simple but when defined in terms of
underlying structures, it becomes complicated.^ The underlying structures of the malar region include most of the
ventral wall of the pharynx, the base of the tongue, part of
the hyoid, and part of the oral cavity. It may include the
larynx, which is part of the ventral neck.
The anterior end of the pharynx has already been defined
as the junction between the basihyal and paraglossal bones.
This approximates the common boundary between the
interramal and submalar regions, but the relationship between the external boundary and the joint of the hyoid is not
a fixed one, chiefly because tongue and larynx readily shift
position, forward and backward. This shifting is especially
6 If the musculature of the throat is relaxed, as it often is in the
chicken, an X-ray may show the entire axis of the hyoid dropped below
the inferior margin of the mandible.
7 There must be a reasonable limit to the number of boundary lines
for internal structure that can be projected and drawn on the surface
of the body. The hyoid is a good example; another example would be
the full extent of pneumatization from the middle ear. The hyoid of
the Green Woodpecker (Picus viridis) curls around the crown above
the right eye and penetrates the right nasal cavity (Leiber, 1907).
Parker (1879 pL 5, fig. 1) depicted the horns of the hyoid passing
over the crown in the same species of woodpecker. In the Red-shafted
Flicker (Colaptes cafer) the same may be observed (Shufeldt, 1900:588).
It seems better to regard these as exceptions than to modify the general
plan that has been developed for outlining regions of the head.

true of the larynx of the chicken. In the embalmed chicken,
the caudal boundary of the submalar region includes the
upper larynx, but in the freshly killed specimen the larynx
and the pharynx tissues supporting it may stretch backward
so far that the larynx lies almost at the common boundary
between anterior and posterior ventral neck regions. This
elasticity of the pharynx wall is not as great in the turkey as
it is in the chicken.

Common Coturnix
The Common Coturnix is a small galliform, in which most
topographic features are similar to those of the chicken and
turkey. The following description of the regions of the head
will be hmited largely to details in which this quail differs
from the chicken and turkey.
Cranium
Forehead region.—In the absence of comb or snood, the
boundaries of the forehead region, in the quail are relatively
easy to place by following the same landmarks established for
chicken and turkey, namely, frontonasal hinge for the
anterior boundary, tip of the brain for the posterior boundary,
and margins of the frontal bone for the lateral boundaries.
In coturnix as in other galliforms, a plane across the anterior
end of the brain passes through the posterior third of the lid
slit. The lateral margins of the forehead He on top of the head
rather than at the angle between top and side because the
frontal bones opposite the orbital regions are narrow. This
structure in turn appears to be associated with the large orbit
that extends dorsally as far as the upper level of the frontal
bone. Each lateral margin crosses the body of the prefrontal
bone, but both it and the prefrontal process are very small
in the Common Coturnix.
Crown region.—The skeletal landmarks for establishing
the boundaries of the crown in coturnix are the same as those
described for the chicken and turkey.
Base of head.—The base of the head in coturnix is somewhat
broader than it is high. Coturnix skulls from specimens 155
days of age did not show a superior nuchal line.
Face
Orbital region.—The orbital region is relatively larger in
the quail than it is in the adult chicken or turkey. As already
mentioned, the dorsal margin lies on the level with the top
surface of the frontal bone. The lower margin lies behind the
jugal bar, and thus a suborbital region does not exist in the
quail. A similar situation exists in the young Single Comb
White Leghorn Chicken in that the large size of the orbit
ehminates, or nearly eliminates, the suborbital region.
Suborbital region.—The suborbital region of the adult
coturnix is reduced to two small triangles, a situation probably brought about by eyes that are large relative to the
size of the head.
Postorbital region.—In coturnix the shape and boundary
landmarks for the postorbital region are the same as those in
the chicken and turkey.
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12.—Rictus of the Common Coturnix from the right
side. Part of the rictus is feathered, part is bare.

FIGURE

Auricular region.—In coturnix the external ear opening is
round and external to the squamosal process of the quadrate
bone. The canal swings caudally and ventrally to the tympanum. Even in these points the differences from the chicken
and turkey are minor.
Nasal region.—No essential difference was observed in the
nasal region of coturnix and that of the chicken and turkey.
The apex is located a slight distance farther forward in the
quail than in the chicken and turkey.
Oral region.—The beak of coturnix has a shape similar to

that of the chicken and turkey, but it differs in one detail.
The nasal arch carries a small Y-shaped piece, inverted
so that the stem of the Y lies along the nasal arch. Into the
crotch of the Y is inserted the caudal tip of the beak. The
arms of the Y extend forward and downward along the angle
between beak and operculum.
Ricial region.—The rictus of coturnix has a pigmented,
dark-brown margin that is rolled outward (fig. 12); the
maxillary and mandibular portions are alike. In the chicken
and turkey when the gape is at its maximum, the angle
between maxillary and mandibular parts disappears (fig. 11),
but in coturnix an angle is retained because the rictus is
attached farther forward on the lower jaw than it is on the
upper jaw (fig. 12).
Malar region.—The postarticular process in the coturnix is
relatively short; as a result, the caudal end of the malar
region is rounded and lies close to the articular joint.
Ventral surface of head
The interramal, hyoid, and submalar regions of coturnix
are the same as those in the chicken and turkey. The cartilaginous tip of the epibranchial cartilage may extend a little
higher dorsally in the quail than in these other galliforms.

White Pekin Duck
The skeletal anatomy of the heads of ducks, geese, and
swans is sufficiently alike that a description of the regions of
one of these—the White Pekin Duck—adequately represents
the others (figs. 13 and 14). In spite of considerable differences in the skeletal system of galliforms and anseriforms,
the landmarks for placement of region boundaries remain

I— Orbital reg,
Crown
Upper lid
Lower lid, mobile part
Lower lid, stationary part
Postorbital regExternal ear opening
Middle and internal ear regs.

Forehead
Ftontonasal hinge
Nasal reg.
Culmen

Base of head
Superior nuchal line

External nasal opening

Anterior dorsal neck reg.
Maxillary nail
Lateral neck reg.

Mandibular nail

Anterior ventral neck reg.
Hyoid reg. -J

Interramal reg.
■— Lamellae

Maxillary and mandibular malar regs.—
- Rictus
Suborbital reg. —

Submalar reg.

13.—Right side of the deplumed head of a Mallard {Anas platyrhynchos) showing regions. The wild species is not
identical with the White Pekin Duck (compare with fig. 14, A). See figure 3 for significance of dashed lines. Abbreviation:
reg(s)., region(s).
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Reg. of angular b.
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FIGURE

14.—Boundaries of regions superimposed on the skull and lower jaw of a male White Pekin Duck.

A, the relationship of the orbital region to highest point of the crown
differs somewhat between Mallard (fig. 13) and White Pekin Duck.
See figure 15 for names of the skull bones. See figure 3 for significance
of dashed lines.

B, the dashed line over the jaw indicates the portion hidden behind
the jugal bar when the mouth is closed. Abbreviations: b., bone;
proc(s)., process(es); reg(s)., region(s).

about the same. The anserines have more extensive fusion of
bones in the fore part of the head than do the galliforms. The
term "prosopium" was applied by Mivart (1895) to the
fused premaxillaries, maxillaries, and nasals of the parrot
beak and is equally applicable to the White Pekin Duck.
What we labeled "prefrontal bone" in figure 15 was named
"lachrymal" by Humphrey and Clark (1964, fig. 4, A) in their
illustration of the skull of a goose, Anser spp. Our acceptance
of the term "prefrontal" is based on the work of Gregory
(1920:129 and 234), which was accepted by Romer (1945:
fig. 207) and by Jollie (1957, 1962). Johie (1957:414) discussed the change on the basis of earlier literature.

laterally at each end of the hinge line. Below the hinge a
small concavity of the prosopium receives the rounded
anterior spur of the prefrontal bone (fig. 15). As shown
clearly in the skull of a 28-day-old White Pekin Duck,
the hinge line lies between the anterior (premaxillary) and
posterior (frontal) processes of the nasal bone. Externally the
hinge line crosses the caudally pointed extensions of the
orange-colored beak, about half way between the tips and
the bottom of the U-shaped depression in the midline (fig.
2, D, dorsal view). Usually the hinge joint can be palpated
through the soft keratin of the beak.
The posterior boundary of the forehead in ducks, as in the
other birds described, lies at the anterior end of the brain.
Externally the plane of this boundary crosses the caudal
third of the lid slit. In the White Pekin Duck, the frontal
bone can be palpated readily. The level of the anterior end
of the brain corresponds to the narrowest part of the frontal
bone between the bulbi oculi. Each lateral boundary extends
from the hinge line along the angle of the head produced by

Cranium
Forehead region.—The anterior boundary of the forehead
region is the frontonasal hinge. Externally, the hinge line is
not readily apparent, but in the skull of the duck it can be
identified easily by a palpable flexible joint that is located
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Quadratojugal b
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— Caudal reg. of maxilla
-Zygomatic process of maxilla
■ Vomer
Jugal b.
I— Palatine b.
'— Rostrum of parasphenoid b.
. Suborbital bar

15.—Skull of a White Pekin Duck (male). Same base drawing as figure 14, A, with an overlay carrying names of
bones. Abbreviations: b., bone; m., musculvs; n., nerve; proc(s)., process(es); reg., region.

the fusion of frontal and prefrontal bones. Then it follows the
curved orbital margin of frontal bone to the posterior boundary already established.
Crown region.—Compared with the galliforms studied, the
White Pekin Duck has a long forehead and a short crown.
The boundaries of the crown are based on the same landmarks
that were applied to birds already described; differences are
in proportions and details. The inferior tip of the paroccipital
process extends farther ventrally than in the galliforms, and
in the duck it lies at about the same level as the dorsal
tip of the postarticular process. The lateral margin of the
crown extends from the frontal table above the eye, diagonally
downward behind the ear, to the inferior tip of the paroccipital process. In its path the margin crosses the groove
associated with them.depressor mandibulae (figs. 14, A, and 15).
Caudal to this muscle is the well-developed superior nuchal
line. It crosses and is identical with the boundary between
parietal and occipital bones, as determined on a 28-day-old
specimen. The caudal boundary of the crown joins its lateral
boundary at about the level of the ear rather than at the
extreme free tip of the paroccipital process as it does in
galliforms.
Base of head.—The superior nuchal line in the duck establishes most of the dorsal and lateral boundaries for the
base of the head (figs. 13 and 14, A). The ventral boundary
extends from the inferior tip of the paroccipital process,
across the base of the skull, and along the line between exoccipital, basioccipital, and the basiparasphenoid (basitemporal) bone. This line is irregular, and the two small styloid
processes present near the boundary are part of the exoccipital bones and therefore are part of the base of the head.
On the skull of the 28-day-old duckling, where many bones
are not yet fused, the caudal part of the parietal bone,
clearly turns downward to form the upper part of the base of
the head. Most of the parietal is involved in the groove that

bears the body of the m. depressor mandibulae. The relationships of bones at the base of the head are shown by Howard
(1929) for the Snow Goose (Anser caerulescens (= Chen
hyperboreus)), and for a goose by Humphrey and Clark
(1964). In the White Pekin Duck, the boundary that separates base of the head from floor of the skull is similar to
that shown for the turkey (fig. 8).
Face
Orbital region.—The eye of the White Pekin Duck and of
the Mallard is small compared to the size of the head, and it
lies close to the dorsal surface. The globe of the eye has the
dorsal part of the circle near the orbital margin of the frontal
bone, the anterior and posterior parts cut across the orbital
fossa, and the inferior part lies behind the process representing
the fused squamosal and postorbital processes (fig. 14, A).^
These processes are joined by a fascial band. The orbital
fossa has an irregular shape caused partly by the large
glands adjacent to the eye; the nasal gland lies along the
concave margin of the frontal bone and extends to the
caudal end of the nasal fossa. The large lacrimal gland fills
the forward end of the nasal fossa, and the Harderian gland
lies on its lateral surface.
The total peripheral extent of the conjunctival cavity
beneath the upper and lower lids covers about two-thirds to
three-fourths of the total anterior surface of the globe. Its
ventral extent is not as great as in the galliforms described.
There are mobile and stationary parts to both upper and
lower lids; the stationary part of the lower lid is supported by
the suborbital bar, and the mobile part folds inside the bar.
The upper mobile lid is much shorter than the lower one.
The caudal limbs of the nictitating membrane extend poste* These two processes together are called the suborbital bar (fig. 15).
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riorly along the perimeter of the pupil for about two-thirds
of its circumference. The membrane appears to be reduced
or absent from the posterior third of the conjunctival cavity.
Suborbital region.—This region is more extensive in the
White Pekin Duck than in other birds examined. The area
has four boundaries—the dorsal one is concave and is shared
with the orbital region. The lateral boundaries are formed as
tangents that extend ventrally from each side of the orbital
region. The lateral boundaries approach the dorsal margin of
the malar region perpendicularly, and the portion of the
dorsal margin of the malar region between these lines forms
the ventral boundary of the suborbital region (fig. 13).
Beneath the surface of the suborbital region lies the orbital
process of the quadrate bone, the pterygoid bone, some of the
interorbital septum^ and much of the jaw musculature
(figs. 14, A and 15).
Postorbital region,—In the duck this region has the shape
of the upper half of a broad crescent. The dorsocaudal boundary is the same as the lateral boundary of the crown, the
anterior boundary is shared with the orbital and suborbital
regions, and the ventral boundary extends from the paroccipital process to the tip of the postarticular process and
has a common boundary with the posterior part of the
malar region (fig. 14, A), In the skeleton of the skull, a space
that exists between the middle ear region and the postarticular process has been arbitrarily included in the malar region.
Auricular region.—This region in the duck is located entirely within the postorbital region. The external ear opening
is approximately round and is almost directly peripheral to
the middle ear (compare figure 13 with figure 14, A). The
placement low on the skull of the external ear opening is
demonstrated by the fact that a ledge, produced by an osseous
ridge below the middle ear, intrudes into the ventral wall of
the canal, and a tendon protrudes into the caudal wall. These
two indentations reduce the canal passageway to about onethird of its diameter at the surface of the head. In the chicken
and turkey, the external auditory canal turns ventrally to
approach the tympanic membrane, but in the White Pekin
Duck the passageway is short and direct. The outlines of
middle ear region and semicircular canals are shown by
dashed lines within the postauricular area. These outlines
are clearly defined in X-rays of the head.
Nasal region.—The nasal region is extensive and triangular
in the White Pekin Duck. The apex hes at the anterior end
of the nasal fossa, a short distance in front of the external
nasal opening. The dorsal margin courses below the nasal
arch, across the hinge line, and below the forehead as far as
the caudal end of the table of the mesethmoid. Within this
table is contained a sinuslike extension of the nasal cavity, dorsal to the olfactory concha. The caudal boundary
follows the column of the mesethmoid and then the upper
third or half of the suborbital region and, as indicated by the
dashed fines in figures 13 and 14, A, it then diagonally crosses
the suborbital space to join the malar region. Here is located
the caudal end of the choana or internal nares. The ventral
nasal boundary extends from the apex across the fused plate
of nasal and maxillary bones, and it continues caudally as a
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boundary in common with the malar region as far as the
middle of the suborbital region where it joins its caudal
boundary. The choana begins at the anterior end of the
large, bladehke vomer bone and continues as an open slit to
the posterior boundary of the nasal region.
The external nasal opening is oval and lacks an operculum;
the tip of the rudimentary inferior concha is visible through the
opening. The external nasal opening in the White Pekin Duck
has an intermediate placement in the bill; in the Muscovy
Duck (fig. 16, A) it is near the caudal end, and in the male
Chinese Goose it is far forward (fig. 16, B and 17). The nasal
septum opposite the nasal openings is perforate, and thus it
is possible to pass a probe through from one side to the opposite side of the beak. The nostrils of galliforms, Common
Pigeon, and Great Horned Owl are imperforate. Examples of
perforate nostrils are shown in figure 2, C and E. Coues
(1903:110) hsted, in addition, the Turkey Vulture (Turkeybuzzard, Catkartes aura) and Sandhill Crane {Grus canadensis). These examples may be extended to include ah New
World vultures and all cranes. Van Tyne and Berger (1959:
40) included the rails.
Oral region.—In the duck the beaks are flattened, the
gape is long, and the rictus is small (fig. 13). The soft keratin
covering the beaks remains flexible and leathery. Rigidity is
given the keratin by the underlying bones; where the rhamphotheca spans the nasal fossa the keratin is particularly
flexible. The rhamphotheca not only covers completely the
area of the nares but extends caudally along the ridge made
by the fusion of frontal and prefrontal bones to a point on
each side of the head (fig. 2, D, dorsal view). Between these
two points the line of the beak curves downward to form a
U-shaped extension of the skin of the forehead on which are
implanted short feathers. The caudal margin of the beak on
the side of the face is curved also, with the concavity toward
the eye.
The tomial margin of the maxilla is strengthened by a
thickened ridge of keratin. This margin is somewhat better
developed in the Muscovy Duck (fig. 16, A) than in the
White Pekin Duck. At the anterior end of the rhamphotheca,
in the anserine birds, is a nail supported by a thickened patch
of bone at the tip of premaxillaries.
The lower beak, covered also by nienabranous keratin,
extends caudally the same distance as in the upper beak.
It also has a supporting roll or bar of keratin along the
tomium. A nail is present, and when the mouth is closed it
holds a position almost at right angles to the upper nail and
therefore would have a slight shearing action (fig. 13). The
mandibular nail is absent in the goose shown in figure 16, JB.
The nail is the only portion of the beak in anseriform birds
that has the character of the horny beak found in most
birds. The profile of the nail represents the gonys of the
lower beak and is relatively short (fig. 2, D, ventral view).
Along the tomia of both jaws is a series of keratinized
serrations or lamellae, and facing these is a row of lamellae
on each side of the tongue. Goodman and Fisher (1962:43)
described the food habits of the Mallard and other ducks as
follows :
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Crown

Nasal opening
Nail

FiGUEE 16.—Heads of two anseriform birds.
A, White Muscovy Duck showing the bare, red carunculate skin.
B, African Goose (male) showing characteristic knob and dewlap.

The blade-like lamellae . . . provide an apparatus for filtering
of solid particles from a watery medium. The water and food particles enter anteriorly near or at the tip of the bill and the water
only leaves through the sides of the bill; the food particles are
strained out by the lamellae of the bill and the projections on the
tongue.

The culmen of the White Pekin Duck is approximately a
straight line with a slight elevation over the external nostril
and a slight depression in front of it. Coues (1903:109)
questioned whether the term "culmen" can properly be
applied to the duck based on his definition of the culmen,
namely, ". . . highest middle lengthwise line of hill; it begins
where feathers end on the forehead, and extends to tip of
upper mandible." It would seem as if this definition was

(Redrawn from "American Standard of Perfection,"
456, by Casimir Jamroz.)

1938-40, p.

adequately fulfilled by the beak of the duck; the beak may
not be greatly elevated, but it is not ñat.
The dorsal and ventral boundaries between oral and
pharyngeal portions of the mouth cavity are basically similar
to those of galliforms. The paraglossobasihyal joint lies
approximately at the level of the anterior end of the vomer
(fig. 15); in relation to an external landmark, it lies in the
interramal region a slight distance caudal to the feathered
area (fig. 2, D, ventral view). The joint is such a large one
that it can be palpated through the thin skin of the interramal region. The paraglossobasihyal joint marks the anterior tip of the dividing line between pharyngeal and oral
portions of the tongue and the floor of the mouth. Inside the
mouth another landmark for this joint is the large row of
Column of the mesethmoid b.

■Groove for origin of
m. depressor mandihulae

Knob

Frontonasal hinge
Superior
nuchal line

Ossified septum
Ossified nasal capsule

Paroccipital proc.
Suborbital bar
Jugal bar

17.—Skull of a domestic goose—either African or Chinese. Specimen No. 19374, from the U.S. National Museum.
The presumed ancestor {Anser cygnoides) of both of these breeds of domestic geese lacks a knob and is thereby morphologically different. Abbreviations: b., bone; m., musculus; proc, process.
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papillae arranged transversely across the tongue. From
these papillae the boundary lines extend diagonally along the
grooves between the larynx and the inner lateral wall of the
lower jaws to the joints of the jaws. On the dorsal surface of
the oropharynx, the boundary between the oral and pharyngeal parts falls between the caudal end of the choana and the
tissue barrier in front of the common opening that leads to the
auditory tubes. Two laterally directed lines extend to the
joints of the jaws. The dorsal pharynx region is short and is
followed almost immediately by the beginning of the
esophagus.
Ricial region.—The rictus of the White Pekin Duck is
small (fig. 13) and does not have maxillary and mandibular
parts as in galliforms and in the Great Horned Owl. The
gape of the mouth would be relatively small were it not for
the fact that the upper jaw can be elevated an additional
amount by bending at the frontonasal hinge. Among 17
species of Anatidae examined by Goodman and Fisher (1962,
table 40, p. 175) the amount of elevation varied from 7° to
22°. The angle was least in fish-eating species, most in grazers,
and intermediate in those that sieved their food from water,
like the Mallard.
Malar region,—The malar region includes both the upper
and lower jaws. The boundaries can be defined as follows:
From the palpable margin of the jugal bar, around the
articulation with the quadrate enclosing the space between
the ear and postarticular process and along the caudal and
ventral curvature of the postarticular process, and under
the edge of the jaw to the end of the beak (fig. 13). The malar
region has a maxillary and a mandibular part, the separation
of which is indicated by a dashed line in figures 13 and 14, A.
The mandibular malar region is shown also in figure 14, B, the
dashed line in this case indicates the portion of this region
hidden behind the jugal bar.
Ventral surface of head
Interramal region.—The boundaries for the interramal
region in the duck agree with those already given for other
domestic fowl. The region lies caudal to the mandibular
symphysis, between the inferior margins of the mandibles.
The posterior boundary is a transverse line that joins the
right and left ricti (fig. 2, Z), ventral view and fig. 13). Most
of the interramal region in the duck is a thin, membranous
skin devoid of feathers; only a small, triangular portion at
the caudal end is feathered. The posterior boundary of the
interramal region forms the anterior boundary of the submalar region.
Hyoid region.—In the White Pekin Duck as in other birds
examined, the bones of the hyoid emerge from below the
level of the malar region at a point opposite the suborbital
region. The position of the urohyal determines the ventral
extent of the hyoid region, a spatial relationship best seen
in X-rays of the bisected head. The concave dorsal and
anterior boundary of the hyoid region is common with the
inferior malar margin and dorsally follows the contour of the
base of the head. When the skin is removed, the epibranchial

25

bone and cartilage are found to lie in the angle between the
m. depressor mandihulae and the neck. The tip may curl
forward to a point dorsal to the ear or the entire epibranchial
portion of the hyoid horn may shift caudally to expose the
lateral neck region between hyoid and base of the skull as
shown in figure 13. As the hyoid passes around the caudal
end of the jaws, part of it slips in behind the postarticular
process.
Submalar region.—The anterior boundary of the submalar
region of the duck crosses the ventral surface of the head at
the level of the rictus; the posterior boundary crosses at the
level of the caudal end of the lower jaws. The lateral boundaries are the lower edges of the mandibles. The separation
between pharyngeal and oral regions is indicated by dashed
lines in the submalar and interramal regions (fig. 38). On
the ventral side of the head, the submalar region includes the
hyoid region; the reason for not attempting to outline a
hyoid region ventrally has already been stated in footnote
7 (p. 19).

Other Domestic Anserines
The domestic Muscovy Duck has white or colored plumage, depending on the variety. The white variety shown in
figure 16, A, has an extensive bare area across the face, the
anterior part of which extends from dorsal midline to rictus
and follows the caudal boundary of the beak. The dorsal
margin diagonally crosses the forehead, extends along the
crown slightly above the orbital region, and continues around
the eye into the postorbital region to terminate near the
junction of the base of the head and the neck. The ventral
boundary begins at this point, arches across the postorbital
region above the external ear opening, swings downward
across the face at about the junction of orbital and suborbital
regions, crosses part of the nasal region, and then turns
abruptly downward to the rictus.
Male and female domestic Chinese Geese, both brown
and white varieties, have large frontal knobs completely
covered by the rhamphotheca. The upward protrusion of the
forehead is even more extensive in the male and female
African Goose. In the African Goose the beak keratin covers
only part of the knob (fig. 16, B), and both sexes have a
dewlap. The dewlap is lacking in both sexes of the Chinese
Goose. The names '^African" and ''Chinese" Geese are
confusing because both breeds come from China. A breed of
domestic fowl called the ''Egyptian Goose'' is distributed
from Egypt to the Cape of Good Hope. It differs from the
African breed mentioned previously in that it lacks both
knob and dewlap. Both African and Chinese Geese may
have been derived from a species of wild goose (Anser cygnoides) found in China. The wild species, however, lacks a
frontal knob. Brief descriptions of the breeds and varieties
of domestic geese are recorded by the American Poultry
Association (1938-40 and 1953) and by Grow (1956).
The osteology of the skull reveals the structural basis for
the knob (fig. 17). Fusion is extensive, as in the skulls of
other adult anserines. Without the availability of young
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stages it is not possible to determine if the knob is formed
entirely or only partly of frontal bones and if the frontal
processes of the nasal bones are involved.
In figure 17 some bones of the skull are labeled in order to
facilitate comparisons with figure 15. A detailed study of the
skull bones for the duck and the goose illustrated here is
inappropriate at this time, but a few differences might be
mentioned. The external nasal openings of the duck (figs. 13
and 16, A) are more caudally placed on the beak than they
are in the goose (fig. 16, B) or in the swan (fig. 2, E). The
relative distance between hinge and eye fossa is much greater
in the duck than in the goose; therefore the forehead is longer
in the duck than in the goose. The orbital fossa of the duck
is smaller than it is in the goose. The table of the mesethmoid
contains the dorsocaudal part of the nasal cavity in the duck.
In the skull of the goose there is some indication that the
knob might also carry an extension from the nasal cavity.
Final conclusions on this point must await a study of soft
tissues.
The prefrontal bone is more extensive in the duck than it
is in the goose ; consequently, in the former there is a wide gap
between the two parts of the suborbital bar. In the goose the
maxilla is expanded, whereas in the duck it is small and

pointed. Where the duck has but a small filigree of bone receiving the internal ramus of the ophthalmic nerve, the goose
has a well-developed canal, and in the median plane, an extension upward to form an osseous nasal septum.
The upper tomium of the duck is straight or slightly convex, but the curve for the goose is concave. The groove for the
m. depressor mandibulae is much greater in the duck than in
the goose. In the latter, however, a crest of bone projects
between the cervical muscle masses that are attached to the
base of the skull; this crest of bone is absent in the duck.
The crest carries with it the occipital wall of the base of the
head and allows the basal end of the skull to be seen in a profile view of the head. A similar conformation occurs in the
Common Pigeon. The occipital condyle of the duck carries a
midsagittal groove revealing the bipartite character of the
condyle; this groove is absent in the goose. The paroccipital
process of the duck is wide and carries the extension of the
broad groove of the m. depressor mandibulae, but in the
goose the process is a narrow ridge. The rim of the osseous
external meatus of the duck is small, and the margins fold
inward, whereas that of the goose is large and flaring. None
of these skeletal or topographic differences change the basic
I
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18.—Right side of the deplumed head of the Common Pigeon with boundary lines for regions. See figure 3 for significance of the dashed lines. Abbreviation: reg(s)., region(s).
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FiGUKE 19.—Right side of skull and jaws of Common Pigeon with boundary lines for regions superimposed. See figure 3 for
significance of the dashed lines. Abbreviation: reg(s)., region(s).

pattern for regions of ducks and geese but do modify slightly
some of the proportions.

Cominon Pigeon
Sources of our material were varied, but most pigeons were
brought to the laboratory by farmers who probably collected
them from barn lofts. Some specimens were bought from
breeders. All specimens are considered to be representative of
pigeons used in laboratories. For the purpose of identifying
regions, minor differences among specimens were of no
significance.
The authors have used the names Common Pigeon,
Domestic Pigeon, Laboratory Pigeon, Rock Pigeon, and
Rock Dove. The American Ornithologists' Union "Check
List of North American Birds" has used the common name
"Rock Dove," ever since Columba livia was entered in its
fourth edition (1931:153). The distinction between pigeon
and dove is not clearly defined in the literature that has come
to our attention. Newton and Gadow (1893-96) indicated
that the terms have been used interchangeably. Thomson
(1964:217, 632) suggested that the pigeon and dove have
been separated on the basis of size and referred to Columba
Zma as the Rock Pigeon. We prefer to use the name "pigeon"
because it is a name more readily and commonly associated
with the bird we are talking about than the word "dove."
The pattern of regions for the Common Pigeon is the same
as already described for other domestic species and will not
be redescribed in detail (figs. 18 and 19). Instead emphasis will
be placed on points of difference.
Cranium
Forehead region.—The frontonasal hinge in the pigeon
forms the transverse boundary between forehead and nasal
arch. The placement of the hinge line is somewhat more
anterior in the pigeon than it is in birds described thus far

because the table of the mesethmoid is fused with the overlying bones and extends several millimeters beyond the
junction of the frontal bone and the caudal ends of the nasal
bones (fig. 20). As Bock (1963) pointed out for the ostrich,
such fusions prevent upward movement of the jaw. In the
pigeon the flexion takes place in front of the mesethmoid
bone and hence involves the narrow part of the premaxillary
processes of the nasal bones and the frontal processes of the
premaxillary bones. The frontonasal hinge lies in the feathered area caudal to the cere (figs. 18 and 19).
Projection of the hinge laterally carries it across the
maxillary processes of the nasal bones. Figure 20, a lateral
view of the pigeon's skull, does not show the various parts
of the nasal bone, but in dorsal view the frontal process of
the nasal bone is lacking or else obliterated by fusion with
the anterior edge or the pneumatic frontal bone.
The caudal and lateral boundaries of the forehead are
closely similar to those already described for other birds.
The caudal boundary crosses the lid slit near the middle,
which is in a plane with the narrowest point of the frontal
bones. These bones are palpable.
Crown region.—The brain of the pigeon is large and is
tilted caudally. As a result, the base of the head is shifted
almost parallel to the long axis of the head (figs. 19 and 20).
This shift in axis of the brain produces a crown of relatively
great span. The superior nuchal line in the Common Pigeon
is a ridge that is distinct enough to be palpable. The lateral
boundary of the crown arches across the side of the skull,
ventrally behind the osseous part of the middle and external
ear to the tip of the paroccipital process. The caudal boundary, follows the superior nuchal line and intersects the
lateral boundary dorsal to the paroccipital process, approximately on a level with the external ear opening.
Base of head.—As already mentioned, the base of the pigeon
head lies nearly parallel to the axis of the head; the foramen
magnum is directed ventrally instead of caudally. The sur-
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FiGUEE 20.—Right side of skull and jaws of the Common Pigeon with some bones labeled. Same base drawing as in figure 19.
Abbreviations: ant., anterior; b(b)., bone(s); lig., ligament; proc, process; reg., region.

face of this base is not a flat plane; hence, the caudal surface
of the skull can be seen in profile view because it bulges
beyond the level of the superior nuchal line (figs. 19 and 20).
A more extreme example of this has already been mentioned
in domestic breeds of geese with knobs (fig. 17).

is large, thin, and devoid of feathers. The lid slit is curved
with the concavity downward and crosses the globe above
the level of the pupil. The lower and upper stationary lids are
marked by rows of small feathers characteristic of the face.
The nictitating membrane is similar to that already described
in other birds.

Face

Suborbital region.—The suborbital region in the pigeon is
reduced to two small triangular areas, having been eliminated
almost entirely by the large orbital region and the elevated
jugal bar (figs. 18 and 19). The vertical boundaries of the
suborbital region are tangents to the orbital region and meet
the dorsal margin of the malar region at right angles. These
lines in the pigeon are tilted forward because the jugal bar
is directed upward and forms an angle with the maxillopremaxillary portion of the beak (figs. 19 and 20).

Orbital region.—In the pigeon the peripheral margin of the
globe is extensive and anteriorly extends from the frontal
bone to the prefrontal bone and then to the jugal bar;
posteriorly, it extends to the postorbital process and then to
the frontal bone. The anterior osseous face of the orbital
fossa of the pigeon differs from that of the domestic
galliforms in that the column of the mesethmoid, the prefrontal, and its process fuse into a transverse plate of thin
bone. In the pigeon connection with the nasal fossa region is
limited to a flattened passageway below this plate of bone,
whereas in the chicken and turkey the two fossae are broadly
connected. Because the orbital process of the prefrontal
bone reaches the jugal bar, a triangular space is established
that is bounded by the prefrontal, the maxillary process of
the nasal bone, and zygomatic process of the maxilla. Pycraft
(1903:11) called this space the lachrymonasal fossa.
The conjunctival cavity of the pigeon does not appear
quite as extensive as that in the chicken; it reaches nearly to
the peripheral edge of the sclerotic bones. The lids were
deflned as the skin overlying the conjunctival cavity; in the
pigeon the mobile upper and lower lids lie well within the
limits of the conjunctival cavity, but there is some restriction
of what have generally been considered here as stationary
parts. The upper mobile lid is folded under the stationary
part along the line shown in figure 18. The lower mobile part

Postorbital region.—The anterior and posterior boundaries
of the postorbital region have been identified already (figs.
18 and 19). The ventral boundary, as in other birds, extends
from the inferior tip of the paroccipital process to the dorsal
tip of the postarticular process and shares part of its boundary with the malar region.
Auricular region.—The external ear opening in the pigeon
is nearly round, but its caudal margin is pushed inward by a
muscle and tendon that pass beneath the soft tissues. The
short external canal extends downward to the osseous portion
of the external ear and the middle ear, as indicated by dashed
lines in figure 18 and the rim of bone in figure 19. Its lower
margin overlaps a small portion of the malar region. The
internal ear is located chiefly in the postorbital region, but
the semicircular canals, shown by the dashed lines, underlie
the base of the head and extend dorsocaudally to the crown
region.

REGIONS OF THE HEAD
Nasal region.—In the pigeon, the nasal region is elongated
and narrow. Although it has the triangular shape similar to
that in other birds, the dorso ventral margins are close
together and nearly parallel. Anterior to the orbital region,
the caudal end of the nasal region expands; the most inferior
portion lies beneath the orbital region and immediately
opens into the choanae. The caudodorsal corner is below the
mesethmoid. Whether an aperture leads from this portion
of the nasal cavity to the pneumatic cells of the mesethmoid
and frontal bones was not determined.
The external nasal opening is broadly dilated at the anterior tip but is compressed to a narrow slit at the caudal end.
Membranous keratin lies above the nasal opening at the anterior end of an overhanging scale, or operculum. This tissue
merges into the thickened white cere that saddles the nasal
arch (fig. 18). The tissue of the cere is soft, and its white color
is due to a flaky thickening of the stratum corneum that has
sufficient opacity to obscure the red of the dermal blood
vessels.
Coues (1903:107) observed that a cere is found in parrots,
in birds of prey, and in plovers. He questioned whether the
term could properly be applied to pigeons, and perhaps it
should be regarded as part of the head rather than the beak.
He mentioned that sometimes the cere is feathered as in the
extinct Carolina Parakeet (Conuropsis carolinensis). Beddard
(1898:5) defined the cere as ^^ . . simply the basal part of
the beak which has remained soft.'' According to this definition, the term appears applicable to pigeons. Mayaud
(1950:8) listed the Columbiformes as one of the orders in
which a cere is present.
The fleshy inferior edge of the cere follows the edge of the
operculum and is folded inward along the edge of the jaw.
The caudal margin makes an abrupt transition to feathered
skin of the nasal region and forehead. The cere may provide
protection for the elongated nasal fossa. It is possible to
readily penetrate the nasal cavity through the cere (fig. 374,
p. 593) ; it is very easily done through the thin skin of the
feathered area immediately caudal to the cere.
The paired internal nasal openings, or choanae, are elongated double slits readily visible within the roof of the oral
cavity. The caudal ends of the choanae lie beneath the globe
of the eye.
Oral region.—The upper beak of the pigeon is slightly
epignathous and is relatively short because it ends caudally
at the nasal opening and cere. The culmen therefore has a
uniform curvature. At the caudal end of the upper beak, a
low rugosity sometimes is present on the nasal arch, in a
position similar to that of the beak tubercle of the turkey and
Great Horned Owl. The maxillary tomium is straight or
slightly undulating. The gonys has a shght curvature and is
relatively short. The hard keratin of the lower beak continues caudally as two narrow pointed extensions, each
following a margin of the lower jaw. The upper extension
merges into the mandibular rictus. The mandibular tomium
is essentially a straight line. In the pigeon, we separated
oral and pharyngeal cavities on the basis of similar features
found in other birds.
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Ricial region.—The rictus in the pigeon is a simple fold that
extends along the edges of the jaws. The rostral end of the
maxillary rictus originates below the cere; the mandibular, at
about the same level on the lower jaw. The rictus is shaped
somewhat like that of the Common Coturnix; it is closely
attached to the edge of the upper jaw and makes approximately a right angle where it turns downward to join the
lower jaw which it approaches at a small angle. The caudal
edge of the gape is fleshy and slightly thickened. Posterior to
this is a small area of relatively thin skin. The caudal boundary of the rictus can be established more easily by examining
the inner surface of the oral cavity than the outer surface.
The bulge produced by the levator muscles of the lower
jaw protruding into the buccal cavity marks the caudal end
of the rictus. On the outer surface of the rictus as well as on
the surface of the mandibular malar region especially in the
interramal region, the skin has a white flaking that is similar
to that of the cere but is not so abundant.
Malar region.—The soft tissues caudal to the beak and
overlying the upper and lower jaws form the malar region in
the pigeon. The angle formed by the forward and hind parts of
the jaws is reflected in the angle between malar regions and
beaks.

Ventral surface of head
Interramal region.—The interramal region is readily
located, and in the pigeon it is bounded on the basis that was
used for other birds already described. The flaked white
character of the deplumed skin has already been mentioned.
Hyoid region.—Dissections, X-ray photographs, and palpation demonstrated that the two bones of the cornu of the
hyoid were arranged almost in a straight line in the pigeon.
In other types of birds examined thus far, the epibranchial
bone and cartilage made an angle with the ceratobranchial,
epibranchial bone thereby takes a position in the angle between the base of the head and the beginning of the neck. In
the pigeon the ceratobranchial parallels the lower margin of
the mandible and, as shown in figure 18, is tilted downward.
Therefore, in passing around the lowest point of the angular
bone, the epibranchial directly crosses the muscles of the
neck rather than arches upward along the postarticular
process and the superior nuchal line.
In species of birds already studied, the boundary line
between the dorsal and lateral regions of the neck extends
to the hyoid region and ends there. It has already been
recognized that the hyoid region is part of the neck as it
is also part of the submalar region. Therefore, when the tip
of the cornu lies caudal to the head, some of the neck is
visible between hyoid and head. In figure 18 this space has
been crossed by a continuation of the lateral margin of the
dorsal neck region.
Submalar region.—The erect neck and the head set at
right angles to it have produced a broad submalar region in
the pigeon. As a result, the caudal boundary of this region is
longer in the pigeon than in birds illustrated earlier.
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Great Horned Owl

The same detailed investigation was not attempted on this
wild species—Great Horned Owl (Bubo virginianus)—as was
performed on domestic and laboratory species, chiefly
because fresh and preserved material in adequate amounts
was not available. Six skulls and one hemisected, embalmed
head were used. The outline of the auricular region was obtained from an X-ray of the hemisected head as well as from
a study of soft tissues and skeleton.
The Great Horned Owl was included because several
features of the head are considerably modified from those
found in domestic and laboratory birds. The owl should
serve, therefore, as a proving ground for the general applicability of the landmarks and criteria for establishing boundaries of the head. Some of these differences are: (1) In the
the owl the axis of the brain almost parallels the axis of the
neck and therefore is nearly at right angles to the beak; in
the chicken and turkey axes of beak and brain lie nearly in the
same line. (2) The large eye is directed forward at less than
45° from the median plane, thereby producing a large overlap
and giving more than the average binocularity. In most
other birds the lateral placement of eyes permits less binocularity than eyes in the forward position. (3) The eye globe
is supported and constricted by a very large sclerotic ring.
The ring in domestic birds is relatively small. (4) The nasal
region is more complex than it is in domestic birds. (5)
The external ear is expanded to give greater auditory acuity.

In spite of these differences from domestic birds, we found
the landmarks previously described for most regions of the
head to be applicable in establishing boundaries for head
regions in the owl. Thus, we assume that what we describe in
this chapter is generally applicable to wild birds.
Cranium
Forehead region.—The frontonasal hinge in the Great
Horned Owl is readily identified by the overhanging "brow"
of the forehead. This "brow" produces a smaller nasal angle
than is generally found in birds. The lateral boundary of the
forehead extends outward and cuts back abruptly (fig. 23)
as it follows the lateral margin of the frontal bone. The
anterior thickened portion has a flattened lateral surface
(flg. 22) that supports the broad sclerotic ring.
The anterior end of the brain reaches the plane of the most
constricted part of the frontal bone and, therefore, the
caudal limit of the forehead is easily identified by palpation.
On the other hand, this boundary has no relationship to the
lid slit as it has in birds previously examined. In fact, the
transverse plane of this boundary crosses the sclerotic ring
and the lower end of the external ear opening (figs. 21 and 23).
In spite of this seeming caudal extension of the forehead,
it is short in the owl.
Crown region.—The dome-shaped crown of the owl protrudes upward and backward, conforming to the upper
surface of the brain. This tends to bring the caudal part of
the crown in the same plane as the base of the head (figs. 21
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21.—Right side of the head of the deplumed Great Horned Owl {Buho virginianus) showing regions. See figure 3
for significance of dashed lines. Abbreviation: reg(s)., region(s).
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b., bone; n., nerve; proc, process; reg(s)., region(s).

FIGURE

and 22). The caudal margin, namely, the superior nuchal line,
is barely palpable. Except for a small dip downward in the
midline, it projects directly laterally and then curves ventrally to end at the inferior tip of the paroccipital process.
The lateral margin of the crown is a line arbitrarily curved
downward to meet the line that bounds the base of head and
continues on a short distance to the tip of the paroccipital
process.
Base of head.—The superior nuchal line in the owl forms
the dorsal and lateral boundaries of the base of the head. The
fusion of skull bones is so complete that there are no observable traces of suture lines for frontals, parietals, occipitals, or the parabasisphenoid. It is assumed that the
irregular ridge that joins the inferior tips of the paroccipital
processes caudal to the condyle represents a close approximation to the exact ventral boundary for the base of the
head. As in other birds studied, the base of the head in the
owl is masked by the muscles and bones of the neck.
Face
Orbital region.—The fact that the globe of the eye in the
owl is directed forward at approximately a 45° angle to the
midsagittal plane of the head foreshortens the margin of the
globe when seen in lateral view. The eyes of owls are supported by broad sclerotic plates, and like the globe are foreshortened also when viewed laterally (figs. 23 and 24). The
circular boundary for the orbital region has been drawn (figs.
21 and 22) so as to follow the proximal margin of the sclerotic

ring on both its outer and inner margins as well as the osseous
limits of the orbital fossa.
Examination of the skull shows that the base of the globe
rests against the caudal wall rather than against the medial
wall of the orbital fossa. As in other birds, the anterior
margin of the owl's skull is the column of the mesethmoid
that offers some support to the large globe by a bony extension, the pars planum (fig. 22).
The owl's eyeUds are large, and both may move toward
each other in closing. Sometimes, however, only one lid
moves—the upper lid closes to meet the lower and sometimes
the lower lid lifts to meet the upper. The closed lid slit
crosses the upper third of the eye. Both upper and lower fids
have stationary as well as mobile portions. The nictitating
membrane is folded largely along the dorsal margin of the
conjunctival cavity.
Suborbital region.—A suborbital region might be considered
nonexistent in the owl. One can project tangents from the
anterior and posterior margins of the globe, perpendicular
to the malar region and thus produce an anterior and a
posterior triangular corner as was done for the pigeon. These
areas, however, are so small that it may be better to omit a
suborbital region altogether for this group of birds.
Postorbital region.—The postorbital region is long and
narrow because of the large size of the eye and the vertical
slope of the crown. The boundaries have the same landmarks
that were established for other species and need not be repeated here.
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Auricular region.—The ear of the owl differs from that in
other birds by the large size of the external canal. Although
birds have no auricle, the flap of skin that bears feathers and
is supported by the broad postorbital process serves this
function for the owl; the external ear opening is an elongated,
flattened oval. In other species of birds, this opening has
always been located within the postorbital region, but in the
owl it lies in the orbital region (figs. 21 to 24). This structure is
well shown in figure 24, where a small amount of radiopaque
material was applied to the edge of the opening. The sclerotic
plates are visible beneath the opening. Dissection through
the anterior wall of the ear canal confirms the same conclusion, that the ear opening overlaps the bones of the eye
and hence lies within the boundary of the orbital cavity.
The soft portion of the ear canal dips downward abruptly to
the osseous portion located between the quadrate bone and
the paroccipital process. The shadow of the quadrate is
shown in figure 24, and because the middle ear region is
caudal to this, it lies superimposed on most of the semicircular canals. These canals are shown clearly in the X-ray,
and in figures 21 and 22 they are represented by dashed
lines, not far beyond the osseous margin of the external and
middle ear. As judged by the dashed lines enclosing the
semicircular canals in figures 6, 14, A, and 19, the placement
of these canals and their relationship to the middle ear
vary widely among species of birds.
Nasal region.—The external nasal opening in the owl is
relatively small, approximately round, and placed high on the
I

beak. As indicated by the placement of boundary lines in
figures 21 and 22, the extent of the nasal region is short and
high, whereas in the pigeon it is long and narrow. The
internal structure of the nose is too complex to discuss beyond
the fact that the large maxillary bulla restricts the lower portion of the nasal cavity and that the transverse shelf between
ossified septum and outer wall of the prosopium produces a
blind passage that extends to the forward end of the beak.
For the anterior two-thirds of its length, the common
choana in the owl is a narrow slit; the posterior third is an
oval passageway. The vomer in the owl is similar to that of
the pigeon and is limited to a small triangular bone that is
attached to the infolded scrolls of the body of the palatine
bone, but continuing from it is a septum of soft tissue wedged
in between the maxillary bullae. The nasal cavity is imperforate and even the osseous fossa is imperforate except
for a small oval area through the septum near the roof of the
nose and another near the choanae. Caudal to the external
nasal opening is a membranous keratin covering the underlying nasal fossa (fig. 21). The owl has no operculum as
occurs in galliforms. The nasal capsule is largely cartilage,
but part of it at the posterior end of the nasal fossa is ossified
in adult specimens.
Oral region.—The owl's upper beak is short and strongly
epignathous. It is covered with hard keratin (fig. 21) as far
caudally as the beginning of the external nasal opening. The
culmen is strongly curved; the tomium is undulating and
curves downward at the tip. The keratin of the lower beak is
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23.—Dorsal view of the skull of the Great Horned Owl {Bubo ñrginianus) with the sclerotic ring in place on the right
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FIGURE

33

REGIONS OF THE BODY AND APPENDAGES
-Margins of external ear opening
Inner proximal edge of sclerotic ring
Outer proximal edge

-Out 1 (jjs,j| £(jgc of sclerotic ring
Inner j

of sclerotic ring

Prefrontal b.
An internal ridge of
brain case

of maxillary b.

Optic n. foramen

External nasal
opening

Postorbital proc.
Semicircular canals
Quadrate
Ampulla

Paroccipital proc,

ossobasthyal joint

Postarticular proc.

Maxillary proc. of palatine b.
Urohyal b.
Mandibular foramen

Epibranchial b.

- Larynx
- Ceratobranchial b.
Trachea

FIGURE

24.—Positive radiograph of the right half of the hemisected head of the Great Horned Owl (Bubo virginianus) ; taken
from the lateral surface. Abbreviations: b., bone; n., nerve; proc, process.

blunt and covers the symphysis. The gonys is slightly curved.
The caudal boundaries of the beaks lie nearly opposite each
other when the mouth is closed, and the keratins of both
merge into the fleshy tissues of the rictus.
On the nasal arch opposite the anterior end of the nasal
fossa, several owl specimens had beak tubercles of varying
degrees of prominence. A possible cause for the tubercles
is repeated trauma at the point of transition from the thinned,
horny keratin to the flexible membranous keratin. The
tubercle strengthens the nasal arch in this region. The membranous keratin lies above the external nasal opening as far
caudally as the beginning of the feathered skin of the nasal
arch, it may represent a cere. In caged owls it is fleshy and
abraded from contact with the cage wall. If repeated injury
to this same area occurred in the wild, it might account for
the exostosis of bone seen in some specimens.
The separation of oral and pharyngeal cavities, in the owl
uses the same landmarks that were described for other birds ;
the location of paraglossobasihyal joint is indicated in
figure 24. The oral portion of the tongue is short, and the
frenulum is attached near its anterior end. The paraglossobasihyal joint lies anterior to the lingual papillae. The best
landmark in this species of owl is the V-shaped separation

between the right and left groups of lingual papillae. The
joint lies just beneath the forward-directed apex of the V.
Rictal region.—The ricti of the owl are narrow where they
extend along the edges of the jaws; at the gape the rictus is
slightly more fleshy. Caudal to the gape the cheek area of the
rictus is small (fig. 21).
Malar region.—The malar region is long and relatively
narrow and ends caudally at the joint of the jaw because the
owl has no postarticular process. The extension of the dorsal
line for the maxillary malar region to the beak is arbitrary
because the fused bones of the prosopium show no suture lines
(fig. 22). The dorsal boundary of the malar region is common
to three other regions—nasal, orbital, and postorbital. The
mandibular malar region corresponds to the lower jaw as far
as the bill, and in figure 21 a dashed line was used to separate
maxillary and mandibular malar regions.
Ventral surface of head
The interramal, hyoid, and submalar regions in the owl
utilize the same landmarks that are described for domestic
birds and, therefore, will not be reiterated. The dorsal tip
of the epibranchial cartilage and bone ends at about the
level of the superior nuchal line (fig. 21).

REGIONS OF THE BODY AND APPENDAGES
Regions for the head were described by presenting the
material for each species in succession. This procedure was
justified because the heads of the various birds sometimes
differ significantly, and it would have been difficult to group

them together under one description. There is considerably
more uniformity among species with regard to the other
regions of the body. The remaining body regions will be
described mainly on the basis of our studies of the chicken.
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together with such comments as may be pertinent for the
quail, turkey, duck, and pigeon.
Regions and appendages for each kind of bird are presented
in three views—dorsal, lateral, and ventral. There is some
overlap of regions in the three views, but this is desirable
and aids in visuahzing these areas in terms of a three-dimensional body. In dorsal and ventral views, the head and neck are
extended forward, the wings laterally, and the legs caudally.
In lateral view the wing is forcibly elevated, and thus the
ventral surface of the wing is shown. Both wings, both legs,
and the right and left halves of the body are illustrated!
This has been done largely for three reasons: (1) Details of
regions vary somewhat from bird to bird; on the two halves
these variations could be illustrated; (2) comprehension of
regions is somewhat easier if the whole bird rather than a
bisected specimen is illustrated; and (3) it is possible to
distribute labels on the two halves of the body.
Regional boundaries for the head are not repeated because
they have already been described. However, regions on the
ventral surface of the head—interramal, hyoid, and submalar—are repeated, because this view shows them more
clearly than the lateral view. In addition, dashed lines have
been drawn to separate approximate oral and pharyngeal
portions of the submalar region.
Dashed lines are used in other parts of the body in two
ways: (1) To mark the location of such joints as shoulder,
knee, phalangeal, etc., and (2) to show separation between
parallel bones and to indicate the region associated with each
bone, such as the ulnar and radial regions of the forearm and
the region of each phalynx of the manus.
In studying the regions of the head, a look at the skeleton
of the parts was found useful. In addition, some knowledge
of the remainder of the skeleton is necessary in order to
associate region boundaries and palpable bones. Therefore,
some major landmarks are shown in figure 25 for the Single
Comb White Leghorn Chicken, Some differences occur between the skeleton of the chicken and that of the turkey,
quail, duck, and pigeon.
A superficial view of the muscles on the left side of the
chicken is shown in figure 26. Like the skeleton, muscles
serve as palpable landmarks in some parts of the body,
especially the ventral surface of the wing, where muscles
and tendons are easily identifiable through the thin skin.
Each of these two organ-systems will be reviewed briefly so
that reference may be made to them in describing body
regions.
The number of vertebrae of the axial skeleton varies
among birds and also among individuals of the same species.
Separation of the vertebrae within the same bird into cervical,
thoracic, lumbar, sacral, and coccygeal varies also because of
a lack of agreement among scientists. The neck of the Single
Comb White Leghorn Chicken is considered here to include
the first 16 or 17 vertebrae. Free cervical ribs, namely those
attached to the vertebrae but not to the sternum, are associated with the last two of this series. The first thoracic
vertebra is defined as the most anterior one with a complete
rib composed of two parts—the upper vertebral member and

the lower sternal member. In the chicken, the dividing
line between neck and thorax, based on type of rib, crosses
the band of fused neural spines. It is possible to palpate, but
only with some difficulty, the space'between the neural spine
of Ci6 and the fused neural spines of C17 and Ti_3. The
pigeon has 14 cervical vertebrae.
Four thoracic ribs are present in the chicken, turkey,
coturnix, and pigeon; hence, the thorax includes but four
vertebrae (fig. 25). Each sternal member of a rib articulates
with a facet on the lateral margin of the sternum. The last
or fourth thoracic vertebra is free and not fused with the
others anterior to it. It is the only freely movable vertebra
in the total length of the back, namely between the base of
neck and the movable coccygeal vertebrae. Caudal to the
four thoracic ribs are usually one, sometimes two ''floating
ribs^' that may have two parts, but the sternal part is
attached to the last thoracic rib rather than to the sternum.
The ribs are palpable, especially at the caudal angle where
vertebral and sternal members articulate. The uncinate
processes also are useful landmarks. Deep palpation through
the overlying pectoral musculature can identify the space
between last cervical rib, its uncinate process, and the angle
of the first thoracic rib.
The lumbar, sacral, and caudal vertebrae between the
bones of the pelvic girdle constitute the synsacrum. The
chicken generally has four lumbar, five sacral, and six caudal
vertebrae. An additional, six caudals plus a pygostyle (the
coccygeal vertebrae of the tail) are external to the synsacrum. Sometimes the separation between the last fused
caudal vertebra and the first free vertebra of the tail can be
palpated accurately, but often it is missed by one. At the end
of the vertebral column is a pygostyle, a tapered bone composed of probably six terminal vertebrae fused together. The
lateral processes of the movable coccygeal vertebrae as well
as the caudal tip of the pygostyle is readily palpable.
The pectoral girdle is composed of three bones on each
side arranged somewhat like a tripod (fig. 25). The slender,
curved clavicles, or furcula, extend from the region of the
shoulder joint to the midline where they join in a flattened
plate, the hypocleidium. Practically all of the 'fishbone''
is palpable. A strong robust bone that arises also in the
shoulder region and articulates in a deep groove along the
anterior edge of the sternum is the coracoid. Only the dorsal
end of the coracoid is palpable; the remainder is covered
effectively by the thick pectoral and supracoracoid muscles.
The third bone of the girdle is the scapula, a slender flattened bow-shaped blade whose anterior end is not palpable
because it is beneath the shoulder joint under the heavy
musculature of this area. The remainder of the blade is
readily palpable; the caudal tip may sometimes elevate the
skin slightl}^
The pelvic girdle has numerous palpable surfaces, margins, and points. The anterior end of the ilium (fig. 25) is
a shovel-shaped blade, the anterior edge of which can be
palpated through overlying muscles. The median dorsal
ridge lies just beneath the skin and the lateral margin of the
dorsal plate. The latter is located in the postacetabular part
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FIGURE

25.—Lateral view of the skeleton of the Single Comb White Leghorn Chicken. Abbreviations: C, cervical vertebra;
Coc, coccygeal vertebra; L., lumbar vertebra; T., thoracic vertebra.

of the ilium and is covered merely by the thin sheet of the
iliotibialis tendon so that it also is readily palpable. At the
posterior end is the iliocaudal spine.
At right angles to the dorsal plate is the lateral plate, the
upper half of which is ilium and the lower half ischium;

the lower caudal angle of the latter is the ischiatic process.
The margin between the iliocaudal spine and ischiatic
process is readily palpable. The terminal end of the pubis is
particularly prominent. The more anterior parts of this
slender bone are too well covered by muscle to be palpated.

36

CHAPTER 1—TOPOGRAPHIC ANATOMY

The sternum of carínate birds is a broad plate from the
ventral surface of which there projects a large keel, or
carina. In the chicken, turkey, and quail, deep incisures cut
into the horizontal plate. These incisures, or notches, (fig, 25)
produce an anterolateral process and a posterolateral process of the sternum. The latter is divided into lateral and
medial parts. All processes are palpable. The caudally
directed processes are readily visible through the skin, but
the anterior one is covered by the massive breast musculature. The ventral margin of the keel is quite obvious from
the carinal apex to the caudal end. The edge of the sternal
spine (fig. 25) can be felt by pushing a finger into the the
thoracic inlet, especially when the crop is empty. The
sternal spine lies at the anterior end of the sternum and
represents a vertical fusion of right and left sternal plates.
The shoulder joint is not palpable, but it can be approximated when the wing is moved manually and the location
noted in muscles that move and those that do not. For this
type of information X-ray photographs are more exact. The
bicipital crest of the humérus is readily palpable. Distally
the shaft of the humérus can be readily felt between the
mm. biceps hrachii and triceps humeralis.
The radius and ulna can be palpated beneath the overlying muscles, but the details are vague. This is especially
true where the tendons are attached to the bones of the
carpus and manus. X-ray photographs were an indispensible
tool in these studies where the results of palpation seemed
indefinite.
The trochanter of the femur is particularly prominent;
some of the shaft may be identified by palpation on the
medial surface and, of course, the condyles are readily
apparent in most of their details. The patella, suspended by
strong tendons, is not sharply defined, whereas the cnemial
crests are very prominent. The upper end of the fibula can
be located only approximately, but the condyles of the
tibia among the long tendons of the foot are readily palpable
and bulge outward beneath the skin.
The hypotarsus, a caudal projection of bone attached
to the upper end of the tarsometatarsus, protrudes the
scales of the metatarsus (instep of the foot), but the strong
tendons of this region make exact palpation somewhat
difficult. The toes and their phalanges are readily identifiable,
but the distal end of the tarsometatarsus bone (fig. 25) is
obscured by the thick metatarsal pad (fig. 28). Likewise, the
location of the two ends of the accessory metatarsus (fig. 25)
requires considerable manual manipulation.
With these skeletal landmarks in mind, it is possible to
locate consistently the boundaries for regions of the
avian body. The superficial muscles serve the same purpose,
but they are somewhat less useful than bones because their
plasticity allows deformation, and because the fascia around
and between muscles tends to create smooth surfaces from
muscle to muscle. Even after removal of the skin, distinctions between muscles are not always readily apparent.
The boundaries of the thigh follow the anterior margin
of the m. sartorius and the posterior margin of the m. semi-

tendinosus. The anterior angle of the elbow region is identified with the angle between m. biceps brachii smd m. extensor
metacarpi radialis. Two of the three margins of the prepatagium (propatagium, see footnote 12, p. 57) are established by these same muscles. Arbitrarily the caudomedial
margin cuts across the mm. propatagialis longus et brevis
and the pectoralis propatagialis. The palpable trachea,
esophagus, and crop as well as the triangular fossa of the
thoracic inlet are useful landmarks.

Neck
The neck (coUum) is cylindrical and joins head to thorax.
Its bony support among bird species ranges from 8 to about 26
cervical vertebrae (Coues, 1903:98). The column of bones is
enclosed in muscle, and below this lie the pharynx, larynx,
trachea, esophagus, and crop. Just as the number of vertebrae
is variable, so is the length of the neck. As pointed out by
Coues, the neck length is in direct proportion to leg length.
In addition, the neck must be long enough that the beak can
reach the oil gland. Some small birds appear to have relatively
short necks, and when covered with plumage, their heads
seem to rest on the shoulders with no sharp line of
demarcation to distinguish neck and trunk. The typical
sigmoid shape of the neck (S-curve or reverse curve) in
long-necked birds is well shown in the deplumed chicken
(figs. 26 and 28), turkey (fig. 31), and duck (fig. 37). The
curve is present to a lesser degree in small birds.
The vertebrae forming the curve may be divided into three
parts: An anterior group—composed in the chicken of atlas,
axis, and the two following vertebrae—forms the top horizontal part of the sigmoid curve; a middle group of six vertebrae forms the vertical portion; and a caudal group of seven
vertebrae, of which the caudal 5 to 53^ He between the
shoulder joints, forms the lower, horizontal part. In the
turkey the curve of the neck is a smooth S-shape, and it is not
possible to assign the point of ñexion with any particular
vertebral joint. The White Pekin Duck has one flexure near
the base of the head and another a short distance in front of
the shoulders (fig. 37). The necks of the Common Coturnix
and pigeon tend to be less curved (figs. 34 and 40), at least
as the bird holds its head and neck when standing in an
erect postion. In the pigeon the upper cervical flexure tends
to be absent because the base of the head tends to be horizontal instead of vertical (figs, 18 and 19), and the neck without making a signifcant bend is already placed at right angles
to the axis of the beak.
There are four longitudinal surfaces of the neck—dorsal
(dorsum colli), ventral (venter colli), and two lateral (latis colli)
right and left. The boundaries of these areas are somewhat
arbitrary because the surfaces represent four sectors of a
circle as indicated in figure 1, il. The dorsal neck as an organ
includes the dorsal skeletal and muscular tissues that extend from the base of the head to the first thoracic vertebra.
The upper third of the dorsal neck is anterior dorsal region,
or nape, (dorsum anterius colli) ; the lower two-thirds is poste-

37

REGIONS OF THE BODY AND APPENDAGES

M. abductor médius
M. abductor indicis
M. adductor indicis
M. intcrosscous palmaris
M. flexor digiti IV

M. levator palpebrae superioris
M. depressor palpebrae inferioris ■
M. adductor mandibulae -

M. abductor médius
deep head
~1

M. depressor mandibulae -:

superficial head _J

M. mylohyoidcus .
M. stylohyoideuB —
M. rectus capitis lateralis —
M. complexus—

imelacarpalis dorsal is

M. flexor digitorum sublimis
M. flexor digitorum profundus
M. extensor longus digiti III
M. flexor carpi ulnaris

Mm, rectus capitis superior M. rectus capitis ventralis, pars lateralis -

■M. pronator sublimis
M. extensor metacarpi radialis

M. flexor coUi brevis —
Inscriptio lendinca Mm. intertransversarii -

M, entepicondylo-ulnaris
M. biceps propatagialis

M. longus colli ventralis—

M. brachialis

M. biventer cervicis -

■M. biceps brachii

M. propatagialis longus et brevis M. pectoralis propatagialis ■M. rhomboideus superficialis

Mm. spinalis cervicis -

M. latissimus dorsi anterior

Mm. ascendentes cervicis-

M. latissimus dorsi metapalagialis
M. latissimus dorsi posterior
M. quadratus luirbrorum

., ,
M. iliolrochantericus
M. longissimus dorsi
Reg. of hip joint
M. iliotibialis
M. levator coccygis
M. levator caudae
-M. semitendinosus
M. depressor coccygis
M. levator cloacae
M. Iransversus perinei
M. sphincter cloacae
M. piriformis. pars caudifemoralis
M. depressor caudae
M. biceps femoris
M. semimembranosus
M. reclus abdominis
M, pectoralis thoracica

M. gastrocnemius (tendon)
- M. peronaeus brevis
M. flexor hallucis brevis .
5 tarsometatarsusM. extensor digitorum longus-

- M. peronaeus longus
- M. flexor hallucis longus
- M. flexor perforans et perforatus digiti 111

M. extensor hallucis longusM. abductor digiti II ■
M. extensor proprius digiti 111 ■
M. flexor perforatus digiti
M. flexor perforatus digiti

M. flexor perforatus digiti IV
M. flexor digitorum longus
M. extensor digitorum longus
M. abductor digiti IV
M. flexor hallucis brevis
M. flexor hallucis longus

M. flexor digitorum longus

/?.^.£^^//Vé—

FIGURE

26.—Lateral view of the superficial musculature of the Single Comb White Leghorn Chicken. Abbreviations: ÏÀg,^
lÂgamentum; Aí(m)., Musculus{i)] Reg., Region.
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rior dorsal region, or scruff, (dorsum posterius colli). The
separation for these two is somewhat arbitrary and is associated more with the curvature of the upper neck than with a
particular vertebra.
The ventral neck has often been called the throat of the
plumed bird but, as discussed on page 18, it is anatomically
equivalent to the pharynx because of overlap between the
oral region, pharyngeal region, larynx, and upper trachea.
It has not been possible to divide the under surface of the
head and upper ventral neck into areas having simple, readily
understandable boundary lines that are strictly, anatomically correct. For this reason the term ''interramal region"
was applied to that area in the plumed bird often named
''chin'' and ''submalar region" to that area which has been
named ''throat." Caudal to the submalar region is the short
anterior ventral region {regio anterior colli veniralis), and
this area together with the submalar region constitutes what
the authors understand Coues (1903) included under the
term "guiar region," and the longer posterior ventral region
{regio posterior colli ventralis) sometimes has been designated
the " jugal region." This division into two parts has not been
applied to the pigeon or quail because their necks do not have
a well-defined sigmoid shape.
The foregoing brief review of the skeletal system revealed
that the neck extends caudally beyond the shoulder and this
fact introduces some difficulties in naming the parts of the
trunk. On the drawings, two boundaries for the caudal end
of the neck have been indicated: The arbitrary boundary
between neck and trunk is shown by a solid line; the anatomical boundary between neck and trunk, by a dashed line.
The area between the two is what the authors call the interscapular neck. The anterior of these two boundaries has been
placed to cross the dorsal neck in line with the anterior
margins of the shoulders. One thinks of this among mammals
as the dividing line between neck and thorax, but in birds
the pectoral girdles extend forward beyond the base of the
neck by several vertebrae. Thus, the base of the neck lies
considerably caudal to the anterior margin of the wing. The

anatomical boundary of neck and body has a fairly constant
relationship to the scapula. In skeletons of both domestic and
wdld birds examined,^ a transverse line at the caudal end of
the neck crosses the scapula in its middle third.
Chicken
The anterior dorsal region of the base of the neck in the
chicken has an anterior boundary formed by the junction of
^The skeletons examined were those of: Great Blue Heron {Ardea
herodias), Horned Grebe (Podiceps auritus), Whistling Swan (Cygnus
cohimbianus), Canada Goose (Brania canadensis), Ring-necked Pheasant (Phasianus colchicus), Single Comb White Leghorn Chicken,
Chukar {Alectoris chukar), American Woodcock (Philohela minor),
Bonaparte's Gull (Larus Philadelphia), Common Pigeon (Columba
livia), Budgerigar (Melopsiüacus undulatus), Blue Jay (Cyanocitta
cristaia), Cedar Waxwing (Bomhycilla cedrorum), and Rose-breasted
Grosbeak (Pheucticus ludovicianus).

crown and base of head (fig. 27). The right and left lateral
boundaries are approximately parallel in the area between
head and shoulder (fig. 28). The basis for placing these lines
was (1) that the lateral boundary should He directly above the
edge of the underlying skeletal and muscular neck, and (2)
that the dorsal neck should occupy approximately onequarter of the neck as seen in transverse section. At the
level of the shoulder region, the lateral boundaries diverge
and follow the cervicoalar grooves^^ as far caudally as the
transverse line between anatomical neck and thorax.
In the chicken are four transverse boundaries for the dorsal
neck region {regio colli dor salis), all of which have been mentioned: (1) anterior boundary at the base of the head, (2)
separation of anterior and posterior dorsal regions, (3)
arbitrary boundary between neck and trunk, and (4) anatomical boundary between neck and thorax. The term ''interscapular region'' {regio inter scapular is), was selected to
designate the basal end of the posterior dorsal neck because
it corresponds approximately to the area occupied by the
interscapular tract. Of course, similar names should be used
for similar areas, except where they cause confusion.
The lateral neck region {regio colli lateralis) is somewhat
more difficult to define than the dorsal region; this will become evident as the description proceeds. The anterior boundary is the base of the head (fig. 28). It includes the dorsal
part of the hyoid region but, as already indicated in the
discussion of the regions of the head, it seems desirable to set
the hyoid region apart even though it does overlap part of the
submalar and part of the lateral neck regions.
The dorsal boundary of the lateral neck region in the
chicken is shared with the lateral boundary of the dorsal
neck region and has already been defined. However, it should
be noted that the lateral boundary passes above the cervical
patagium {patagium cervicale) as far as the shoulder region.
The caudal boundary of the lateral neck shares a common
boundary with the anterior margin of the shoulder {omus).
This boundary crosses the cervical patagium ventrally along
the curvature of the shoulder to intersect the ventral margin
of the lateral neck region. Three facts should be noted: (1)
That the lateral neck region includes the cervical patagium;
(2) that the posterior boundary of the lateral neck region is
not located as far caudally as the posterior boundary of the
dorsal neck region; and (3) that there is no transverse boundary separating anterior and posterior parts.
The ventral margin of the lateral neck region is described
under the topic of the ventral neck, which begins at the submalar region (figs. 28 and 29) and extends to the infracaudal
end of the thoracic inlet {transitus thoracatus). The ventral

i*^As far as the authors are aware, the term ''cervicoalar groove"
( fossa cervicoalaria) is introduced here for the first time. It is the groove
that is produced by the junction of the wing musculature and trunk
where the wing is extended. Caudally, the groove flattens out to merge
with the contour of the dorsal body surface. It may be poorly shown
in specimens with a large amount of adipose tissue in the cervical
patagium (patagium cervicale).
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27.—Dorsal view of a male Single Comb White Leghorn Chicken showing regions. Abbreviations: reg(s)., region(s);
s., synonym.
^
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neck region {regio colli ventralis) is divided into two parts:
A short anterior ventral region and a longer posterior ventral
region. The transverse Hne separating them is located at the
inside curve of the first bend of the neck (fig. 28). The caudal
end of the ventral neck region is not a transverse line, but is
a V-shaped boundary that generally follows the muscles
overlying the clavicle. The apex of the V is located at the
inner edge of the hypocleidium (fig. 29). The lateral boundaries of the ventral neck region are parallel for most of their
length but flare outward at the caudal end to participate
in the common junction of lateral and ventral necks, shoulder
region, and proventer.

arch backward as in the chicken before turning downward,
and this gives to the neck but a single flexure (fig. 34). Even
when the neck is strongly retracted over the body, the upper
flexure has its greatest prominence at the base of the head
rather than several vertebrae beyond. For these reasons,
boundary lines between the anterior and posterior dorsal
and the ventral neck regions have been omitted in this
species. This same procedure was followed in the pigeon.
The cervical patagium (fig. 33) has some fat but not
enough to give it a rounded character as in the domestic
turkey. The regions and their boundaries are similar in other
respects to those of the two galliforms already described.

Turkey

White Pekin Duck

The regions of the neck in the turkey will be discussed only
on points wherein they differ from those of the chicken.
The carunculate skin extends down the neck somewhat less
than half way to the shoulder (figs. 30 and 31). Caudally, the
caruncles are of increasing size, and they are largest at the
junction between the bare area of the neck and the beginning
of the plumage. However, the seeming bare head and neck
bear widely distributed small bristle and contour feathers
arranged in rows (fig. 217, p. 324).
In the turkey the dorsal neck region broadens in its caudal
half or two-fifths, and its lateral boundaries continue into the
cervicoalar grooves. The arbitrary and anatomical boundary
between neck and trunk is the same as in the chicken, and the
last cervical vertebra is fused with the dorsal spines of the
thoracic vertebrae. The lateral neck region is similar to that
of the chicken but, because the cervical patagium may contain so much fat, this web of skin may be a thick pad between
lateral neck and shoulder as shown in figure 32.
The ventral neck region is divided into anterior and
posterior parts as in the chicken. In the posterior part a
beard—a tuft of stiff keratinous filaments—projects downward from the midventral area. The filaments are implanted
in an elevated oval of skin laterally compressed and free from
feathers. We followed the '^ American Standard of Perfection'^
(1938-40), Marsden and Martin (1949), and Schorger (1957)
in use of the term "beard'' (barba), Bulliard (1926) referred
to it as a brush.
The dewlap—wattle or throat wattle (palear)—is usually
small in the wild Meleagris gallopavo but is well developed in
the domestic Bronze Turkey. It begins in the interramal
region, extends along the midline of the submalar region^ and
continues on the anterior ventral neck to near the caudal end
of the carunculate area.

The flattened pontoon form of the duck modifies the shape
of some regions. There is a definite double flexure of the
long neck (fig. 37) ; thus it has anterior and posterior parts of
the dorsal and ventral regions (figs. 36 to 38). The neck is
slender, hence the dorsal, ventral, and lateral regions are
narrow and have parallel boundaries. At the caudal end these
boundaries diverge slightly.
Because of its large content of fat, the cervical patagium
occupies the full width of the lateral cervical region at the
base of the neck. This situation is similar to that in the
turkey. The fat continues on to the dorsal surface of the
shoulder, and this decreases the depth of the cervicoalar
groove.
A transverse line across the dorsal surface of the neck at the
level of the extreme forward end of the shoulder marks the
arbitrary boundary of neck and trunk. The anatomical
boundary is established by the junction of last cervical and
first thoracic vertebrae. These are not fused in the duck as
in the chicken and turkey, but innumerable ossified tendons
lie along the sides of the neural spines and bridge the spaces,
giving them rigidity. These spicules of bone make it difficult
to palpate the spaces between spines, therefore the best
reference point is the middle of the scapula. It is interesting
to note that in commercial processing of duckHngs, the neck
is severed just in front of the last cervical rib—in other words,
about one vertebra anterior to the anatomical boundary of
neck and trunk. The interscapular region, which is the basal
end of the dorsal neck, is approximately four and one-half
vertebrae in length. Because of the semicircular shape of the
fused clavicles in the duck the caudal boundary of the
posterior ventral neck is rounded (fig. 38) instead of forming
an angle as in the chicken.
Common Pigeon

Common Coturnix
This species of laboratory bird has a shorter neck relatively
than the chicken or turkey (figs. 33 to 35). The neck does not

FIGURE

In the pigeon, as in the Common Coturnix, the base of the
head Hes beneath the skull and nearly at right angles to its
axis. The vertical portion of the neck approaches the head

28.—Left lateral view of a male Single Comb White Leghorn Chicken showing regions. Abbreviations: reg(s).,
region(s); s., synonym.
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from below and does not make an S-shaped curve^ although
the rounded surface of the crown gives the impression of
curvature to the upper neck. Therefore, the dorsal and ventral
neck regions have not been subdivided into anterior and
posterior parts. A small amount of fat is present in the
cervical patagium, but it is minimal enough that the lateral
boundaries of the dorsal region continue without interruption into the cervicoalar groove. This patagium is well shown
in dorsal and ventral views (figs. 39 and 41). The boundaries
of the four neck regions fit the same description that was
applied to the birds described earlier, so need not be reiterated.

Trunk
The trunk (truncus), or body, of birds is built upon the
same plan as that of mammals, namely, two major parts—
thorax and abdomen. In their evolution from reptiles,
however, birds did not attain the same degree of separation
among the visceral organs as did the mammals. As a result,
there can be no simple transverse plane in birds that will
separate the thorax from the abdomen. For this reason,
thorax and abdomen and, in addition, the pectoral and pelvic
girdles are combined under one term, ^Hrunk^' (truncus).
The separation between appendages and body is partly
arbitrary; the line of separation for the wing follows the angle
between it and the body, whereas the boundary for the leg
follows approximately the edge of the anterior and posterior
thigh musculature.
There are four surfaces of the trunk of a bird—dorsal,
ventral, right lateral, and left lateral. Each surface of the
body has two parts—anterior and posterior. The authors
considered the numerous names in the literature for the
various parts of the avian trunk and concluded that there
appeared to be no alternative than to introduce six new
terms into the avian literature. These are short and selfevident :
Prodorsum
Postlatus (right and left)
Postdorsum
Proventer
Prolatus (right and left)
Postventer
These names do not exclude the use of synonyms when they
are applicable, such as Coues' (1903:100) term ^^notaeum'^
described as follows :
Beginning where the neck ends and ending where tail coverts
begin . . . , this part of a bird is subdivided into back (Lat.
dorsum . . . ) and rump (Lat. uropygium . . . ). These are in
direct continuation of each other, and their limits are not precisely defined. ... In general, we shall call the anterior twothirds or three-fourths of notaeum 'back' and the rest 'rump'.

In reference to Pteranodon, a flying reptile, Eaton (1910)
applied the term ^^notarium'' to a group of eight vertebrae
following the last cervical that were fused together by a
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supraneural plate and by paired osseous unions of the transverse processes. The term ^^dorsum'^ was applied to the
vertebral members of the rib cage—all vertebrae caudal to the
neck—except those of the tail and the bones of the pelvic
girdle.
We have attempted to give exact criteria for the terms
introduced here, based on the external shape of the deplumed
bird and the use of underlying bones as palpable landmarks.
The term ''dorsum'' includes the surface of the back,
beginning with the shoulder and ending with the caudal
indentation (incisura caiidalis), namely the constriction that
marks the separation of body and tail. Dorsum, therefore,
includes the interscapular neck and the interpelvic tail
(fig. 27). The interscapular neck has already been defined as
the caudal end of the neck beginning at the anterior end of
the shoulders and ending at the last cervical vertebra, even
when this vertebra is fused to the first thoracic vertebra.
It will be necessary to define the term '^caudal vertebrae''
before a definition can be given for the internal and external
parts of the tail. These vertebrae lie immediately caudal to
the sacrais. Some of them are fused with the iha, but those
beyond are free. Of the free group, some lie within the caudal
boundary of the body; the others—those distal to the caudal
indentation—lie beyond the trunk to form the tail proper. The
authors arbitrarily name the first free vertebra that follows
the synsacrum, the first coccygeal vertebra. The interpelvic
tail (cauda interpelvina), or internal tail, is that area beyond
the synsacrum but anterior to a line joining the tips of the
ihocaudal spines. Laterally the internal tail is bounded by the
ilia (figs. 25 and 27). The internal tail obviously is not an
anatomical part of the caudal end of the trunk, just as the
interscapular part of the neck is not part of the anterior end
of the trunk. Of the birds we have examined, only the chicken
has an internal tail. In most birds the internal tail is absent
because the ilial bones end caudally at about the same level
as the last synsacral vertebra.
The terminology is awkward, for under certain circumstances we may wish to refer to trunk and include the proximal neck and tail; in other circumstances, to exclude them.
Rather than introduce new terms, it seems desirable to use
the term ''trunk'^ in the broad sense; when excluding neck and
tail, then specifically to indicate that this is done. Fortunately, the problem arises only when dealing with the dorsal
regions of the body. The lateral and ventral regions lie below
the level of neck and tail and, therefore, are not involved.
Some variations occur in the shape of the body. In the
chicken and in most birds, the body is laterally compressed.
In the White Pekin Duck it is compressed dorsoventrally;
in the Common Pigeon and domestic broad breasted
turkey, it is approximately round in cross section.
The middorsal line (linea mediana dorsalis) of the trunk

29.—Ventral view of a male Single Comb White Leghorn Chicken showing regions. Abbreviations: b., bone; reg(s).,
region(s); s.^ synonym.
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is slightly humped at the junction between thoracic vertebrae
midsagittal plane to the base of the external tail (figs. 25 and
and the anterior end of the ilial bones. In the American Wood29).
cock (Philohela minor), the downward slope of the rump is
The boundaries of the anterior and posterior halves of the
about 10°, in the pigeon it is about 15°, and in the chicken
back will be described first, including the interscapular neck
and turkey about 20°. The curvature of the rump toward
and interpelvic tail; then the anterior and posterior boundthe external tail is variable; in the chicken and turkey it is
aries will be redefined to exclude these two parts of the body.
nearly a flat plane, but in the Common Coturnix and Blue
The Single Comb White Leghorn Chicken will be described,
Jay (Cyanocitta cristata) it is clearly rounded.
and this will be followed by a brief statement on how the
Thus far, we have discussed the dorsum of the trunk
other bird species studied differ from the chicken.
{dorsum trunci) in general terms; the same type of discussion
is needed for latus {latus trunci) and venter {venter trunci).
Chicken
The shoulder {omus) as seen in dorsal view is part of the wing,
The prodorsum extends from the anterior margins of the
and as seen in ventral view it is part of the prolatal region
shoulders to the anterior ends of the ilial bones. At the
(figs. 27 to 29). In these illustrations, the approximate
shoulder the lateral boundary follows the cervicoalar groove
location of the shoulder joint is shown by dashed lines,
(fig. 27); it extends from here along the Hne of attachment of
based on dissections and an examination of X-rays. For the
metapatagium to the body, and thence directly toward the
placement of boundary hues around joints, the authors
space between the trochanter of the femur (fig. 25) and the
followed the rule that the enlargements of the head of bones
lateral crest of the ilium. The prodorsum includes the
participating in the joint should be included in the region. A
vertebral columns in the interscapular neck and thorax, the
comparison of figures 28 and 25 shows that the heads of the
dorsal parts of the vertebral ribs, and most of the scapulae.
clavicle, coracoid, scapula, and humérus are included in the
The common transverse boundary between prodorsum and
shoulder region. The situation here, in which the shoulder
postdorsum is identified by the anterior end of the ilial bones
is part of the prolatal region {regio prolateralis) and also part
(fig. 25). Each lateral boundary of the prodorsum is palpable
of the wing, is similar to that of the hyoid region, which is
as
a slight depression between the m. sartorius and the m.
part of the submalar and part of the lateral neck regions.
latissimus
dorsi posterior (fig. 26). The tip of the last uncinate
The thigh is not included as part of the postlatal region
process
locates
the point where the transverse boundary
{regio postlateralis), This part of the leg covers most of the
intersects
the
lateral
boundary. The anatomical anterior
postlatal region except for a small area between the caudal
boundary
of
the
prodorsum
is a transverse plane between
border of the thigh and the tail. Included in the thigh are the
the
last
cervical
and
first
thoracic
vertebrae; it meets the
hip region and hip joint. Boundaries for the thigh and postright
and
left
lateral
boundaries
in
the cervicoalar groove
latal region will be discussed under each species studied.
(fig. 27).
The ventral side of the trunk is divided into anterior and
The postdorsum, or rump, includes the remainder of the
posterior parts. The proventer includes much of the clavicle
back,
namely, the entire dorsal plate; the lumbar, sacral, and
and all of the sternum. The transverse boundary between
caudal
vertebrae of the synsacrum; and the interpelvic part
proventer and postventer is determined by the caudal margin
of
the
tail.
Its anterior boundary is the same as the caudal
of the sternum. Because the sternum is large in chicken,
boundary
of
the prodorsum, which has already been described.
turkey, and Common Coturnix, the abdomen is small. More
The lateral boundary of the postdorsum is a caudal continudetails of these regions and boundaries will be given under
ation of the lateral boundary of the prodorsum; it follows
the description of the chicken and other species.
the dorsal margin of the hip region and continues along the
When the legs {membra posteriora) are pulled backwards,
lateral edge of the ilium to the iliocaudal spine (figs. 25, 27,
the covering of skin is usually thrown up into folds or webs
and 28). The posterior boundary of the postdorsum is a
{telae genus). Those in the knee region {regio genus) are
transverse line that joins the right and left iliocaudal spines.
transient folds that dissappear when the leg is moved to
In a strict anatomical sense, the postdorsum has the same
another position. Webs, or folds, may not be important ananterior and lateral boundaries already described, but the
atomical structures, but they have to be taken into account
posterior boundary is different. From the iliocaudal spines
because they are often crossed by region boundaries. See page
this anatomical boundary extends forward along the iliococ63 for a further discussion of web and patagia.
cygeal grooves to the space between last sacral and first cocThe midventral hne {linea mediana ventralis) of the trunk
cygeal vertebrae as shown by dashed lines in figure 27.
extends from the notch of the clavicles, at the hypocleidium,
The right and left sides of the trunk, namely the lata,
posteroventrally to the carinal apex, thence along the edge of
extend from the anterior face of the breast to the caudal
the keel to its midcaudal point on the sternum, and then
indentation (fig. 28). The continuity of each latus is interalong the soft tissues of the abdomen across the vent by its
rupted by the thigh, flattened against the body. The prolata

FIGURE
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are fully exposed when the wings are extended but are
partly covered when the wings are folded. Each prolatus has
four boundaries—dorsal, ventral, anterior, and posterior.
The base of the wing is inserted between the anterior part of
the prodorsum and prolatus; thus in the wdng region, no
common boundary exists between these tw^o adjacent areas.
The dorsal boundary of the prolatus begins at the groove
between the ventral side of the wing and the body. On the
skeleton this boundary falls at about the labeling hne for the
bicipital crest (fig. 25). The boundary continues along the
line of attachment of prepatagium to the shoulder and to the
groove between the brachial and pectorahs muscles.^^ It
follows the groove formed by the junction of metapatagium
to the body; the remainder of the dorsal boundary for the
prolatus is shared in common with the lateral boundary of the
prodorsum, and it terminates at the anterior edge of the
sartorius muscle.
The ventral boundary of the prolatus begins anteriorly
one-third of the distance ventrally from the head of the
clavicle, and it extends downward as a curved line toward the
groin groove {fossa inguinala) where it intersects the caudal
boundary (figs. 28 and 29). The placement of this line is in
part arbitrary, yet it does approximate the lateral edge of the
sternal plate (fig. 25). The anterior boundary of the prolatus
is the curved line that marks the junction of neck and trunk.
The prolatus includes the shoulder region, and they both
share the same anterior boundary.
The definitions for the caudal boundary of the prolatus
and for most of the boundaries of the postlatus and postventer depend upon a fixed position of the hind limb. The
position chosen is that of the Hmb fully extended with the
limb axis at right angles to the body axis. The caudal boundary of the prolatus is a transverse plane at the cephahc end of
the ilium. The boundary follows the anterior margin of the
sartorius muscle across the knee web to the groin groove
where it intersects the ventral boundary. In summary, the
prolatus includes part of the shoulder and most of the rib
cage located below the scapula and in front of the sartorius
muscle, the upper parts of clavicle and coracoid bones, and
the upper parts of the pectoral and supracoracoid muscles.
The postlatus is covered almost entirely by the flattened
musculature of the thigh; only a small triangular area, as
labeled in figure 28, is visible without removal of the thigh.
In order to differentiate between postlatus and thigh it is
"The line separating wing and body can be described in another
way. When the wing is forceably elevated, two distinct pits, or depressions, associated with the underlying musculature are produced (figs.
24, 26, and 28). We named these depressions ''anterior and posterior
axillary fossae" {fossa axillaris anterior et fossa axiUaris posterior).
The separation of wing and body begins anteriorly as a line that crosses
m. propatagialis longus et brevis. This line then curves into the anterior
axillary fossa, crosses the pectoral muscle near its insertion, dips into
the contour of the posterior axillary fossa, and follows the junction
Une between metapatagium and body.
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necessary to describe the latter. The thigh includes the hip
region. The dorsal boundary of the thigh is the same as the
lateral boundary of the postdorsum; the anterior boundary
is the same as the caudal boundary of the prolatus; and the
ventral boundary is an arbitrary line that separates the
thigh and knee regions. The caudal boundary begins dorsally
as a continuation of the transverse line that separates the
trunk and external tail and follows the caudal margin of pelvic
girdle from iliocaudal spine to the tip of the pubis. From this
point anteroventrally, the caudal boundary swings along
the lower margin of the pubis and then along the caudal
margin of the semimembranosus muscle to the popHteal
region of the knee. The caudal margin of the thigh is important in estabhshing the extent of the postlatus and the
post venter.
The ventral boundary of the postlatus follows the groin
groove across the knee and the groin web (tela inguinala) of
skin that is produced by pulling the leg caudally. It continues
along the caudal margin of the thigh to the end of the pubis
and thence to the caudal indentation {incisura caudalis),
where it ends (figs. 28 and 29).
The posterior boundary of the postlatal region forms two
sides of a triangle. One side extends from the tip of the pubis
dorsally along the side of the cloacal lips to the ventral
junction of body and tail (fig. 28); the other side begins at
this junction and continues dorsally along the base of the caudal indentation until it unites with the caudal boundary of the
thigh. Beneath the externally visible part of the postlatus lie
such muscles as the m. levator cloacae, m. transversiis perinei
(m. transversus cloacae, Knight (1967)), m. piriformis pars
caudifemoralis, and m. depressor caudae (fig. 26).
In summary, the total postlatus includes the caudal part
of the rib cage, the lateral face of the pelvic girdle, and the
internal ramus of the posterolateral sternal process; the
external ramus fies approximately at the boundary between
prolatus and postlatus. The triangular posterior end of the
postlatus covers the anterior wall of the caudal indentation.
The venter extends from the thoracic inlet to the base of the
external tail. The anterior and posterior parts of the back
and side are of about equal size, but the proventer (sternum)
is much longer than the postventer (abdomen). The lateral
boundary of the venter has already been described; it is the
same as the ventral boundary of the latus. The anterior
boundary of the proventer is the anterior margin of the
breast and follows the contour of the clavicle to its junction
at the hypocleidium. This boundary is shared with the ventral
neck and has already been described.
The proventer region overhes the sternum, parts of some
sternal processes, and the muscles that have their origin on
the keel, namely mm. pectoralis et supracoracoideus. The
posterior boundary is an arch that crosses the lateral and
medial parts of the posterolateral sternal process, crosses the
lateral and medial sternal notches to the edges of the sternal

31.-Left lateral view of a male Bronze Turkey showing regions. Abbreviations: reg(s), region(s); s., synonym.
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plate, and follows this to the caudal tip of the sternum (figs.
25 and 29). In the chicken the posterior boundary is strongly
bowed because the sternum is pointed, but in the White
Pekin Duck, which has a truncate sternum, the posterior
boundary more nearly crosses the body at right angles to the
body axis (fig. 38).
The postventer region or abdominal region is an irregularshaped space that is small in chickens but large in some other
birds. This region is soft and has no underlying bones except
the tips of the pubic bones that project into this region.
The lateral and anterior boundaries of the postventer region
have been described. The posterior boundary is a shghtly
curved line that follows the angle between the dorsal lip of the
cloaca and the ventral surface of the tail. This boundary at
each end joins a lateral boundary of the abdomen.
Turkey
Specimens of the turkey vary considerably in conformation.
Some are poorly fleshed (fig. 30). As a result the dorsum is
rather narrow, whereas in other specimens it is broad. This
variation in no way modifies the boundaries for prodorsum
and postdorsum nor the location of arbitrary and antomical
boundaries between neck and trunk. The turkey has but a
single boundary between trunk and tail, because pelvic bones
in turkey are shaped differently from those in the chicken.
In the turkey the iliocaudal spine hes so near the same level
as the junction between caudal and coccygeal vertebrae that
practically all of the tail is external to the pelvis. As in the
chicken, the hip region is included in the thigh. The caudal
indentation is deep in the turkey. The cervicoalar groove is
shallow in a turkey that has a large amount of fat in the
cervical patagium, and the iliococcygeal groove is usually
nonexistent.
The latus of the turkey, as in the chicken, is broad in the
middle of the body and narrow at both ends. The axillary
fossae of the turkey are deep and more distinct than in other
birds examined (fig. 31). The thigh and postlatus are similar
to those of the chicken.
The proventer of the turkey is broad, usually much more
so than shown in figure 32. The postventer has an anterior
part between sternum and interpubic space and a posterior
part around the lips of the cloaca. The reference points are
similar to those of the chicken except that the pubic bones are
more robust. In the male these bones curve medially in
front of the vent with the result that the area of the vent
seems to be partially separated from the adjacent portion of
the postventer. The width of the postlateral region and of the
caudal indentation is variable in both the turkey and chicken.
Common Coturnix
The prodorsum of the quail has the same landmarks and
pattern as it does in the chicken, except at the caudal end.

Here the structure differs because there is no caudal indentation; the external tail hes within the contours of what is
generally considered to be trunk, and behind the tail is a
protruding cloacal eminence (figs. 33 and 34). The Common
Coturnix has only one separation between postdorsum and
tail, which is a compromise between an ''anatomicaF' and an
''arbitrary^^ boundary, but actually the two lie close together.
This compromise separation is related to the fact that the
caudal end of the ihal bones is shaped differently in the quail
than in the chicken. In the chicken the pelvic girdle diverges
toward the iliocaudal spines, leaving a space between the
interpelvic vertebrae and the medial margins of the ihal
bones. In the quail no such space exists and the iliocaudal
spines rest against the transverse processes of the second
coccygeal vertebra. In the chicken the caudal margin of the
lateral plate of the girdle is nearly vertical (fig. 25), but in the
quail it slopes backward at about a 45° angle, terminating at
the ischiatic process.
The latus and its division into prolatal and postlatal
regions in the quail are the same as those already described
for the chicken, except that in the quail the caudal boundary
for the narrow triangular portion of the postlatus behind the
thigh is placed arbitrarily in figure 34 because there is no
caudal indentation to serve as a landmark.
The venter boundaries of the quail have the same landmarks as those named in the chicken; the chief difference is
that the external tail is absent in the quail so that the dorsal
lip of the vent {labmm dorsalis cloacae) is almost the most
caudal structure of the ventral surface (fig. 35). The remiges
of the tail are actually placed in nearly the same plane as the
vent (fig. 34).
White Pekin Duck
The body surfaces and regional boundaries of the duck
follow the reference points described for the chicken, but
there is need for supplementary remarks on the skeletal
system and its effect on these reference points.
Both the Mallard and the White Pekin Duck have seven
ribs that articulate with the lateral edge of the sternum.
There are no floating ribs caudal to these. The terminal
three of this series He beneath the anterior end of the ilium
and articulate with the transverse processes of the vertebrae
in this region.
The interscapular region is either a trapezoid (fig. 36) or is
approximately square. The boundaries for this region have
been described under the heading ^^Neck'^ (p. 38). The
lateral boundaries of the prodorsum follow the metapatagium
and trunk and then curve in the direction of the hip joint.
The common dorsal boundary of prodorsum and postdorsum
is more curved in the duck than in the other birds studied
because the ilium in the median line extends farther forward
than the anterior border of the anterior margin of the sarto-

FiGURE 32.-Ventral view of a male Bronze Turkey showing regions. Abbreviations: b., bone; reg(s)., region(s); s., synonyi^
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rius muscle, and these reference points (anterior margin
of ilium and anterior margin of sartorius muscle) determine
the placement of boundary between the prodorsum and
postdorsum and the prolatus and thigh, respectively. The

postdorsum is narrow, which fact is in harmony with the
narrow pelvic girdle.
Only a single transverse caudal boundary is shown for
the duck in figure 36. As in other domestic birds except the
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chicken, this boundary serves as both an^'anatomicar' and an
''arbitrary" separation. As in the quail, the ihocaudal spine
in the duck Ues opposite the second coccygeal vertebra. This
vertebra and the first coccygeal vertebra are fused to the iUa
in the full grown Mallard; in the young White Pekin Duck,
however, they are separated by a distinct space, and the
ihocaudal spines he opposite the third coccygeal vertebra.
The caudal end of the lateral plate of the fused ilium and
ischium spreads laterally about 45°, and all of it lies in a transverse plane, to give the pelvic girdle a truncate caudal end.
The broad proventer of the duck (fig. 38) gives the impression that the shoulder, as seen from the ventral side, is
located differently than in other birds, but basically the
location is the same. The impression of difference is due to the
fact that the boundary between proventer and prolatus
arises from the middle of the shoulder region (figs. 37 and 38)
rather than from its medial margin (as it does in the chicken,
figs. 28 and 29). The relationship of shoulder to wing and
prolatus in the duck is the same as in other birds, namely,
the dorsal surface of the shoulder region is part of the wing,
whereas the ventral surface is part of the prolatus. Because
of the broad expanse of the proventer, the width of the
prolatus is restricted. The area, therefore, differs from that
found in other birds examined where the shoulder region is
broader (dorsoventrally) than the interior end of the prolatus
(fig. 37).
The lateral boundary of the proventer (the ventral boundary of the prolatus) is placed so that it has the same relationship to the sternum and to other underlying osseous structures as it has in other birds.
The postlatal region is larger in the duck than in any
of the other birds studied here. Its anterior boundary coincides with the pubic bone; the ventroposterior boundary
curves caudally and ends at the lateral margin of the tail
and is part of the line directed toward the side of the tail
(fig. 37).
The truncate character of the caudal end of the sternum
estabhshes the boundary common to proventer and postventer as a straight transverse fine (fig. 38). The lateral
boundaries of the proventers and postventers follow along
the groin grooves and curve medially to the tip of the pubic
bone, then around the end of the bone and upward to the
lateral margin of the tail. Here a transverse line follows the
groove between ventral tail and cloacal opening and estabhshes the caudal boundary of the postventer. The hps of the
cloaca lie within a much larger area than in other kinds of
birds studied.
Common Pigeon
The placement of regional boundaries for the pigeon
follows closely in most respects that described for the chicken,
except only one boundary is between the trunk and tail
instead of two. The interscapular region is narrow at the
arbitrary boundary of neck and trunk and is broad at the
anatomical boundary. In the Common Pigeon about four
and one-half caudal cervical vertebrae occur within the

interscapular region. The last one is free from the four fused
thoracic vertebrae that follow, but the cleft between last
cervical and first thoracic vertebrae is bridged by a dehcate
ossified tendon. As a consequence, one has to press hard
downward with a fingernail to feel the separation.
The pigeon's back is broad. The synsacrum ends abruptly
in a nearly straight transverse line that turns backward
slightly to form the ihocaudal processes. Below the spine is
a small notch, and the caudal margin of the ischium gradually
swings downward to meet the pubis. All vertebrae of the
synsacrum are strongly fused with the ilia with the result
that the transition to coccygeal vertebrae is abrupt. The
latter vertebrae have well-developed neural spines and
tranverse processes, whereas the neural spines of the synsacral vertebrae are fused to form a low, smooth, median
ridge; therefore, it is relatively easy to palpate the junction.
Because the pelvis of the pigeon is not shaped to form an
interpelvic space, there can be no internal or interpelvic tail.
The breast of the pigeon is broad, thus both the prolatus
and proventer are wide (figs. 40 and 41). The postlatal region
is irregular and occupies all of the anterior wall of the caudal
indentation. The latter terminates in a rounded curve that
foUows the shape of the caudal margin of the sternum. The
space of the postventer in front of the interpubic space (fig.
41) is large, and the area behind the pubic bones is occupied
almost entirely by the hps of the cloaca as in the chicken.

Tail
The tail of the chicken is atypical compared to that of
other birds described here. In the chicken the ihocaudal
spine extends caudally along each side of the tail vertebrae
for a considerable distance and is separated from the vertebrae by an interpelvic space. The tail, enclosed within the
space, has been named interpelvic, or internal tail, and may
be considered as part of the trunk. The tail beyond the
ihocaudal spine is named external tail. In the general discussion the authors pointed out that this was an arbitrary
division of parts; however, of the species discussed here
the division is apphcable only to the chicken. In the turkey.
Common Coturnix, the duck, and especially in the pigeon
the internal tail is either too small to be differentiated from
an external tail, or it does not exist.
Chicken
Three coccygeal vertebrae form the internal tail of the
chicken, and the remaining three vertebrae plus the pygostyle
are associated with the external tail. The interpelvic tail has a
dorsal surface only, but the external tail has both dorsal and
ventral surfaces (figs. 27 to 29). The interpelvic tail has an
anterior boundary that is a transverse plane separating the
last synsacral caudal from the first coccygeal vertebrae. As
already mentioned, the posterior boundary of the interpelvic
tail is a transverse line that joins the right and left ihocaudal
spines (fig. 25). The lateral boundaries extend along the lines
made by the iliococcygeal grooves associated with the space
between ilia and the transverse processes of the vertebrae.
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The anterior boundary of the external tail has already been
described. Each lateral boundary begins at the upper end of
the groove of the caudal indentation and follows the lateral
margin of the external tail to the caudal tip of the pygostyle.
Along much of this margin are implanted the rectrices.
The dorsal part of the external tail includes the region
of the oil gland and its papilla. The gland is a bilobed rounded
organ that may cause a distinct elevation on the dorsal surface, the uropygial eminence. Each gland unit drains caudally
by an excretory duct through the oil gland papilla and thence

Alular patagium
Digit II (s. alula)
Carpal joints:
Distal
Proximal

opens at its caudal tip. The chicken and other kinds of birds
used in this study have two excretory ducts in the papilla.
The ventral surface of the tail is not as large as the dorsal
surface. The anterior boundary of the ventral surface is
shared with the caudal boundary of the abdomen, dorsal to
the cloaca. The dorsal and ventral surfaces share a common
lateral boundary.

Turkey
The tail of the turkey has the tip of the iliocaudal spines
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34.—Left lateral view of a male Common Coturnix showing regions. Abbreviations: mar., margin; reg(s)., region(s);
s., synonym.
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35.—Ventral view of a male Common Coturnix showing regions. Abbreviations: b., bone; reg(s)., region(s) ; s., synonym.

opposite the middle of the first coccygeal vertebra; therefore,
the turkey cannot be assumed to have an interpelvic component of the tail. By drawing the line arching foward, as in
figure 30, the entire external tail hes caudal to it. The place-

ment of this line can easily be determined by palpation
because the dorsal spines of the synsacral vertebrae are flat
and broad; those of the coccygeal vertebrae are tall, narrow,
and bifid.
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36.^Dorsal view of a White Pekin Duck showing regions. Abbreviations: reg(s)., region(s); s., synonym.
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The caudal indentation is deep and broad in the turkey.
The lateral processes of the coccygeal vertebrae are long^
and laid over these are the caudal muscles of the tail. The
lateral margin of the tail region begins in the middle of the
caudal boundary of the postlatus^ crosses the midlateral
surface to the emergence of the last rectrix, and then crosses
the open follicles of the rectrices, of which there are approximately 18 in the Bronze Turkey, to the tip of the pygostyle.
In the midline of the dorsal surface of the uropygial eminence is the erect muscular papilla of the oil gland. Lateral
and slightly anterior to this, the small, underlying oil gland
(fig. 390) slightly elevates the skin. Palpation is necessary
to determine the full extent of the boundaries of the oil gland.
The ventral surface does not extend as far forward as the
dorsal surface because the lips of the cloaca He beneath some
of the coccygeal vertebrae. Opposite the caudal indentation,
caudal to the dorsal Up of the cloaca, is a deep depression.
This pit and the groove formed by the dorsal lip mark the
boundary that separates the postventer and ventral surface
ofthetail(fig.32).
Common Coturnix
The tail region of the male coturnix differs from that in
the chicken and turkey (figs. 33 to 35). There is a long caudal
slope, half of which is the cloacal eminence. The dorsal
surface of the tail is relatively small; it begins at the curved
transverse line joining the iliocaudal spines as described on
page 51 and continues to the rectrices, which project outward
about half way down the caudal slope. The uropygial eminence is shght but with care can be palpated. The uropygial
papilla lies at the caudal end of the eminence.
In the adult coturnix male there is no ventral surface as
in other birds. This surface has been replaced by a protrusion
of the dorsal lip of the cloaca and a gland that secretes
material into the cloacal cavity, as previously discussed
(page 48). Assignment of the cloacal eminence to the postventer brought us to the anomalous situation that part of
the ventral surface can be seen looking down from above.
However, this situation happens so rarely that it seems unnecessary to make any deviations of our reference points for
coturnix. When the quail expells an egg, the open vent is the
most caudal protrusion of the bird.
White Pekin Duck
The tail of the duck is a cone-shaped continuation of the
trunk, without trace of caudal indentation (figs. 36 to 38).
The tail of the duck appears to be relatively longer than the
tail of the chicken because in the duck the caudal end of the
synsacrum is truncate. Therefore, all free caudal vertebrae in
the duck belong to a readily visible tail and are not subdivided into an internal and an external part of a tail as
in the chicken. The smooth body contour is due to a pad of
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thick fat at the posterior margin of the thigh. If the fat had
been absent, this area of the thigh would have been occupied
by a rather large caudal indentation. Because the tail of the
duck is long, the postlatus beyond the thigh is larger than
in other birds examined. The same is true of the postventer.
This length is augmented by the fact that the sternum is
not extended to a long pointed tip as in the chicken. The tips
of the pubic bones indent the abdomen at about the middle
of the postventer, relatively far anterior to the opening of the
vent. Between the pubic bones and the vent is a large area
that shares its lateral margin with the ventral margin of the
large postlatal region. The ventral surface of the tail is a
small triangle lying between the lateral margins and the
caudal boundary of the postlatus, behind the hps of the
cloaca.
The dorsal surface of the tail begins at the common boundary it shares with the postdorsum and broadens laterally,
following the limits of the postlatus as far as the lateral
margin of the tail (fig. 36). As in other birds, this margin in
the duck is identified by the follicles of the rectrices. The
apex of the lateral margin passes around the caudal tip of the
pygostyle. The uropygial papilla of the duck has the shape
of a flattened oval with its long axis placed transversely. The
two lobes of the oil (uropygial) gland diverge anteriorly from
the isthmus of the papilla (fig. 392) ; the outhne of the glands
can be determined by palpation. The glands are joined by an
isthmus, but because this lies largely beneath the base of the
papilla, the shape of the uropygial region in the duck differs
from that in the chicken, turkey, and quail.
The ventral surface of the duck's tail is smaller than the
dorsal surface (compare figs. 36 and 38). The anterior boundary of the vental surface is a fine arising in the groove that
the dorsal lip of the cloaca makes with the ventral surface of
the tail (figs. 37 and 38). As this boundary extends upward
toward the lateral boundary of the tail, it shares a common
boundary with the postlatal region for part of the distance.
Common Pigeon
The general appearance and shape of the tail of the pigeon
are very similar to those of the turkey, even to the similarit}^
in the wide angle between the right and left rows of rectrices,
which is the extreme opposite from that in the duck (fig. 39).
The pigeon has six rectrices in each half. The oil gland papilla
is a broad cone that is little more than the caudal part of the
uropygial eminence ; most of the papilla does not elevate the
skin (fig. 40). The oil gland is bilobed as in the duck, but the
lobes are not spread so far apart. Each lobe is pointed at its
anterior end as it runs lateral to a strong longitudinal tail
muscle. The flatness of the oil gland and the fact that it lies
in the plane of adjacent tail muscles make it practically
impossible to palpate. The details of the ventral surface of the
tail are similar enough to those of the turkey that they need
not be redescribed (fig. 41).
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Anterior Appendage
The wing (ala) is the avian form of the anterior appendage
(memhrum anterius) of the tetrapod plan. It has the parts of
the foreUmb of a quadruped, but these have become modified
to serve primarily one function, namely, flight. In a few

species of birds the wing has become specialized as a swimming organ, and in the young Hoatzin (Opisthocomus hoazin)
it serves as a climbing organ. The wing may be long and
slender or short and broad. It may be held outstretched and
used primarily for gliding as in an albatross or it may beat
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37.—Left lateral view of a White Pekin Duck showing regions. Abbreviations: mar., margin; reg(s)., region(s);
s., synonym.
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continuously as in a hummingbird. The wing has wide
flexibiUty at the shoulder joint but only restricted movements
at its other joints. Most of the bones of the wrist, as found in
reptiles, have united with the metacarpals; only two movable
bones remain in the joint.
The parts, surfaces, regions, and margins of the wing of the
five kinds of birds considered here are similar in all points except size and proportions. These variables do not concern us
at^ this time. Therefore, the following description, based
primarily on the chicken, will apply to the remaining four
domestic birds. A careful study of figures 27 to 41 will
eliminate the need for extensive detailed description.
The placement of boundary lines for parts and regions of
the wing and limb follows certain guidelines. The location
of a joint is indicated in our illustrations by dashed lines, and
some distance on each side of the joint are boundary lines
for the region. These boundary lines enclose heads of the
bones that enter into the joint. Most bones adjacent to a
joint have enlargements to which Kgaments and tendons are
attached. The boundary lines are placed to enclose these
enlargements. Dissections and the study of prepared skeletons
and X-ray photographs made it possible to place these boundaries with fair accuracy.
Chicken and other species
In its extended position the wing has two surfaces—dorsal
and ventral—and two edges—anterior and posterior. The
anterior appendage of birds has the same component parts as
the homologous structure in other vertebrates, namely, upper
arm (brachium), forearm (antehrachium), and hand (manus).
The hand is composed of wrist (carpus), metacarpus, and digits (digiti manus). However, the wrist and wrist region (regio
carpalis) are often referred to separately from the hand and
hand region. The base of the wing lies in a roughly fusiform
space between the lateral edge of the prodorsum and the
dorsal edge of the prolatus. These boundaries around the
base of the wing are described on page 47.
Four patagia are usually present in the avian wing—
prepatagium, metapatagium, postpatagium, and alular
patagium. The cervical patagium, anterior to the shoulder
in the angle between neck and shoulder, is not part of the
wing. It belongs to the lateral neck (fig. 27).^^ The thin free
edge of the prepatagium is directed anteriorly; the mediocaudal boundary is the anterior margin of the m. biceps
brachii; and the distocaudal boundary is the forward edge of
the m. extensor metacarpi radialis (fig. 26). These two boundaries intersect at the anterior angle of the elbow region.
12 Several names have been used for these patagia of the wing and
the one of the neck. Pycraft (1910:13) called the prepatagia and postpa tagia, anterior and posterior patagian membranes. Lange (1931:443)
referred to a prepatagialis muscle; Hudson and Lanzillotti (1964)
designated the muscle as propatagiaHs ; Thomson (1964) hsted only
the one term, propatagialis; Ede (1964:41) used prepatagium; and
Wray (1887a: 351 and 357) designated the postpatagium as ala memhrana. The cervical patagium was referred to by Compton (1938) as
the parapatagium. There has been general acceptance of the term
^^metapatagium."
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The mediocaudal boundary crosses the m. propatagialis
longus et^ brevis, m. pectoralis propatagialis, and m. biceps
propatagialis.
^ The metapatagium has a triangular shape. Its free edge is
directed caudally. Its medial margin joins the body and forms
part of the separation between the back and side, namely
between the prodorsum and prolatus. The edge attached to
the wing does so along the caudal border of the m. triceps
hunteralis.
The postpatagium is a chevron-shaped skin web that lies
caudal to forearm and hand, and it bears the primary and
secondary remiges. It extends from the elbow to the tip of the
longest finger. The patagium is narrow, forms a wide
angle in the wrist region, and tapers to a point at the two
ends. It is composed of three parts—forearm, wrist, and hand
(postpatagium partes antebrachialis, carpalis, et manualis).
The line of junction of postpatagium and forearm is the
caudal margin of the m. flexor carpi ulnaris (fig. 26). The
wrist part of the postpatagium lies posterior to the region
of the wrist; in its junction with the hand, it follows the
osseous tissues of the fourth metacarpus and the caudal
edges of the fourth and third phalanges. In the carpal region
are several small muscles—as the m. ulnimetacarpalis dorsalis—thât serve to locate the junction of the wrist and
postpatagium. In the hand region small muscles and bones
of the third and fourth digits establish the junction between
the hand and its postpatagium.
The alular patagium is a small web that lies between the
w. adductor indicis (Hudson and Lanzillotti, 1955: 43) and
the tendons to digit III. Its free edge is directed toward the
tip of the wing (figs. 27 and 28).
The boundaries of the shoulder have already been described
to some extent in establishing limits for prodorsum and
prolatus, but as part of the wing it is necessary to review
some of these points and the osseous structures involved.
The shoulder includes the heads of the clavicle, coracoid,
scapula, and humérus; the intervening spaces of the glenoid
fossa and adjacent articulations; and the overlying musculature and integument. The upper portion of the shoulder
joint—a deep notch between the acromion of the coracoid
and the head of the humérus—is easily palpable.
The shoulder of a bird is large but has proved to be the
most difficult part of the body for which to establish boundaries. The heavy musculature obscures osseous landmarks, but
more than that, the boundaries on upper and lower surfaces
do not lie opposite each other. In fact the plane that carries
medial and lateral boundaries on the dorsal surface when the
wings are extended lies almost at right angles to the plane
on the under surface that carries the superior and inferior
margins. The problem will be evident if the drawings of the
three views are compared (figs. 27 to 29). This problem
has been avoided in human anatomy by naming regions
according to the underlying muscles and bones involved in
the formation of the shoulder. In birds the axillary groove
on the ventral side identifies the boundary between the
base of the wing and the prolatus. When projected this
line crosses the humérus at the distal edge of the deltoid crest.
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38.—Ventral view of a White Pekin Duck showing regions. Abbreviations: b., bone; reg(s)., region(s); s., synonym.
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The line corresponds closely with the position of the equivalent boundary on the dorsal side of the wing; however, on
the dorsal side it is sHghtly more distal. The shoulder has
four boundaries in dorsal view (figs. 27, 30, 33, 36, and 39).
One boundary follows the contour of the muscles that cross
the anteromedial surface of the shoulder joint and separates
cervical patagium from shoulder region; the second is the free
edge of the shoulder; the third crosses the humérus; and the
fourth is a common boundary with the interscapular region.
On the lateral wall, the shoulder region has three main
boundaries (figs. 28, 31, 34, 37, and 40): (1) The line through
the axillary fossae already described; (2) the anterior margin
of the body that separates the neck and body; and (3) continuation of the anterior margin across the pectoral muscle
and upward to the beginning of the metapatagium. This
curved boundary of the shoulder may or may not touch the
lateral boundary of the proventer. The shoulder joint Hes
near the center of the shoulder region and caudal to the
articulation of clavicle and coracoid.
The elbow, or cubitus, includes the ectepicondyles and
entepicondyles—protuberances on the distal end of the
humérus (fig. 25)~and their processes; the heads of the ulna
including the olecranon, the head of the radius; the elbow
joint; and the overlying ligaments, muscles, tendons, and
integument. The osseous structures mentioned are palpable,
and the enlarged ends of the bones adjacent to the joint
establish the location of the two converging lines that bound
the triangular elbow region (figs. 27 to 41). The Hnes are
farthest apart along the posterior margin of the elbow. On
the dorsal and ventral sides of the wing, these lines converge to the angle of the elbow formed by the crossing of the
anterior edges of the mm. biceps brachii and extensor metacarpi radialis.
The upper arm or brachium extends from the shoulder
joint to the elbow joint, and thus it includes half of the
shoulder region and half of the elbow region; it excludes the
prepatagium and metapatagium. The upper arm region lies
between the shoulder region and the elbow region. The entire dorsal surface of the humérus is palpable; much of the
proximal part is covered by thin muscles, the distal part by
integument only. The upper arm has dorsal and ventral
surfaces; the anterior border of the upper arm is identified by
the laterocaudal boundary of the prepatagium. The posterior boundary separates the metapatagium from the muscular
part of the upper arm; the free margin of the forearm extends
to the intercondylar space at the elbow. Sometimes it is
convenient to refer to the posterior surface of the upper arm,
especially when dissecting muscles of this area. It is impractical to attempt to estabhsh boundary lines on the skin
because it is difficult to define a posterior surface that in this
case is clearly distinguishable from dorsal and ventral surfaces.
The forearm, or antebrachium, includes the area of the
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radius and ulna from their proximal ends at the elbow joint
to their distal ends at the articulations with the radiale and
ulnare. The forearm region is more restricted than the total
forearm and lies between the elbow and wrist regions. The
anterior boundary of the forearm is the anterior margin of
forearm muscles; the posterior margin is the junction of forearm muscles. The forearm region has two surfaces—dorsal
and ventral; each surface is rectangular in shape and is bisected longitudinally by dashed lines (figs. 27 to 41) into two
nearly equal parts by a plane that passes dorsoventrally
longitudinally between radius and ulna. The region of the
radius (regio radialis) is the anterior half of the forearm, and
that of the ulna (regio ulnaris) is the posterior half.
The wrist is relatively large, and its margins approximately
form a four-sided figure when the wing is extended. The
wrist region includes the enlarged distal ends of the radius and
ulna; the anterior and posterior carpal bones; and the several
proximal tuberosities of metacarpi II, III, and IV, all of which
are palpable beneath the skin. The anterior margin of the
wrist region is part of the leading edge of the wing. The posterior boundary is curved concentrically with the anterior margin and forms the carpal notch. It shares a common boundary
with the postpatagium. One transverse boundary is just proximal to the enlarged ends of radius and ulna, and the other is
just distal to the several palpable processes on the proximal
end of the fused carpometacarpus,i^ II, III, and IV.
The hand, or manus, includes the wrist, the carpometacarpus, and the digits. It, therefore, has its proximal origin at
the articulations of the anterior and posterior carpal bones
with the radius and ulna. Because the wrist, or carpus, has
already been described, description of the manus will be
limited to the part distal to the wrist. The metacarpus is
composed of three bones—II, III and IV—and their associated Hgaments, tendons, muscles, and integument.i^ The
term ''metacarpus" is applied here to that part of the hand
between wrist and digits and carpometacarpus to the underlying, supporting skeleton. At the proximal end, digits II,
III, and IV in an adult chicken are fused into one osseous
structure. At the opposite end, the metacarpi of III and IV
are fused; II is short and scarcely extends beyond the region
of the wrist. Dashed lines were used in figures 27 to 41 to
show the regions encompassing these structures.
In the chicken, digits II and III each have two phalanges,
and digit IV has one. The region of digit II extends from the
metacarpophalangeal joint to the tip of the digital claw, and
^2 Carpometacarpus is written in the singular because the several
bones of which it is composed are fused into one.
" The numbering of the digits on the avian manus has been presented
by some as I, II, III and by others as II, III, IV. The latter sequence
is generally supported by those who have studied the embryology of
the wing, for example, Montagna (1945) and Holmgren (1955). Additional references on the subject are: Heilmann (1927) and Romanoff
(1960).
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it has dorsal and ventral surfaces. The proximal boundary
follows the transverse line of the joint between metacarpus
and basal phalanx, the anterior boundary is part of the leading edge of the wing, and the posterior boundary is the space
between digits II and III. The distal half of the caudal edge
has a free margin into which are inserted the alular remiges.
Most of the terminal phalanx is a small conical bone that is
covered by a straight or curved digital claw in the chicken,
Common Coturnix, and White Pekin Duck. The claw is
absent in the turkey and pigeon (Fisher, 1940).
The combined third and fourth metacarpal region at the
skin surface corresponds in extent approximately to the
underlying bones. The region is rectangular in shape (figs.
27 to 41); most of the landmarks are readily palpable, and
in a bird with thin translucent skin they often are readily

visible. Muscular tissue occupies the spindle-shaped space
between metacarpus III and IV (figs. 25 and 26); in the
illustration of the hand for the five species, dashed lines
over this space mark the separation between the region of
metacarpus III from metacarpus IV. The anterior margin of
the metacarpus III region is the alular patagium and the
leading edge of the wing; the posterior margin of metacarpus
IV region is the caudal margin of the muscles of the hand.
The calami of primary remiges protrude into this region.
A description of the region associated with each phalanx
amounts to a reiteration of the bones of the hand. In the
illustrations of the tips of the wings, the dashed lines locate
the joints and the spaces between bones. Each region has a
dorsal and a ventral surface and three or four boundaries.
The number of regions depends on the number of phalanges
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39.—Dorsal view of a Common Pigeon showing regions. Abbreviations: reg(s)., region(s); s., synonym.
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and metacarpi; the phalangeal formula for the chicken,
turkey, quail, and pigeon is 0, 2, 2, 1, 0; that for the duck
is 0, 2, 3, 1, 0.

Posterior Appendage
Thigh and shank
Both anterior and posterior appendages of tetrapods are
called limbs, but in birds the synonym "wing" is generally
used for the anterior appendage. The hind limb is the poste-

rior appendage. The effort has been made here to avoid the
use of the word "leg" chiefly because it has both a general
and a restricted meaning. The terms "leg" and "limb"
are often used interchangeably, but in a strict sense, leg
is that portion of the limb from knee to ankle ; in restricted
meaning it is often designated "lower leg," "leg proper,"
or "crus" to distinguish it from the upper leg. We have
chosen the following common English terms because they
are readily understood, monomial terms—"thigh" for upper
leg and "shank" for lower leg.

AluUr patagium .

Cere-

A

61

Reg. of phalanx 2, digit III
Reg. of phalanx 1, digit III
Reg. of phalanx, digit IV
Reg. of metacarpus, digit IV
Reg. of metacarpus, digit III
Postpatagium:
Hand part
Wrist part
Forearm part

Hyoid reg.
Neck:
Dorsal reg.
Lateral reg.
Ventral reg
Boundary prolatal reg. and wing.
Shoulder joint
Shoulder reg.

Upper arm reg.
Metapatagium
Posterior axillary fossa
Prodorsal reg.
Boundary pro- and postdorsal regs.

Prolatal reg,

Postdorsal reg.
Thigh
Boundary prolatal reg. and thigh
Preventer reg. (s. sternal reg.

postdorsal and tail regs.
dorsal reg.
ropygial eminence
Postlatal reg.
Oil gland papilla
Tail, ventral reg
Vent orifice
Postventer reg. (s. abdominal reg.)
Proventer reg. (s. sternal reg.)
Shank:
Lateral reg.
Posterior reg.

Anterior reg,
Accessory metatarsal reg.
Metatarsal fold

Metatarsus:
Anterior reg.
Lateral reg.
Posterior reg.

Metatarsal pad
Reg. of terminal phalanx, digit III
Digital claw

Dorsal reg., terminal phalanx, digit I

-4^Vs

FIGURE

Ankle:
Anterior reg.
Lateral reg.
Posterior reg.

Ventral reg., phalanx 1, digit I
Ventral reg., terminal phalanx, digit II
Dorsal reg., terminal phalanx, digit IV

40.—Left lateral view of a Common Pigeon showing regions. Abbreviations: reg(s)., region(s); s., synonym.
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Submandibular area:
Interramal reg.
Submalar reg.:
Mouch reg.
Pharynx reg.

Boundary, pro- and postventer regs.
Shank:
Lateral reg.
Anterior reg.
Medial reg.
Ankle:

Interpubic space
Boundary of poslventer and tail
Tail, ventral reg.

Digit IV:
Reg. of
Reg. of
Reg. of
Reg. of
Reg. of

basal phalanx
phalanx 2
phalanx 3
phalanx 4
terminal phalanx

Lateral interdigital web
Intermediate interdigital web

FIGURE

Anterior reg.
Lateral reg.
Joint (s. intertarsal joint)
Medial reg.
Anterior {metatarsus
Reg. of accessory metatarsus
Digit I:
Reg. of basal phalanx
Reg. of terminal phalanx
Digit III:
.Reg. of basal phalanx
Reg. of phalanx 2
Reg. of phalanx 3
.Reg. of terminal phalanx
Digital claw

41.—Ventral view of a Common Pigeon showing regions. Abbreviations: b., bone; reg(s)., region(s); s., synonym.

In most ornithological literature the part of the foot that
contains the tarsometatarsal bones is referred to as the
tarsus. This seems inappropriate to us because the tarsal
bones are those that border the intertarsal joint. Coues
(1903:127) recognized the inaccuracy of the term as applied
to the instep region of the foot. Its use here will be avoided.
Instead the portion of the foot between intertarsal joint and
base of the toes will be named "metatarsus" and the supporting skeleton, the "tarsometatarsal bone or bones."
The axis of each segment of the avian hind limb can
move around a range of angles in respect to the axes of
adjacent segments. Storer (1960b :20) presented a series
of diagrams to show the significance of the relative lengths
of segments and the direction of bending at the joints to the
bird's center of gravity and to its maintenance of equilibrium.

Coues (1903:124) stated, "The modifications of the hind
limb are more numerous, more diverse, and more important
in their bearing on classification than those of either bill,
wing, or tail; their study is consequently a matter of special
interest."
Birds use their feet and legs in various ways on the land
and in the water. They may use them to run, walk, hop, swim,
perch, receive impact of descent, cHng to rough vertical
surfaces, scratch, grasp prey, and fight. Birds use feet with
the beak to build nests, tie knots, hold or cover the egg during
incubation, turn eggs, and scratch themselves. Figure 42, A-I
illustrates nine modifications of feet that are described later.
Webs of skin between body and thigh are transitory
structures that appear when the limbs are pulled apart
laterally and extended caudally. They are described here
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because they sometimes are landmarks for boundaries and
often break the continuity of other Unes, as already mentioned on page 44. Because their existence is in a sense an
artifact and depends upon the position of the limb, they
are called webs and not patagia.^^ The skinfold that occurs
most of the time in birds is the knee web. It stretches from
the body to the knee. It appears at the boundary line between
lateral and ventral surfaces of the body and reaches to the
anterior face of the knee region. One or more folds of skin,
called groin webs, extend from the sternal region to the
medial surface of the thigh. These folds are highly variable
in location and number; they may arise just behind the
knee web or they may cross the groin groove near the posterior end of the sternum. Although artifacts, webs break the
continuity of the groin groove and can sometimes be used as
reference points.
Only the thigh and shank are described here. The introductory and general remarks for metatarsus and toes are
given later because they are specialized and variable among
birds, including the five described here.
Chicken.—The thigh extends from the lateral margin of
the ilium to the knee joint, including the hip region {regio
coxendicis) and half of the knee region {regio genus). The
knee joint includes the femur, the musculature that arises
from the lateral surface of the pelvic girdle, and the overlying
integument. The boundaries for the outer surface of the thigh
region are : The dorsal boundary is common with the lateral
boundary of the postdorsum; the anterior boundary is the
cephalic edge of the sartorius muscle, which is also the caudal
boundary of the prolatus; the posterior boundary follows the
caudal margin of the thigh musculature and is the same as the
cephalic edge of the postlatal region. Distally, the thigh
region ends at the knee region, but as a part of the body, the
thigh extends to the knee joint. The upper boundary of the
knee region lies in a transverse plane above the patella and the
condyles of the femur. This boundary crosses the lateral and
anterior surfaces of the thigh and as much of the medial
surface as is separated from the lateral body wall. In a young,
thin chicken the upper boundary line for the knee may encircle the leg.
The medial surface of the thigh is variable and in most
specimens is not visible in an undissected bird. This is true
for the chicken (fig. 29) where the caudal boundary line for
the thigh crosses the knee web and then the groin web and
then terminates in the groin groove at the junction with the
lateral proventer border. We have not attempted to divide
the thigh into lateral, medial, anterior, and posterior surfaces.
The knee includes the knee joint; the enlarged ends of the
femur, tibia, and fibula; and the overlying ligaments, tendons, muscles, fascia, and integument. The osseous struc-

^^ Unfortunately, it is not possible to be entirely consistent in using
this criterion for the term ''web." Through long, well-established
usage, the term ''web'' has been applied to the skin stretched beneath
the toes of birds, and because this usage is well understood by writers
and readers, no change is suggested in this instance.
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tures lie in the anterior two-thirds of the knee region, and
only soft tissues are present in the posterior third. In man the
tendons of the biceps femoris laterally and those of the
semitendinosus and semimembranosus medially create the
popliteal fossa. In the chicken the same tendons are present,
but the fossa is not well defined because in the flattened thigh
of the bird the hamstring muscles are more compressed. The
posterior third of the knee is designated the ^^popliteal region^^
{regio poplitea) and the angle between thigh and shank, the
^'popliteal angle'' {angulus popliteus).
The osseous reference points for the inferior margin of the
knee are the inferior edges of the inner and outer cnemial
crests of the tibiotarsus and the head of the fibula (fig. 25).
The boundary hne of the knee region encircles the shank at
this level which, on the posterior side of the knee, is a short
distance below the angle between thigh and shank. The
depression in the region of this angle is the popHteal fossa
{fossa poplitea).
The shank, or lower leg, is that portion of the limb between the knee joint and ankle joint; it includes the tibiotarsus, fibula, ligaments, muscles, tendons, and the integument covering these structures. The shank is divided into
four surfaces or regions—anterior, posterior, lateral, and
medial— and is bounded by four lines that extend lengthwise on the shank from the region of the knee joint to the region of the ankle joint. The boundaries for these surfaces are
called anterolateral, anteromedial, posterolateral, and posteromedial. The proximal and distal boundaries for these regions
are the knee and ankle regions respectively. The rudimentary
character of the fibula and its closeness to the tibiotarsus
make it impractical to establish tibial and fibular regions of
the shank. The fore part of the shank is sometimes called
shin; the posterior part, calf.
The ankle, or hock, is a rather extended region of the limb.
The superior boundary encircles the shank proximal to the
condyles and tibial cartilage, whereas the inferior boundary
lies just distal to the heads of the fused tarsometatarsal bones
on the anterior surface and is distal to the calcaneal ridges
of the hypotarsus on the posterior surface (figs. 25,27, and 28).
These transverse boundaries are about twice as far apart on
the posterior surface as on the anterior surface. The ankle
region has anterior and posterior, lateral and medial surfaces,
or regions. The edges of the condyles identify the lateral
margins for these surfaces (figs. 25 and 28). The joint of the
ankle lies approximately midway between the dorsal and
ventral boundaries of the ankle region.
During embryonic and early posthatching development,
most of the tarsal bones that are characteristic of the tetrapod limb can be identified. All tarsal bones eventually fuse
either to the distal end of the tibia or to the proximal ends
of the metatarsi II, III, and IV, thus forming a tibiotarsus
and a tarsometatarsus. The ankle joint itself is an intertarsal
joint. The portion of the foot from the ankle joint to the base
of the toes is the metatarsus, a term already discussed.
Other species.—The thigh and shank of the turkey are
large; yet the boundaries, surfaces, and parts are the same
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as in the chicken. This fact is illustrated by comparing
figures 30 to 32 with figures 27 to 29.
The thigh is farther separated from the body in the
Common Coturnix than in the chicken and turkey, as
shown in a ventral view (fig. 35). All of the knee region and
even a small part of the adjacent thigh are entirely separated
from the body. In figure 35, therefore, the dorsal boundary
of the knee region completely encircles the leg. In the popliteal region of the knee is a well-defined fat pad that makes
the area of the fossa level with the remainder of the knee.
As a consequence, the designation of a popliteal fossa for the
Common Coturnix may not be justified. The remainder of
the leg proximal to the foot is similar to that described for
other galliforms.
Like many other swimming birds, the White Pekin Duck,
has all of its thigh musculature and most of the knee region
beneath the skin of the lateral body wall. The knee is situated
higher on the side of the trunk than in nonaquatic birds. The
broad patagium (named here the "crural patagium)'^ joins
body and shank and eliminates the complete encirclement
of the knee region by boundary lines; it also eliminates the
popliteal fossa. A depression does exist in the skin that
bridges the angle between shank and thigh, but it is too far
caudal to be justifiably identified as a popliteal fossa.
The Common Pigeon (figs. 39 to 41) is somewhat like the
Common Coturnix in that when the leg is extended the
thigh is encircled by the upper boundary of the knee region.
This line is not shown as completed in figure 41 because knee
and thigh have been pushed forward in this illustration.
Although the pigeons examined had a small fat pad below the
popliteal fossa, a small pit remained in that area as in the
chicken (fig. 28). The four surfaces and boundaries for the
shank are shown on figures 39 to 41 and agree in the use of
landmarks with the other species described.
Foot
The foot of a bird includes only the structures distal to the
intertarsal joint; therefore, it contains only part of the ankle
bones. In mammals, all of the ankle bones are included as
part of the foot. This is another situation in which it is
difficult to apply to a bird a definition developed for a
mammal.
Poultrymen and ornithologists use the term "hock" as
synonymous with ankle region {regio tarsi), and "hockjoint"
with ankle joint. The term "heeF' has been used for the same
region, but a bird does not have a separate and well-developed
calcaneum, which forms the heel of man.
Separate ankle bones {ossa tarsi) are lacking in adult
birds although three or four bone complexes are present in
the embryo. One or two of these bones disappear when
they fuse with the lower end of the tibia and thereby form
the tibiotarsus. The remaining bone (sometimes two) fuses
with the metatarsus, thus forming a tarsometatarsus (Parker,
1891; Holmgren, 1955; Bellairs and Jenkin, 1960). In many
perching birds, the integument that covers the heel is similar
to that found on the remainder of the metatarsus, except

for the folding and wrinkHng associated with the movement
of loose skin over the joint. In the chicken, this region is
thickened slightly, and the epidermis is roughened. However,
according to Chasen (1923), about 16 famihes of birds, which
include some owls (figs. 50 and 51), parrots, and numerous
families in the Piriformes and Coraciiformes, have welldeveloped heelpads. These appear best developed in birds
whose nests are made on the ground or in the interior of trees.
The pads vary from smooth and cushiony to large elevated
structures in which the scales are conical and may have
needlehke points. They may be better developed in the
recently hatched bird than in the adult. For example, in the
woodpeckers observed by Chasen, the young bore elevated
tubercles pointing backward, which were used for locomotion
within the nest cavity, but later in development these
specialized structures were lost.
The ankle joint is constructed so that the metatarsus can
be extended enough to bring it into the same axis with the
crus but no farther. In the opposite direction the ankle can
be flexed so that the metatarsus rests against the anterior
surface of the lower leg.
The metatarsus has four surfaces—anterior, posterior,
lateral, and medial; the boundaries for these are described
under the headings of the specific birds studied. The metatarsus includes the integument, tarsometatarsal bones, and
tendons, many of which are ossified. In most birds the integument is modified to form scales, but in some the metatarsus
and toes bear either feathers without scales or scales penetrated by feathers. The dorsal surface has sometimes been
designated as the dorsum pedis and the ventral side as the
sole, or plantar surface (planta pedis). Only a few birds Hke
the loons and grebes normally stand on the full length of their
feet, in a posture called plantigrade. Because most birds are
digitigrade (they stand and walk on their toes only), it seems
less confusing to use the term "anterior'' and "posterior"
for these regions of the metatarsus and limit use of the terms
listed previously to the toes.
Some modifications of the foot among birds are illustrated
in figure 42, A to /, which make it possible to discuss the
different types of webbing between toes, the position of the
toes, their loss and fusions, and variations in the phalangeal
formulae. A flexible webbing exists between the toes of most
aquatic and some terrestrial birds, but it is absent in passerines. The extreme condition is found in such totipalmate
swimmers as the pelicans (fig. 42, A), boobies, and cormorants in which all four toes of each foot are united by webs
to form medial, intermediate, and lateral interdigital webs.
In the palmate foot of ducks (fig. 42, C), geese, swans, gulls,
skuas, and skimmers, the intermediate and lateral w^ebs involve the three forw^ard-directed toes; a web is absent between digit II and the hallux. An equivalent situation exists
in birds that have only three toes, such as loons and alcids.
The incised palmate type of foot has the attachment
at the top of the toes as in the palmate type but there is a
greater indentation of the free edge. Terns have this type of
webbing. Semipalmate toes are common among the galliforms (fig. 42, D and £J) where the w^ebbing is limited to the
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angles between toes 2 and 3 and 3 and 4. The web may be
limited to lobes on each side of the toes^ a condition well
developed in finfoots, less so in the grebes, and slightly in
phalaropes. The thin fold of skin on the medial side of the
second toe of the duck has only one attached edge. It partially fills the space between this toe and the hallux to form
part of a medial web.
A special modification of the scales along the side of the toe
occurs in the Ruffed Grouse (fig. 42, D) where a pectinate
type of marginal scale projects downward and forms a fringe
that makes walking on the snow more effective. The pectinate
scales are shed in the spring (Bump et al., 1947).
The toes (digiti) in birds, typically four in nuraber (figs.
42, A, Cj D, E, i?, and I), are homologous with digits I to IV
of a pentadactyl appendage. No bird has more than four toes
except chickens of the Dorking, Faverolle, Houdan, Sultan,
and Non-bearded Silkie Bantam breeds, all of which have
five toes. In these breeds the extra toe arises above the base
of the hallux and projects upward, never touching the
ground. In the Silkie, the extra toes often lie nearly in the
same plane as the hallux; in addition, the number of extra
toes ranges from zero to three, and the number of bones
within an extra toe may also be variable. The extra toe has
no relationship to the missing fifth toe of the pentadactyl
foot. The diversity of form found in the skeleton of atypical
toes, and the genetics of polydactyly and brachydactyly
were reviewed by Hutt (1949).
Some birds, however, have only three toes. Among these
are the rheas, cassowaries, auks and alcids, some petrels,
most albatrosses (Diomedea spp.), most plovers, oystercatchers, Sanderling (Crocethia alba), stilts (fig. 42, G),
kittiwakes {Rissa), certain flamingos {Phoenicoparrus spp.),
certain woodpeckers (Picoides spp., Dinopium spp.), and
certain kingfishers (Ceyx spp.). Only the adult ostrich (fig.
42, B) has two toes. In some of these examples the bones of
additional toes are present, but they are enclosed within
the skin-covering and so are not visible, or they were formed
during embroyonic development and later disappeared
(Duerden, 1920).
Coues (1903:134) classified avian feet according to the
position of the first digit as elevated, insistent (the tip
touches the ground), or incum.bent (full length of first toe
touches the surface on which bird rests). Galliforms have the
elevated type of foot, on which the hallux is carried above the
ground level at the end of a rudimentary accessory metatarsal bone. Various gradations occur in the transition
first to the insistent type of toe and finally to the incumbent
type of toe, as occurs in the pigeon and most perching birds.
Often there is a correlation between the position of the first
toe and the webbing. In general, the attachment of the hallux
is elevated (insistent) in any bird with true webbing or lobing
of the front toes except in herons and some birds of prey;
thus all domestic fowl would be included in this group.
Birds with the hallux resting on the ground for the full length
and in the same plane with the other toes have no webbing
between their toes.
In most birds three toes point forward (digiti II, III, and
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IV) and one toe points posteriorly, but in penguins all four
toes are directed forward and laterally. The same is true of
some species of woodpeckers when they are climbing (Bock
and Miller, 1959). In some birds, notably owls, the hallux
can be moved either into a forward or backward position,
and in the African Mousebirds (Colins spp.) the hallux can
be moved forward and the fourth toe backward. In parrots,
cuckoos, woodpeckers (fig. 42, 7), and trogons the toes are
arranged in pairs—two forward and two backward (zygodactylous condition). In all of these except the trogons, the
outer toe is directed backward, but in the trogons the digit
adjacent to the first toe has moved backward. The evolutionary influence of perching and climbing on the zygodactylous
foot has been extensively studied by Bock and Miller (1959).
In many passerine birds a scale crosses the angle formed
by adjacent toes and produces a fusion for a short distance.
In the syndactyl feet of kingfishers (fig. 42, H) fusion involves
numerous scales and almost completely unites the third and
fourth toes—an extreme condition. Fusion of toes by binding
them together with scales occurs to a lesser extent in wrens,
titmice, creepers, vireos and may occur in chickens as an
anomaly. In woodpeckers, the basal phalanges of toes II and
III are involved. A more extensive discussion of the foot of the
bird is in the article by Reichenow (1871).
In poultry literature, booted and booting refer to feathering
of the metatarsus rather than to a fusion of scales, which
is what the term means in ornithological literature. We
suggest that the term '^ptilopody^^ coined by Danforth (1919)
should be used in both poultry and ornithological literature
to designate leg-feathering. Danforth stated (p. 587) :
Two terms, 'leg-feathering" and ''booting" have been
employed to indicate the presence of feathers on the tarsus and
toes. Both of these terms are inappropriate; the former because it
is not the leg, but the tarsus and toes that is meant, the latter
because the term is already in use to indicate a fusion of tarsal
scutella. Since no other convenient term seems to be available the
word ptiiopody (TTTLXOV, feather; TOVS, foot) is used in this paper
to designate the condition in which down or feathers tend to appear
on the tarsus and toes.

Danforth used ptilopod as the adjective form of the noun,
ptiiopody. Unfortunately, these terms have not received
general acceptance in the poultry husbandry literature nor
were they included in ^^ Webster's New International Dictionary,'' Second Edition, nor in the 1944 edition of Funk and
Wagnall's ''New Standard Dictionary of the English Language." Ptilopod is included in '^Webster's Third New^ International Dictionary" (1965), but not ptiiopody. The latter
is listed in Thomson's (1964) '^A New Dictionary of Birds."
Van Tyne and Berger (1959:570) regarded the term ''booted"
for the smooth, undivided tarsal sheath as obsolete, and in
their glossary recommended the term "holothecal."
Birds have retained the phalangeal formula of their bipedal
reptilian ancestors, namely, 2, 3, 4, 5, —, for the first four
digits, the fifth digit having been lost; in primitive reptiles
the typical phalangeal number for the fifth digit is 4. Such
formulae as the foregoing designate the number of phalanges
on each digit presented in sequence from I to V. In the higher
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Lattral intcrdigital
Medial interdigital

web

web

ntcrmcdiate
interdigital web

Palmate toes

Domestic Duck, White Pekin

Totipalmale toes

Brown Pelican,
Pelecanus occidentalis

I athered metatarsus
(ptilopody)

Ostrich, Struthio cameîus

Nonimbricated
scutes

Scutellatc and reticulate mctata

Marginal fringe

F

Chicken, 5-Toed Breed

Semipalmate toes

Seminal male toes

Chicken, Single Comb
White Leghorn

Ruffed Grouse, Bonasa umbellus

Rtticulaie metatarsus

Imbricated scutes
Scutellate and reticulate metatarsi

Black-necked Stilt,
Himantopus mexicanas

FIGURE

Syndactyle foot

Kingfisher, Megaceryle Spp.

Zygodactyie fool

Pileated Woodpecker,
Dryocopus pileatus

42.—Examples of morphologic variation in the toes and feet of some birds. Abbreviation: spp., species.
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mammallike reptiles and in all mammals, the formula is 2, 3,
3, 3, 3. Among birds, Coues (1903:133) cited members of the
swift family (Apodidae) as having 2, 3, 4, 4, —, and in some
of the Procellariiformes the formula may be —, 3, 4, 5, — or
1, 3, 4, 5, —. The reasonable constancy of the phalangeal
formula has made it easy to determine whether it was the
second or the fourth toe that rotated backward to parallel the
first toe. In woodpeckers (fig. 42, /) the fourth toe moved in a
position to parallel the first toe.
The terminal phalanx of each toe carries a claw. This is
true for practically all birds except the ostrich in which the
outer toe carries no nail, or claw, or only a very rudimentary
nail (fig. 42, B). The claws in chickens are relatively short
and not greatly curved and serve the function of scratching.
The claws of birds that perch are more strongly curved
(fig. 42, /). The claws of birds are laterally compressed
(figs. 50 and 51) except in grebes, where they are flattened
dorsoventrally to form typical nails.
Scales of birds are homologous with those of reptiles and
mammals. Structurally, scales are similar to the sheathing
substance of beaks, claws, and spurs, and they may appear
as small keratinized thickenings of the epidermis or as large
overlapping plates. Scales {scutes and scutella) are found
chiefly on the metatarsus and digits of the foot but also may
cover part of the leg in birds whose plumage does not extend
the full length of the crus. Scutes show their greatest development on the front surface of the metatarsus (acrometatarsimn)
and the dorsal surfaces of the digits (acropodium). (See footnote 24 in chapter 9 for a discussion of the name, acrometatarsium.) On the sides and on the palmar surface of the toes,
scales are often small and form a reticulate type (Coues,
1903). In feet of the pehcan, stilt (fig. 42, A and G), and
plover, all scales on the metatarsus are reticulate. In numerous birds the metatarsus is both scutellate and reticulate;
the scutes may be a single row of rectangular plates as in
the ostrich or they may consist of two or more rows as in
the chicken. The reticulate type is small and randomly distributed, as on the ventral surface of the toes and the lateral
and posterior surfaces of the metatarsus. The extreme condition seen on w^ebs of the pelican and duck is merely a roughness of the skin surface termed ''cancellated (fig. 42, A and C).
The scutes of most birds are nonimbricated, that is, no
significant overlapping of scales, but kingfishers and w^oodpeckers (fig. 42, H and I) have overlapping scales.
Reduction in number of scutes on the dorsal and anterior
surfaces of toes and the reduction on the metatarsus to a few
plates that encircle this part of the foot are considered to be
examples of speciaUzation. Among such passerine birds as the
thrushes, which includes the American Robin (Turdus
migratorius), there is a fusion of all the scutes or all except
a few at the distal end of the metatarsus. This extreme
development produces a smooth metatarsus, which ornithologists call booted Qiolothecal). Coues (1903) listed nine
genera in which a complete holothecal metatarsus occurs.
The subject of scales has been reviewed here very briefly,
but Boetticher (1929) described the scale pattern for all the
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major groups of birds, including the chicken among the
galliforms, and discussed types as well as phylogenetic relations based on his comparative study.
Chicken.—The metatarsus has four surfaces, but they are
not of equal size and some have an irregular shape. The two
to three rows of large scutes on the forward surface of the
metatarsus aid in identifying the anterior surface. The
marginal boundaries can be seen fully only in medial and
lateral views (figs. 28 and 377), but the encircling proximal
and distal boundaries can be seen in several views (figs. 27
to 29). The proximal boundary is common with the ankle
region; the distal boundary is the caudal end of the tarsometatarsus at the junction with the basal end of toes II, III, and
IV (fig. 25).
The posterior boundary follows the margins of the medium
size scutella on the caudal surface of the metatarsus. The
medial margin of the posterior surface bypasses the base
of the metatarsal spur so that the spur is included in the
medial surface (figs. 42, E and F; and 377, B). The inferior
boundary of the posterior surface (fig. 27) was placed at the
basal end of the accessory metatarsus.
The metatarsal spur, Hke the beak and claws, has two
parts—the underlying osseous structure and the covering of
heavily keratinized epidermis. The spurs in the chicken
project from the axis of the metatarsus at an angle of about
90"" and are pointed posteromedially at about a 45° angle.
They are placed between the middle and distal thirds of the
metatarsus. A more extended discussion of the metatarsal
spur is in chapter 9, beginning with page 609.
The accessory metatarsal region (figs. 27 to 29) corresponds
to metatarsal bone I (fig. 25) already mentioned. The
proximal and distal joints are the reference landmarks for
the region; the latter is more readily palpable. These joints
are circular because the accessory metatarsus is rodlike.
Below the accessory metatarsal is a thickening called the
metatarsal fold; it lies between the metatarsal pad and the
base of digit I. The metatarsal pad is at the end of the tarsometatarsal bone and is identified in figures 27; 28; 43, A;
44, A and C; and 377, G. Its boundary is well indicated by the
crease on one side betw^een fold and pad and on the other
side between pad and bases of toes.
The joint between tarsometatarsus and the bases of
third and fourth digits establishes the distal end of the
medial surface of the metatarsus. The lateral surface, hke
the medial surface, is broad adjacent to the ankle, and it
narrows distally to a point between accessory metatarsus and
fourth digit. It contains reticulate scales.
The general remarks made earlier on the toes of birds
apply to the chicken; the phalangeal formula is 2, 3, 4, 5, —.
The first toe is the shortest, the third is the longest ; the fourth
toe has five phalanges and is only shghtly longer than the
second with three phalanges. In the chicken all phalanges
are relatively long except the terminals and those of the
fourth toe. Although round in cross section, the toes seem
to be divided into dorsal and ventral surfaces, based chiefly
on scale structure and placement of the interdigital w^ebs.
However, reference to the side of the toe is not excluded.
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The location of joints is indicated by dashed Unes across the
toes in figures 27 to 29. The phalangeal bones are enlarged
at each joint (fig. 25) and are readily palpable.
The chicken has an intermediate interdigital web joining
toes II and III and a lateral inter digital web joining toes III
and IV (fig. 43, A). The webs in the chicken extend no farther
than the distal ends of the basal phalanges. The free edges
of the webs are curved with the concavity outward. The w^ebs
are located at the junction of dorsal and ventral surfaces of
the toes, and their surfaces are covered with small reticulate
scales (ñg. 42, S).
The digital claws of the chicken are short and only slightly
curved and their bases are large and strong. They are adapted
to cursorial locomotion and to the function of scratching.
The claws have two surfaces—dorsal and ventral—which
are called, respectively, dorsal plate (unguis) and ventral
plate (subunguis). The dorsal surface curves downward
laterally and medially to form the sides of each claw. The
upper surface is composed of compact horn; the lower of sole
horn, which is thinner and less dense than the compact horn.
At the base of the claw is a fold of skin that borders the
margin of the base. The fold involves the apical scale on the
dorsal surface, the lateral scales on each side, and part of
the terminal digital pad. Claw^ length is least in the hallux,
intermediate in digits II and IV, and greatest in digit III
(fig. 43, C-F). Curvature of the middorsal profile is greatest
on the hallux, about equal on digits II and IV, and least
on digit HI. These comparisons are best made on the baby
chick. In older birds the tips of the claws become broken
and worn, and in some birds rotation of the phalanges makes
the claw^ point sideways instead of downward. Claws may then
become abnormally long because the usual abrasion is lacking.
In side view, part of the ventral contour is formed by
the ventral margin of the dorsal plate, and part is formed by
the downward protrusion of the body of the ventral plate.
This downward protrusion is caused by the tubercle at the
basal end of the terminal phalanx. In the young chicken, this
protrusion of the ventral plate by the underlying bone
continues to the tip of the bone, but in older birds it is masked
by a proliferation of subungual laminae that parallel the
plane of the ventral plate and have their free edges converging toward the midline (figs. 43, G-I), These thin plates are
soft and opaque. The increase in number and extent of these
laminae with age is indicated in these illustrations. At
hatching only one or two laminae are present, and these lie
in the angle between dorsal and ventral plates. In the young
bird the laminae become more extensive; toward the tip
laminae from the two sides meet, and the point of junction
is marked by a line. In the adult chicken almost the entire
ventral plate may be covered by these cornified laminae, so
that the translucent underlying keratin is visible only at the
basal end of the claw. These cornified laminae probably
protect the underlying keratin from the abrasion associated
with scratching and other cursorial activities. With use these
laminae and the lateral edges of the dorsal plate may be
almost completely worn away.
The proximal end of the dorsal plate passes under the

terminal dorsal scale proximally almost to the level of the
joint (fig. 380). The ventral plate arises on the distal side of
the tubercle of the terminal phalanx and thus does not reach
as far proximally as does the dorsal plate.
Other species.—Because of its large size, the turkey provides
excellent material for study of the foot—regions, surfaces, and
especially scale types. Pads and interpad spaces for other
species have already been described. In spite of the large
size of the turkey foot, there are but two rows of scales on the
anterior surface of the metatarsus, whereas in the adult
Plymouth Rock male there is a tendency to form three rows.
The comments presented here on the turkey do not indicate
differences from the chicken but point up some additional
features that are common to both turkey and chicken.
The posterior surface of the turkey foot has two rows of
rather broad scutella, the lateral of which restricts the width
of the lateral surface with the result that its narrowest part
is only two small scales wide. Both of these columns of
scales converge tow^ard the base of digit IV. The large
scales on the anterior surface of the metatarsus overlap
hardly at all near the proximal end of the foot, but near the
tarsometatarso-phalangeal joints is considerable overlap, and
this applies also to the scales on the dorsal surfaces of the toes.
During strong flexion of the toes the overlap disappears.
A metatarsal fold is less dominant in the turkey than
in the chicken. On the other hand, the metatarsal pad is
particularly bulbous. The scales are sharply circumscribed,
low flattened (macular) projections. The scales are of the
same type, but smaller ones are present on the digital pads
and interpad spaces.
The Common Coturnix has two rows of relatively large
scales on the anterior surface of the metatarsus. The groove
between the rows follows the median line of the anterior
surface. Laterally the scales lie well up on the sides of the
metatarsus. The two rows are continuous with those of the
dorsal surface of toes III and IV.
No metatarsal spur is present in the Common Coturnix,
and therefore the two rows of scales that occupy the posterior
surface of the metatarsus extend the full length of this region
and terminate at the base of the accessory metatarsus and
metatarsal pad. The lateral surface has its narrowest part
spanned by three small scales. The rows of small reticulate
scales are directed toward the outer side of the last toe. The
medial surface is directed toward the base of the second toe,
and the adjacent space toward the hallux.
The Common Coturnix has long slender toes, and all pads
are rather small and delicate; the metatarsal fold is absent,
and the metatarsal pad is little more than a thickened layer
of skin covering the tarsometatarso-phalangeal joints. All the
claws are strongly curved.
The metatarsus of the White Pekin Duck (fig. 42, C) is
flattened laterally with a rounded front surface and bears
several rows of scales. Those along the leading edge are
largest and are continuous with the dorsal surface of the
middle toe; the two rows of scales near the lateral border are
smaller and are continuous with the small dorsal scales of
digit IV (fig. 38). The scales on the narrow posterior surface
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Metatarsus
Metatarsal spur
Metatarsal pad
Digit I
Interpad space 1
Accessory metatarsus

Digital pads:

^^S^^

anges:

1-2

Metatarsal fold
Metatarsal pad
r Interpad space
Interpad spaces

Digital
pads
Interpad space 4
Digital pad 4-5

FIGURE

43.—Toes of the Single Comb White Leghorn Chicken {A, C-I) and Bronze Turkey (B).

A, view of the plantar surface of the toes showing digital pads (unshaded) and interpad spaces (shaded).
B, profile view of digit IV to show pads and interpad spaces of the
Bronze Turkey.
C, D, E, and F, profile view of claws on digits I to IV, respectively,
showing the size and arrangement of scales on the dorsal surface and

terminal pad in the young chicken.

G, H, and /, ventral and cross section views of claws showing the
increase in dehiscence of corneum to form laminae with increase in
age. The level at which b and c sections were taken is indicated by the
dashed line in a; c is a higher magnification of the ventral plate shown
in h. (B drawn by Raynard LeNeil; all others by Casimir Jamroz.)
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Claw
Digit III
Digital pads
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Metatarsus
Metatarsal fold
Interpad space
Metatarsal pad

Interpad space 1
Digital pads
Digital pad 1-2
Medial interdigital web
Interpad space 2
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Digital pad 2-3
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interdigital web
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Interpad space
Digit IV

Digit II

Digit III
FIGURE

44.—Joints, digital pads, and interpad spaces of avian toes. Interpad spaces are indicated by stippling.

A, plantar surface of the toes of a Common Pigeon.
B, longitudinal section of the third digit of a Common Pigeon,
showing the relationship of pad and interpad spaces to the joints.
Numerals in regular type indicate that only a small portion of the

pad overlays the phalanx bearing that numeral, and the numerals
in boldface type indicate that most of the pad overlays the phalanx
of that numeral. These agree with the data in table 1.
C, plantar surface of the toes and web of a White Pekin Duck.
D, longitudinal section of digit II of a White Pekin Duck.
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are only slightly larger than those on the broad lateral and
medial surfaces. In fact the boundaries separating these three
surfaces are partially arbitrary; they begin below the hypotarsus and extend approximately parallel. One margin ends
at the junction of metatarsal pad and last toe, the other
shares the common boundary of the accessory metatarsus in
its lower part and ends at the base of the metatarsal pad.
The medial surface of the metatarsus is broad, the proximal
end is the diagonal lower boundary of the ankle region. The
medial surface excludes the accessory metatarsal region and
terminates distally at the level of the first joint of toes II and
III. The small scales of the medial surface are continued onto
the dorsal surface of the second toe, thus the middle toe is the
only one having large dorsal scales. The lateral surface of the
metatarsus has small scales also, and this surface terminates
at the distal end of the tarsometatarsus.
The webs join the full length of toes II to IV. An incomplete
medial interdigital web is attached to the medial side of
digit II (fig. 44). The webs are thin and leathery, and the
scales, designated as cancellate, are extremely small and are
actually the denser areas between intersecting furrows. The
scales of the webs adjacent to the digits are larger than those
more centrally placed. The partial medial interdigital web is
covered with scales similar to those of the dorsal surface of
digit II; on the ventral surface, the scales are smaller, similar
to those of cancellate areas. The metatarsal pad is well defined and extends forward on to the basal phalanx of the
middle toe.
The claws are shghtly arched, about to the same extent
as in the chicken, but the dorsal plate is strongly curved
circumferentially around the toe so that the ventral plate is
reduced to a narrow band covered with many laminae.
The scales of the pigeon are large, red, and strongly outlined. The dorsal (anterior) surface of the metatarsus has
fundamentally two rows of scales, but at the upper end those
of the lateral side are large and those of the medial side are
small or absent. Toward the base of the toes, the large scales
become smaller as the row swings laterally toward the base of
toe IV, and the scales of the medial row become larger as they
pass toward the base of toe III (fig. 41). The scales on the
posterior and lateral surfaces of the metatarsus are so
slightly elevated and poorly delimited that the wrinkles in
the thin red skin are more conspicuous than the scales. As a
result, the boundaries that divide the posterior, medial, and
lateral surfaces have no relationship to any pattern of scales.
The dorsal surface of each toe of the pigeon carries a
single row of large scales. Adjacent to these, along the lateral
edge of the dorsal scales, is an abrupt transition to a cancellate
type of organization in the skin. The skin of the metatarsal
pad, metatarsal fold, and ventral surfaces of all the toes is
elevated into closely packed flattened papillae, which are
separated by narrow sulci. On the free surface of most of the
papillae is a shallow pit. The structure of the papillae enhances the grip of the feet w^hen the bird perches.
The claws are moderately compressed laterally, though
there is a large dorsal plate and a small ventral plate as in
the chicken. The curvature on the claws for each of the toes
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1.—Distribution of interpad spaces and digital pads on
the toes of five species of domestic and laboratory birds^

TABLE

Digit II

Digit I

Digit IV

Digit III

._

Bird
IPS
Single Comb 1 a-b
White
Leghorn
Chicken.

DP

IPS

DP

IPS

IPS

1-2
2-3
3-4

1-2

1-2
2

2 a-b

2-3

2-3

4

3 a-b
3-4
Bronze
Turkey.

1

1 a-b

1

4-5
1
1-2
2-3
3-4

1-2

1-2

1-2

2

2

2-3

2-3

4

3
3-4
Common
Coturnix.

2

2

2

1-2

1-2

1-2

2

4-5
1

1

1

1

2-3

2-3

3

DP

la-b

1 a-b

1 a-b
1-2

DP

3

3
4

3-4
4
5

White
Pekin

1

1-2

1-2

1-2

2

2

2

Duck.

1

1

1
1-2

2-3

2-3

2-3

3

3

3-4

3-4
4

4-5
Common
Pigeon.

1

1
1
1-2
2
2-3

1

1 a-b
1-2

1-2
2
2-3

1-2
2-3
3-4
4
4-5

3
3-4

1 Abbreviations: IPS, interpad space; DP, digital pad. See text for
further explanation of numerical symbols, p. 72.

is about the same as shown in figures 43, C-F, Some partially
desquamated laminae cover the ventral plate, but they are
not as abundant in the pigeon as in the chicken.
Pads and interpad spaces.—Even a cursory examination
shows that the plantar surface of the toes of birds has elevated
digital pads and less elevated interpad spaces (fig. 43, A). Our
search of the Hterature failed to reveal names for the individual pads and spaces. To fill this need, we selected names
that seemed appropriate; later we revised, these names.
Eventually we found that any set of names failed to have
general apphcability to species from different orders and even
within orders. This is due chiefly to the fact that sometimes
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a pad covered parts of two phalanges and sometimes only of
one. This difference is important; Lull (1904) discussed how
the difference influences the interpretation of fossil footprints.
We devised a system of coding the relationship of pads and
interpad spaces for each phalanx and joint of each toe for
the five kinds of birds (table 1). The system is described in
the paragraphs that follow.
In table 1, under the heading for each digit, are two columns, IPS (interpad space) and DP (digital pad). The
Arabic numerals in these two columns identify the phalanges.
The pads and interpad spaces for the Single Comb White
Leghorn Chicken (fig. 43, A) are as follows: Phalanx 1 of
digit I has two interpad spaces, a and b separated by a furrow.
Distal to these interpad spaces is a pad, the smaller part of
which lies below phalanx 1 and the larger part of which is
under phalanx 2. To indicate that the terminal pad is not
equally distributed proximal and distal to the joint, the numeral 1 is shown in regular type and the 2 in boldface type. If
both numerals are printed in regular type, the pad is distributed about equally distal and proximal to the joint.
On digit II, there is proximally an interpad space composed of two parts—a digital pad over the first joint, partly
below phalanx 1 and partly below phalanx 2. Next is an
interpad space composed of two parts that are associated
entirely with phalanx 2, followed by the terminal pad that
Hes beneath the phalanges and the joint of 2 and 3.
Digit III begins with an interpad space having two parts;
the distal of these is elevated almost to the level of the pad
and is shown in figure 43, A by intermediate shading. The
first pad covers the joint and adjacent phalanges of 1 and 2.
The interpad distal to this lies entirely below phalanx 2;
the pad beyond covers the joint. The third interpad space is
long and is divided into two parts. The terminal digital pad
covers the joint and parts of phalanges 3 and 4. It now should
be relatively simple to correlate pads and spaces of digit IV
(fig. 43, A) with the data in table Ï.
For the foot of the turkey, an outline drawing was made
only of the fourth digit (fig. 43, B). The digital pads are
placed so that the joints proximally bisect each pad. Pad 3-4
is slightly asymétrie in relation to the joint.
The pattern for the Common Coturnix is similar to that

for the chicken and turkey except for the fourth toe. The
quail has a regular alternating sequence of interpad spaces
and pads rather than a grouping of several pads. The coding
is closely similar to that for the duck, but the general appearance of the foot of quail and duck differs partly because of
differences in toe webbing. The pads of the latter are elongated, and both the pads and spaces may be crossed by very
sUght grooves indicated by dotted lines in figure 44, C. A
longitudinal section of the second toe of the duck is diagramed
in figure 44, D. This toe has a long first digital pad with a
slight tendency to form a crease over the joint.
Pads and spaces in the pigeon (fig. 44, A) are arranged
somewhat Hke those of the chicken except, as indicated in
table 1, many of the pads lie more under the distal Joint than
under the proximal joint for digits II and III. This is diagramed in figure 44, 5, a longitudinal section of digit III.
Associated with each terminal digital pad is a digital claw.
At the sides of the toe, in line with the intermediate scales, are
one or two truncate scales that fill the angle between the
pad and dorsal scutes, similar to those shown for the chicken
(figs. 43, C-F). These scales are placed diagonally and overlie
the dorsal plate of the claw. By this arrangement the anterior
ends of the terminal pads are limited almost entirely to the
ventral surfaces, rather than to ventral and lateral surfaces.
The first toe has only a single pad, the terminal one;
proximal to this and beneath the basal phalanx is the interpad
space. In 11 of 23 newly hatched chickens, this area was
undivided by transverse creases, in nine there were two parts,
and in three there were three parts. (No adult chickens were
found with three parts.) Basal to the interpad area of digit I
and beneath the metatarsal bone of this digit is the metatarsal
fold. When the hallux is flexed this fold may resemble a welldeveloped pad except for its narrow rectangular shape, but
extension of the first digit may flatten this fold to approximately the level of the interpad space.
Our study of variations of pads and interpad spaces of the
fourth toe among 100 11-day-oId Single Comb White Leghorn
Chicks, showed that one chick had a divided number 4
interpad space, and two chicks had double 3-4 and 2-3 pads.
The 1 interpad space was single in 40 chicks and it was
creased to form two parts in 60 chicks.

CHAPTER 2

Principles of Pterylosis
DEFINITIONS
Only a few 18th-century authors, whose studies were reviewed by Scherren (1903), recognized that most birds are
not uniformly covered with feathers. Nitzsch completed
much of the text and the copper plates for an extended
monograph on the pterylosis of birds before his death, about
1837. His successor, H. Burmeister, compiled and translated
the material from Latin into German. It was published in
1840. Later it was translated into English by W. S. Dallas
and edited by P. L. Sclater (Nitzsch, 1867).
Nitzsch (1867) used the term ''pterylography" to designate
the pattern of feather tracts in birds. This term is still acceptable, but ''pterylosis" is more commonly used. Miller
(1915) introduced the term ''ptilosis." At present all three
terms, as well as the modified forms ''pterylology" and
''ptilology," are in use. May (1945) proposed that the term
''ptilology" be used to cover the whole science of plumage,
including the study of the microscopic structure of feathers
(microptilology), and that the terms ''pterylosis," "pterylography," and "pterylology" be limited to the morphology
of or studies on feather tracts. Except as noted, this distinction is in harmony with the following definitions quoted from
Webster's Third New International Dictionary (1965:1835):
Pterylography
Pterylographer

Pterylographic
Pterylological
Pterylology
Pterylosis
Ptilology

Ptilosis

''The study or description of the
pterylae of birds."
(Used by Heimerdinger (1964), not
in the dictionary.)
Suggested definition: one who studies
and records the pterylosis of a bird.
". . . of or relating to pterylography."
''. . . of or relating to pterylology."
The study of pterylosis. (Not found
in the dictionary.)
''Arrangement of feathers in definite
areas of growth (pterylae)."
''The study of ptilosis, a term meaning the plumage of birds, irrespective of pterylosis."
(Taken from May (1945), not in the
dictionary.)
"Plumage, irrespective of pterylosis."

Heimerdinger (1964) did not define the term ''pterylog-

rapher;" the definition suggested here was derived from the
connotation taken from her text (p. 7).
Thomson (1964:670) considered ptilosis and plumage
synonymous. Humphrey and Parkes (1959:30), however,
restricted the term ''plumage" to mean a single generation of
feathers. They explained (p. 5) that previous workers had
used the term in a broader, vaguer sense, meaning a stage
in a sequence of the total appearance of a bird. These meanings are almost similar, but the context usually makes the
intended meaning clear. Some confusion can be avoided by
applying the term "ptilosis" to the feather coat only, as we
have done in this study.
Birds in general appear to be covered with feathers over
their entire body, except for feet, beak, and eyes. Naked or
seemingly naked skin in birds, such as in the head region of
turkeys and vultures, attracts attention because it is atypical.
Yet a continuous distribution of feathers over the avian
body is found almost exclusively in the "ratite" birds, which
include the kiwis, cassowaries, emu, rheas, and ostrich. The
small feathers on the head and neck of cassowaries may give
the impression of naked skin. Among the "carínate" birds,
the penguins have almost a complete feather coat, and
DeMay (1942) has described such a condition in detail for
the screamers. In all others the plumage is interrupted.
The feathers are segregated into tracts or groups intermingled
with featherless spaces over the body. The pattern of the
feathered tracts and the featherless spaces was presented by
Nitzsch (1867) for representatives of most of the major

groups of birds. As a result of his extended studies, a basic
plan was formulated for pterylosis of birds in general. He
established criteria for the identification of a pteryla and
for an apterium. The former was to be based on the presence
of contour feathers only, and all the feathers were to be visible
on the external surface of the plumage. The latter was
identified by the absence of feathers or by the existence of
down or semiplume feathers. In some adult birds, however,
the complete gradation of types from down to pennaceous
plumes makes it difficult to adhere closely to these criteria.
Application of strict criteria produces some inconsistencies
that are pointed out where the pterylosis of the chicken,
turkey, and Common Coturnix is described in chapter 3.
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PTERYLAE
Although Nitzsch's classification was used as a guide in
compiling the key to feather tracts (Pterylae) (next column),
the key contains some additions and changes in terminology
established by common usage since 1900; also, some of
Nitzsch^s terms have been deleted. In the past, the need for
subdividing most pterylae, especially the capital, spinal,
and ventral tracts, has brought about the naming of tracts
according to the region of the body on which the tract occurs.
Boulton's (1927) designation of these subdivisions of
feather groups by the term ''region," leads to some ambiguity
of meaning because he did not clearly define the names either
in terms of regions or of tracts. For example, we assume that
if he had written a term out in full, it would have read
^'frontal region of the capital tract." We, on the other hand,
have listed each region as a tract under the inclusive plural
heading, ''Capital tracts." Heimerdinger (1964) has avoided
using the word ''region" by subdividing the dorsal tract
into anterior, saddle, and posterior elements and the ventral
tract into flank and main elements.
It is certainly confusing to use the term "region" for both
a feather tract (or part of a feather tract) and a circumscribed
anatomical part of the body. The distribution of a group of
feathers is often but not always identical with the body
region of the same name, chiefly because the feathers may
occupy only a small part of the particular region, the remainder being a featherless area. Also, a feather group having
the name of one region may extend into an adjacent region.
A tract, such as the loral, does not exist as a named anatomical region. The occipital tract approximates the parietal
region in its placement on the head. It could not correspond
in location to the occipital region because this region is fully
covered by neck muscles. Therefore, to avoid possible ambiguity in this publication, we have termed all feather
groups"tracts," and we have reserved the term "region"
for areas of the body, independent of plumage. Nitzsch did
not use the term "region" to indicate a subdivision of a
tract, instead he called such subdivisions parts when they
were linear in arrangement and he called them branches
when they were offshoots from the main tract. Nitzsch used
the term "tract," not only for large feathered areas but also
for small groups as we have done here; an example is his use
of the terms "anal tract" and "oil-gland tract." Nitzsch
(1867) used the name "featherless space" in referring to an
apterium.
During the course of preparing this chapter and the next,
it soon became apparent that some new names had to be
selected to designate groups of feathers not specifically
mentioned in the literature. Also it seemed desirable to
change a few names well established in the literature to those
that would be less controversial or less ambiguous and that
more specifically designated the group of feathers to which
reference was being made. These changes, as well as all other
names used throughout the text and illustrations, are listed
in the key to the feather tracts that follows this paragraph.
The changes are discussed throughout the text. Also, the

list of featherless spaces on page 93 should be examined
because featherless spaces are inseparably associated with
the tracts; without the one, there cannot be the other. The
lists of tracts and spaces can be confusing to those covering
this subject for the first time without previous background,
but they will be aided by the frequent references made to
figures 50 to 52 of the Great Horned Owl and to the numerous illustrations in chapter 3, The old terminology reviewed
and the new terminology introduced in this chapter are
the tools we use in succeeding chapters to describe domestic
birds.
In the following key to the feather tracts (pterylae) and
subdivisions, some of the named tracts apply only to the
owl; most of them, however, apply to the domestic birds
discussed in this and the following chapter.
Capital tracts (pterylae capitales)
Frontal tract {pteryla frontalis)
Coronal tract {ptenjla coronalis)
Occipital tract (pteryla occipitalis)
Auricular tract (pteryla auricularis)
Postauricular tract (pteryla postauricularis)
Temporal tract (ptenjla temporaUs)
Loral tract (pteryla lorata)
Superciliary tract (pteryla supercilii)
Ocular tracts (pterylae oculares)
Upper ocular tract (pteryla ocularis superior)
Lower ocular tract (pteryla ocularis inferior)
Genal tract (pteryla genae)
Rictal tract (pteryla rictus)
Malar tract (pteryla malaris)
Spinal tracts (pterylae spinales)
Dorsal cervical tract (pteryla cervicalis dorsalis)
Lateral cervical tract (pteryla cervicalis lateralis)
Interscapular tract (pteryla interscapulaiHs)
Dorsal tract {pteryla dorsalis)
Lateral scapular tract (pteryla scapularis lateralis)
Pelvic tract (pteryla pelvina)
Lateral pelvic tract (pteryla pelvina lateralis)
Lateral body tract (pteryla corporalis lateralis)
Ventral tracts (pterylae ventrales)
Yentml ceYYïGal tract (pteryla cervicalis veniralis)
Interramal tract (pteryla interramalis)
Suhmalav irmt {pteryla stibmalaris)
Pectoral tract (pteryla pectoralis)
Lateral pectoral tract (pteryla pectoralis lateralis)
Medial pectoral tract (pteryla pectoralis medialis)
Sternal tract {pteryla sternalis)
Abdominal tract (pterylae abdominales)
Lateral abdominal tract (pteryla ahdominalis lateralis)
Medial abdominal tract (pteryla ahdominalis medialis)
Cloacal tract (pteryla cloacalis)
Cloacal circlet (circulas cloacalis)
Caudal tracts (pterylae caudales)
Dorsal caudal tract (pteryla caudalis dorsalis)
Lateral caudal tract {pteryla caudalis lateralis)
Tail feather(s) —rectrix, rectrices {rectrix, rectrices)
Upper major tail coverts (tectrices caudales majores superiores)
Upper median tail coverts (tectrices caudales medianae superiores)
Upper minor tail coverts (tectrices caudales minores supeiHores)
Oil duct circlet (circulus uropygialis)
Ventral caudal tract (pteryla caudalis veniralis)
Under major tail coverts (tectrices caudales majores inferiores)
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Caudal tracts {pterylae caudales)—Continued
Under median tail coverts {tectrices caudales medianae mferiores)
Under minor tail coverts {tectrices caudales minores inferiores)
Downs of the tail {pimnae caudae)
Upper proximal downs of tail {plumae proximales superiores caudae)
Upper distal downs of tail {plumae distales superiores caudae)
Under distal downs of tail {plumae distales inferiores caudae)
Tracts of the anterior appendage (wing) {pterylae membri anterioris {ala))
Brachial tracts {pterylae brachiales)
Humeral tract {pteryla humeralis)
Subhumeral tract {pteryla subhiimeralis)
Posthumeral tract {pteryla posthumeralis)
Upper posthumeral coverts {tectrices posthumerales superiores)
Posthumeral quills {pennae posthumerales)
Under posthumeral coverts {tectrices posthumerales inferiores)
Alar tracts {pterylae alares)
Hand {manus)
Primary remiges {remiges primariae)
Upper primary coverts {tectrices primariae superiores)
Upper major primary coverts {tectrices primariae majores
superiores)
Upper median primary coverts {tectrices primariae medianae
superiores)
Upper minor primary coverts—first row {tectrices primariae
minores superiores—ordo primus)
Upper minor primary coverts—second row {tectrices primariae
minores superiores—ordo secundus)
Under primary coverts {tectrices primariae inferiores)
Under major primary coverts {tectrices primariae majores
inferiores)
Under median primary coverts {tectrices primariae medianae
inferiores)
Under minor primary coverts—first row {tectrices primariae
minores inferiores—ordo primus)
Under minor primary coverts—second row {tectrices primariae
minores inferiores—ordo secundus)
Ahilar remiges {remiges alulae)
Upper major alular coverts {tectrices majores superiores alulae)
Under major alular coverts {tectrices majores inferiores alulae)
Marginal coverts {tectrices marginales)
Upper marginal coverts of the hand {tectrices marginales
superiores mani)
Upper marginal coverts of the alula {tectrices marginales
superiores alulae)
Under marginal coverts of the hand {tectrices marginales
inferiores mani)
Under marginal coverts of the alula {tectrices marginales
inferiores alulae)
Wrist {carpus)
Carpal remex {remex carpalis)
Upper carpal coverts {tectrices cárpales superiores)
Upper major carpal covert {tectrix carpalis majoris superior)
Upper median carpal covert {tectrix carpalis medianae superior)
Upper minor carpal covert {tectrix carpalis minoris superior)
Under carpal coverts {tectrices cárpales inferiores)
Under major carpal covert {tectrix carpalis majoris inferior)
Under median carpal covert {tectrix carpalis medianae inferior)
Under minor carpal covert {tectrix carpalis minoris inferior)
Forearm {antehrachium)
Secondary remiges (remiges secundarii)
Upper secondary coverts {tectrices secundariae superiores)
Upper major secondary coverts {tectrices secundariae majores
superiores)
Upper median secondary coverts {tectrices secundariae medianae
superiores)
Upper minor secondary coverts—first row {tectrices secundariae
minores superiores—ordo primus)

Tracts of the anterior appendage (wing) {pterylae memhri anteriores
{ala) )—Continued
Alar tracts {pterylae abares)—Continued
Forearm {antehrachium)— Continued
Upper secondary coverts {tectrices secundariae superiores)—Cont.
Upper minor secondary coverts—second row {tectrices secundariae minores superiores—ordo secundus)
Marginal coverts {tectrices marginales)
Upper marginal coverts of the prepatagium {tectrices marginales superiores prepatagii)
Under marginal coverts of the prepatagium {tectrices marginales inferiores prepatagii)
Under forearm tract {pteryla antebrachialis inferior)
Downs of the wing {plumae alae)
Hand {manus)
Upper primary downs {plumae primariae superiores)
Upper distal primary downs {plumae primariae distales
superiores)
Upper median primary downs {plumae primariae medianae
superiores)
Upper proximal primary downs {plumae primariae proximales
superiores)
Under primary downs {plumae primariae inferiores)
Under distal primary downs {plumae primariae distales
inferiores)
Under proximal primary downs {plumae primariae proximales
inferiores)
Alular downs {plumae alulae)
Upper alular downs {plumae superiores alulae)
Lower alular downs {plumae inferiores alulae)
Wrist {carpus)
Upper carpal downs {plumae cárpales superiores)
Upper distal carpal down {pluma carpalis distalis superior)
Upper proximal carpal down {pluma carpalis proximalis
superior)
Under carpal downs {plumae cárpales inferiores)
Under distal carpal down (pluma carpalis distalis inferior)
Under proximal carpal down {pluma carpalis proximalis
inferior)
Forearm {antehrachium)
Upper secondary downs {plumae secundariae superiores)
Upper distal secondary downs {plumae secundariae distales
superiores)
Upper median secondary downs {plumae secundariae medianae
superiores)
Upper proximal secondary downs {plumae secundariae proximales superiores)
Under secondary downs (plumae secundariae inferiores)
Under distal secondary downs {plumae secundariae distales
inferiores)
Under proximal secondary downs (plumae secundariae proximales inferiores)
Tracts of the posterior appendage {pterylae membri posterioris)
Femoral tract {pteryla femoris)
Anterosuperior angle {angulus anterio superior)
Posterosuperior angle {angulus posterio superior)
Inferior angle (angulus inferior)
Infracaudal margin (margo infracaudalis)
Tensor muscle of the femoral tract (M, tensor pterylae femoralis)
Crural tracts (pterylae crurales)
External crural tract (pteryla cruralis externalis)
Internal crural tract (pteryla cruralis internalis)
Crural flag (vexillum crurale)
Metatarsal tract (pteryla metatarsalis)
Digital tracts (pterylae digitales)

76

CHAPTER 2—PRINCIPLES OF PTERYLOSIS

Some tracts in the deplumed bird are conspicuous because
the feather follicles within the tract are large and close together. Usually the skin is thick, and the area of large feathers
has sharply defined boundaries. These are named ^ ^strong
tracts." Often associated with a strong tract is a subdermal
body of fat that adds to the thickness of the skin in the area;
the sharp margins of the fat body often coincide with the
boundaries of the overlying tract. In contrast, other tracts
have small feathers implanted in small follicles that are so far
apart that the pterylae often have poorly defined boundaries.
In these areas, subdermal fat bodies are usually absent or
present in a small amount. These are named ^Veak tracts'^
The same tract may be strong in one part and weak in
another.
The humeral tract and the cervical portion of the spinal
tract are examples of strong tracts. The sternal tract may be
weak in its anterior end and strong throughout the remainder
of its length. The lateral abdominal tract is weak in the
chicken; in the other species examined, it is replaced by an
apterium. An interruption in the continuity of a tract may
occur as either a real gap or a false gap, according to Nitzsch
(1867:20). The former is a featherless area within a tract,
the latter is an apparent space but is occupied by contour
feathers. These feathers are smaller than those that form the
main body of the tract and may resemble down feathers. In
this study, large and small contour feathers were included as
part of a tract. Tracts may be divided or double, and among
various species a tract may be present in one species and
absent in another, as described by Nitzsch (1867). Therefore,
the pterylosis of a bird can be used as a taxonomic character
(Heimerdinger, 1964:213).

Capital Tracts
The capital tract was named by Nitzsch (1867), who regarded it as a single tract. This tract has been subdivided
by Boulton (1927), Burt (1929), Miller (1931), Compton
(1938), Miller and Fisher (1938), Fisher (1943), and Pitelka
(1945). In this publication we followed Compton (1938),
who included the feathers of the malar region as a subdivision of the capital tract. Like Compton, we regard the
interramal and submalar regions as anatomical parts of the
head. Furthermore, in deahng with the pterylography, we
agree with Compton that it is preferable to treat the interramal and submalar tracts as the two anterior parts of the
ventral cervical tract. The authors listed above designated
capital tract in the singular, as did Nitzsch, but we have
chosen to use it in the plural as a term covering a group of
tracts.
Nitzsch suggested that the term ''head tract'' be applied
also to the upper cervical portions of the spinal and ventral
tracts as far as the point where they separate at the lateral
cervical apterium. However, since the point of origin of this
space is highly variable among different species of birds,
this criterion for the boundary would lead to confusion.
Therefore, it seems desirable to limit the capital tracts to
the feathers of the head in spite of their continuity with those
of the neck.
Compton (1938) is one of the few who has been willing to
indicate boundary lines for each of the capital tracts (fig
45). He showed nine tracts, including the interramal and
submalar, whereas in the feather tract key we hsted 12,
with a subdivision of the ocular into upper and lower parts.
This difference in number is due to the fact that we have

/ .

Frontal
Superciliary

Coronal
Auricular

ocular apterium

External nasal opening

Occipital
External ear opening
Postauricular
Lower ocular apterium
Dorsal cervical

Ventral cervical

FIGURE

45.—Placement and boundaries for the capital tracts of the Osprey (Pandion haliaetus). (Redrawn from Compton,
1938, fig. 1).
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included temporal, genal, and rictal tracts. If the location,
size, and extent of tracts for the Osprey {Pandion haliaetus)
(fig. 45) are compared with our application of this information
to the chicken (figs. 53 and 54), the reason for these few
differences becomes apparent; namely, in the Osprey (fig.
45) the auricular tract is outlined as an extensive area whereas in the chicken it is shown as a small area with a boundary
enclosing the external ear opening (fig. 53). Compton,
however, apparently estabhshed the boundaries for the
auricular tract on the basis of the plumage arising from
around the ear opening. If we circumscribe the auricular
plumage in the chicken (fig. 54), we obtain a spread comparable to that shown for the Osprey. In the pigeon, the
ptilosis of the auricular area is almost similar to that shown
for the Osprey. The question, therefore, arises whether the
boundaries for a tract should be based on the location of
fohicles on the skin or on the extent of the plumage that
comes from those folUcles? We have tried consistently to
follow the former point of view in our studies of pterylosis
and the latter point of view in our studies of ptilosis.

Spinal Tracts
Nitzsch (1867) used the term ^'spinal tract'' to describe the
location of the follicles on the dorsal surface of the body. We
use the term ^'spinal tracts'' (plural) and apply the term
"tract" (singular) to each of its subdivisions. Nitzsch (1867:
21), in describing the spinal tract, stated, "This extends along
the whole vertebral column, . . . from the nape of the neck
to the tail, and is bounded by the lateral spaces of the neck
and trunk."
Nitzsch Hsted only two subdivisions, whereas we have listed
four that constantly occur and two that are found only in
particular species. The four major subdivisions are dorsal
cervical, interscapular, dorsal, and pelvic. Our terminology
agrees with that of Humphrey and Butsch (1958) and Humphrey and Clark (1961) except that these workers used the
term "regions" and we use "tracts." A lateral-scapular tract
(region) was named by Compton (1938) and a lateral-pelvic
tract (region) was named by Burt (1929) and by Compton
(1938). As mentioned previously, we found it less confusing
to place the origin of the dorsal cervical tract at the base of
the head than to place it on the nape of the neck. As a synonym for Nitzsch's spinaltract, Heimerdinger (1964) suggested
the term "dorsal tract," which she considered as extending
from the capital tract to a point just anterior to the uropygial
gland. We have used dorsal tract in the more limited sense of
lying within the prodorsal region. The caudal termination is
somewhat different from that given by Nitzsch and is discussed on page 78.
The term "lateral cervical tract" is not in common usage;
in the two instances in the literature where it was used, it had
different meanings. Actually, there is no true lateral cervical
tract in birds, but Nitzsch (1867) applied the term to the
condition found in herons, where, due to large dorsal and
ventral cervical apteria, the two halves of the adjacent tracts
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are displaced laterally to such an extent that the lateral
apteria are obliterated and a feather tract composed of the
united halves of the dorsal and ventral tracts has come into
existence on the side of the neck. On an entirely different
basis, Burt (1929) applied the term in woodpeckers to a
branch from the dorsal cervical tract that projected into the
lateral cervical apterium.
The interscapular tract is an important part of the spinal
tracts and was recognized as a distinct unit by Humphrey
and Butsch (1958) and Humphrey and Clark (1961) in ducks,
by Pycraft (1898) in owls, by Boulton (1927) in the House
Wren (Troglodytes aedon), by Burt (1929) in woodpeckers,
by Pitelka (1945) in the Scrub Jay (Aphelocoma coerulescens),
and by others. In some species, such as the chicken, it stands
apart as a group of folhcles and feathers distinct from the
anteriorly located dorsal cervical tract. In other species no
natural boundary occurs between these two tracts and the
separation is arbitrary; it is usually placed across the base of
the neck at the anterior level of the shoulders. The interscapular tract then extends from this transverse line caudally
to a level between the last cervical and the first thoracic
vertebrae.
Heimerdinger (1964), like Nitzsch (1867), extended the
capital tracts onto the dorsal neck; for Nitzsch the capital
tract ended at the level where the lateral cervical apterium
began, and for Heimerdinger it ended at the point of transition in the direction of rows from the midline. In the neck
portion of the capital tract, as identified by Heimerdinger,
the apexes of the pairs of rows are directed caudally, and the
rows extend forward along the dorsal surface and side of the
neck. Where the rows change direction and the apexes point
forward, marks the beginning of Heimerdinger's dorsal tract.
(We call this the interscapular tract.) This group of folhcles
is continuous with all those that follow it, as far as the oil
gland papilla on the dorsal tail. Caudal to the interscapular
tract is the dorsal tract and immediately posterior to this, the
pelvic tract. What we have designated "dorsal tract," Heimerdinger has named "saddle element," and what we have
named "pelvic tract," she has named "posterior element."
The dorsal and pelvic tracts are broadly continuous in the
species we have examined, but in the passerines studied by
Heimerdinger (1964) there is always a sharp discontinuity at
the common boundary. Humphrey and Butsch (1958) found
unbroken continuity between dorsal and pelvic tracts in the
Labrador Duck (Camptorhynchus labradorius). In such a
situation, for the sake of convenience, one may use the term
"dorsopelvic tract" to designate these two combined as one.
Similar continuity is present in the five kinds of domestic
birds included in this study. When a natural boundary exists
between dorsal and pelvic tracts, it should be used to separate
the tracts, but if there is unbroken continuity, then the anterior end of the ilium should be utiHzed and accepted as an
arbitrary boundary.
Most investigators extend the pelvic tract onto the dorsal
tail so that all that remains to be included in the caudal tract
are rectrices and their coverts. In our studies we have chosen
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to divide the pelvic and caudal tracts at the anatomical
boundary between pelvis and tail. We have used the same
boundary for separating the abdominal and ventral caudal
tracts. Support for so doing is found in Nitzsch (1867: 31) j
who described the caudal tract as follows:
This [the caudal tract] occurs on the true tail, or the last caudal
vertebrae. From it originates the rectrices, and both the upper and
lower tail coverts {tegmina cauclae superiora et inferiora). It also
includes the oil-gland, to which we shall refer more particularly
hereafter. It likewise receives the posterior extremities of the spinal
tract, the two truncal bands of the ventral tract, and the extreme
portion of the lumbar tract.

Burt (1929), in his study of certain North American
woodpeckers, designated a tract that lay lateral to the pelvic
tract and parallel to it, as the lateral pelvic region (tract).
This band of feathers continues on to the tail as far as the
upper tail coverts (included in the feather tract key on page
74), but was not found in the five kinds of domestic birds
under study. In the Red-tailed Hawk {Buteo jamaicensis),
Compton (1938) identified a lateral pelvic region (tract) and
also showed a group of three feathers on each side of the base
of the tail that he labeled the postpelvic region, but this small
group of feathers does not appear to be significant in his
subsequent discussion of several species, and therefore it
was omitted from the feather tract key.

Caudal Tracts
Included under caudal tracts in the feather tract key are
10 groups of feathers, among them are three rows of upper
tail coverts and three rows of under tail coverts. In none of the
birds that we have studied are all these rows present; often
either the coverts are hmited to upper and under major rows
or the under covert rows are merely part of the ventral caudal
tract.
A count of the rectrices is made by beginning at the midline
and proceeding laterally. Although the number of rectrices is
not constant within each species, the size, number, and arrangement are useful tools for taxonomic comparisons. Several authors have listed the number of rectrices among groups
of birds (Nitzsch, 1867; Newton and Gadow, 1893-96;
Miller, 1915, 1924b). Coues (1903: 124) diagramed most of
the tail types based on the whole tail and gave each a name.
The shape is determined when the tail is closed or nearly
closed. Chickens do not have a flat tail as do most birds. The
name 'Vaulted type'' is used to describe the arrangement of
caudal feathers that resembles the roof of an A-frame house.
The two medial feathers are commonly called deck feathers, a
term that might erroneously lead one to believe they are
coverts. In many species of birds the medial pair of rectrices
lies at a different level than the remainder, as shown in the
lateral view of the owl (fig, 51).
Gn the dorsal surface of some species is a circlet of small
feathers at the tip of the uropygial papilla. The presence or
absence of this oil gland circlet was previously considered to
be of taxonomic value (Coues, 1903: 89).

Ventral Tracts
Nitzsch (1867: 26) gave a clear statement of the ventral
tract and its subunits. He recognized three major divisions:
a guiar portion on the ventral side of the neck, a truncal portion on the breast and belly that is divided longitudinally,
and a lateral offshoot of the truncal portion that he named
the 'lateral tract.'' To the first we have appHed the term
"ventral cervical tract," to the second, ''sternal and abdominal tracts," and to the third, "pectoral tract."
Many of the names of the subdivisions of the ventral tract
have been changed since Nitzsch developed his terminology
for pterylography. We have followed closely those subdivision
names used by Humphrey and Clark (1961), except for the
substitution of the word "tract" for "region."
At the anterior end of the ventral cervical tract are two
subdivisions, the interramal tract, corresponding in its boundaries to the interramal region, and the submalar tract, occupying the area of the submalar region. Generally, the ventral cervical tract divides to form two branches, one on each
side of the midline. These have complete continuity with the
pectoral tracts, and an arbitrary fine of separation is placed
at the anterior end of the shoulder.
Our use of the term "pectoral tract" is equivalent to the
term "flank region," by Humphrey and Clark (1961) and to
"flank element" by Heimerdinger (1964). Flank, in mammals,
is defined as the side of the body between the ribs and pelvis
and therefore would be equivalent to the lateral abdominal
region; the pectoral tract, however, entirely overlies the rib
cage and sternum ventral to the pectoral muscles. Our term,
"pteryla pectoralis,'' is similar to that used by Lowe (1925),
^'pteryla veniralis pedoraUsJ'
The sternal tract lies on each side of the keel, sometimes
close to it and sometimes far laterally. It may be narrow or
wide, and it may have continuity with the pectoral tract, but
in most species of birds, it does not.
The pectoral tract is often stronger than the sternal tract.
In most species of birds the pectoral tract is single, but in the
Great Horned Owl this tract has two parts, which are designated the medial and lateral pectoral tracts (figs. 51 and 52).
The medial part is composed of large contour feathers, closely
placed, but the feathers of the lateral part are farther apart;
yet when observing the plucked bird, two distinct tracts are
apparent.
Sometimes the pectoral and sternal tracts are confluent,
thereby eliminating the pectoral apterium. Examples are the
Northern Gannet (Moms hassanus ( = Dysporus hassanus)),
Nitzsch (1867: pL 10); the White Pekin Duck, the Common
Pigeon; and all passerines studied by Heimerdinger (1964).
In some birds, as in the Great Bustard (Otis tarda) and the
California Condor (Gymnogyps californianus), the tract of
the pectoral region extends posteriorly and unites with the
sternal tract, leaving an insular space, which Miller and
Fisher (1938) designated as the "sternal apterium." In this
study we have designated the space between the pectoral and
sternal tracts as the "medial pectoral apterium" and that between the medial and lateral pectoral tracts as the "lateral
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surface, the subhumeral on the ventral surface, and the posthumeral on the posterior margin.
The humeral tract is present in all birds illustrated by
Nitzsch (1867); it is usually a strong tract and has welldefined boundaries. It forms a band that extends from the
anterior edge of the shoulder and proximal corner of the
prepatagium, across the arm, to the caudal edge of the metapatagium. The feathers of the humeral tract produce a lanceolate group of feathers that lies above the base of the wing,
over part of the back, and extends beyond the posterior margin to fill the space between the wing and the body. Usually
the anterior end of the tract crosses part of the shoulder joint,
as already mentioned for the Great Horned Owl, but it may
be located more distally on the arm as in the plantain-eaters
{Musophaga spp.) or in the European Cuckoo {Cuciilus
canorus). Occasionally, the humeral tract may be double as
in the Blue Coua (Coua caerulea) (Berger, 1953:13), the Green
Woodpecker (Piciis viridis) (Shufeldt, 1888), and the Brownthroated Parrot {Aratinga pertinax). Burt (1929) named these
two parts the "inner" and "outer humeral tracts" in the
Pileated Woodpecker {Dryocopus pileatus ( = Ceophloeus pileatus)). The humeral tract, or at least its posterior part, has also
been designated the "scapulohumeral tract" by Humphrey
and Clark (1961) and by Heimerdinger (1964).
The humeral tract is separated from adjacent tracts by
featherless spaces—medially by the scapular apterium and
distally by a space we have named tlie ''humeral apterium/'
In some birds the humeral tract may be joined at its anterior
end by one or more rows of feathers of the ventral cervical
tract, as in the chicken (fig. 60). In the Northern Gannet,^ a
lateral extension of the interscapular tract joins the medial
side of the humeral tract thereby covering the dorsal shoulder
(Nitzch, 1867: pi. 10). In the Great Horned Owl, a few
scattered contour feathers on the dorsal surface of the backLateral Body Tract
called the lateral-scapular region by Compton (1938)—form
The lateral body tract is composed of feathers found on the
a small band joining the dorsal and humeral tracts (fig. 50).
lateral body surface. The only feathers conspicuous enough
On the distal side of the humeral tract, the feathers of the
to constitute a tract are found below the axiUary region
upper marginal coverts of prepatagium may be so widely
within the prolatus. The lateral body tract is absent in the
distributed that they extend to the edge of the humeral tract
Great Horned Owl but is present in the domestic chicken,
and thereby eliminate the humeral apterium, as in a Mouseturkey, duck, Common Coturnix, and Common Pigeon. The
bird {Colius colius ( = C. capensis)) and the Common Sandfeathers of the lateral body tract are covered by the folded
grouse (Pterocles exustus), as illustrated by Nitzsch (1867:
wing.
pis. 6 and 7). Only a small humeral apterium exists in the
Bronze Turkey (fig. 73). In many species the proximal end
Anterior Appendage Tracts
of the posthumeral tract is joined to the caudal part of the
hunaeral tract.
Brachial tracts
On the ventral side of the upper arm, in some species, is a
The tracts of the wing are divided into two groups—
group
of large contour feathers, which are particularly apbrachial tracts and alar tracts. The former are on the upper
parent
in the White Pekin Duck (Compton, 1938), the Redarm and, therefore, in a broad sense, might also be considered
tailed
Hawk
(Buteo jamaicensis), the Great Horned Owl
as alar tracts. Although the terminology given in the feather
(figs.
51
and
52), the chicken, and other domestic and
tract key departs from the time-honored precedent for namlaboratory
birds
(figs, 61, 75, 82, 90, and 97). Compton desiging tracts on the upper arm, the need for terms that specinated this group of feathers the "subaxillar region." This
fically identify the location of these feather tracts seems to
group has also been designated "axillars," which is probably
justify the change. We have substituted the term ''subthe term most commonly used today. Thompson (1901) aphumeral" for ''axillar'' and "axillary" and the term "postplied the term "hypopteron" to this same group of feathers.
humeral" for "tertiary" and "tertial." On the upper arm,
We propose that the terms "subhumeral tract" and "subtherefore, are three tracts—the humeral tract on the dorsal

pectoral apterium'' (figs. 51 and 52). Generally, however, the
apterium lateral to the pectoral tract has continuity with the
lateral body apterium and therefore is not designated by a
different name. Apteria are discussed more fully beginning
on page 92.
The abdominal tract is continuous with the sternal tract
and extends to and includes the vent. Most authors agree
that the line of separation between the abdominal and sternal
tracts is the posterior margin of the sternum. Burt (1929)
used about the same names for subdivisions of the ventral
tracts but applied them differently. The ventral tracts include the cloacal circlet, composed usually of a single row of
small feathers surrounding the vent. When the cloacal circlet
is not distinctly separated from the abdominal feathers on
the anterior and posterior surfaces of the vent, then the
feathers on the lip of the vent are included with the abdominal tract or its subdivision, the cloacal tract.
Four possible subdivisions are mentioned under abdominal
tracts in the feather tract key on page 74; of these, the cloacal
circlet and the cloacal tract have already been discussed. Of
the remaining medial and lateral abdominal tracts, the medial
abdominal is the only tract usually present. But in some birds,
such as female chickens, where the ^'fluff'' is large and covers
the entire abdominal area, it seems too arbitrary to imply that
the fluff feathers on the strong portion of the tract are the
complete abdominal tract and that identical fluff feathers
lateral to these belong to an apterium. In the chicken, the
lateral abdominal tract is a weak tract composed of semiplumes. In the turkey, however, the laterally placed feathers
are downlike and far apart, and in this bird the position of the
lateral abdominal tract of the chicken is occupied by a lateral
abdominal apterium.
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humeral feathers'' be used instead. On the ventral surface of
the brachium the group is equivalent anatomically to the
humeral tract on the dorsal surface. Our objection to using
''subaxillar'' or ''axillar" is that these terms do not accurately
designate the region in which the feathers are implanted.
The axilla, according to both Borland's (1957) and Stedman's (1961) medical dictionaries, is the axillary fossa or
armpit. The bird has an armpit which, as in man, is the fossa
created by the junction of an arm to the side of the body and
is bounded by adjacent muscles,^ but these feathers are not
located there; instead, they lie on the ventral surface of the
upper arm, forming one or more longitudinal rows between
the elbow joint region and the axillary fossae.
The feathers of the third group on the upper arm have been
designated "tertiary remiges," "tertials," or "tertiaries" by
many authors who have described the alar tracts of birds.
Berger and Lunk (1954: 124) reviewed the synonyms and
significance of this group of feathers and mentioned the term
"parapteron" used by Degen (1894: xxi). These feathers are
on the posterior margin of the upper arm between elbow and
humeral tract and may be limited to a few at the elbow joint
as illustrated by Berger (1953) in the Blue Coua (Coua
caerulea), or they may be spread along half the length of the
arm. Where present, they are usually slender contour feathers,
which lack the rigidity that characterizes primary and
secondary remiges. Occasionally the tertiaries are smaller
and shorter than their coverts. This depends, however, on
which rows are designated as tertials and which as coverts.
We have assumed that the longest feathers should be designated "tertials" or "posthumeral quills" and the shorter
ones above and below this row should be named the "upper"
and "under tertial" or "posthumeral coverts." The name
"posthumeral quills" has been used in labeling figures 46 to
49. The term "remiges" has been avoided, and the term
"quills" is used instead.
The feathers of the most inferior row of the posthumeral
tract, by their position, appear to be continuous with the
secondary remiges, and are often downlike and generally
small. In our study, wherever a group of feathers is found on
the posterior region of the upper arm and the group is clearly
not a continuation of the secondary remiges, the term "posthumeral tract" is used. These feathers are shown in the Great
Horned Owl (fig. 50) but not in the same detail as in four
other species of wild birds (figs. 46 to 49).
The posthumeral tract is commonly composed of two to
four rows of feathers. These feathers differ from the primary
and secondary remiges in four respects: (1) They are not
pressed against the humérus; (2) the longest ones usually are
not the most posterior row of feathers in the tract; (3) they
are generally smaller and more ñexible than primary or
secondary remiges; and (4) if it is typical for afterfeathers to
be present in contour feathers of the species, they will be
present here on the quills as well as on the coverts, in contrast
to their absence on remiges and rectrices.
1 The musculature on the ventral side of the wing produces both an
anterior and a posterior axillary fossa (see the turkey, fig. 31).

Some authors (for example, Burt, 1929) have appHed the
name "tertiaries" to all the rows of feathers. The term
"parapteron" has hkewise been used both for the remexhke
feathers (Beddard, 1898: 9) and for the entire tract (Pycraft,
1898: 232, 237, pi. 24). The name ''parapterum'' was first
appHed to this tract of feathers by Nitzsch (1867: 31). The
feathers have also been called humeral coverts (Reichling,
1915:239).
The name "tertiary" or "tertial" was originally intended to
show that the remexhke feathers on the upper arm were in a
series with the primary and secondary remiges. It has long
been recognized that these feathers are not continuous, and
that tertiary or tertial, therefore, is an inappropriate term, a
conclusion maintained by Degen (1894: xxi) many years ago.
The feathers of the posthumeral tract often merge with
those at the posterodistal corner of the humeral tract and
with the secondary remiges and their coverts. Distinctions
between these groups may be arbitrary, as pointed out by
Humphrey and Clark (1961: 376).
While it is often clear that the posthumeral quills are not in
series with the secondary remiges, the covert row with which
they have true continuity, if any, is not so evident. The
posthumeral quills have been considered to be continuous
with either the upper minor or the upper major secondary
coverts (summarized by Humphrey and Clark, 1961: 376).
It is frequently impossible, however, to follow the rows with
certainty; if there is any continuity at all between the secondary remiges and one of the rows of the posthumeral tract, it is
with the under major posthumeral coverts, but as mentioned
earlier, these are often small and downy. In the Falconiformes
(Compton, 1938) there is a sharp change in feather type from
secondaries to posthumerals and, as Compton has pointed
out (p. 20), "The tertiaries are not a continuation of the
secondaries but are homologous with the lesser upper secondary coverts. The row that is homologous to the secondaries is
the second row of under tertial coverts (middle under tertial
coverts)." Some of the difíiculties inherent in placing an
exact line of demarcation between secondaries and tertiaries
are indicated by Miller (1925) in his study in the male
Mandarin Duck {Aix galericulata) of a large fan-shaped
feather located at about this point of junction.
We have chosen the point of demarcation between secondaries and posthumerals as the proximal end of the ulna. The
follicles joined to the ulna by a hgament or those unattached
but directed toward the ulna are regarded as secondaries;
those having a juxtaposition to the humérus are designated as
posthumerals or tertials. When the proximal secondaries differ morphologically from the remainder of the secondaries,
some authors (Newton and Gadow, 1893-96: 957; Dwight,
1900a: 89; Kortright, 1942: 16) applied to these proximal
secondaries the name "tertials." Van Tyne and Berger (1959:
83) pointed out a problem that can arise when this is done,
". . . we are completely lost when making comparisons with
species in which these feathers do not differ morphologically."
We have attempted to present evidence and reasons for
avoiding the ambiguity and connotations of tertiary or tertial
and, as already stated, have suggested the term "posthumeral
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Figure
No

2.—Summary of feather rows found in the posthumeral
tracts of several species of wild birds

Species and reference

Horned Grebe (original
data)
47.... Mallard (Humphrey and
Clark, 1961:376) and
(original data)
Falconiform birds
(Compton, 1938: 202)..
48.... Red-tailed Hawk
(original data)
.
Woodpeckers (Burt,
1929' 431)
Common Starling
(original data)
49.... Common Crow
(original data)

PostUpper
post- humeral
humeral quills
coverts

Under
posthumeral
coverts
1st row 2d row

46....

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

tract'' for feathers on the posterior margin of the upper arm
that clearly are not secondary remiges or their coverts. The
hsting of rows found in certain birds is shown in table 2.
The text thus far has dealt with general terminology for
the feather groups on the upper arm and particularly the
posthumeral tract. It seems desirable to amplify the description of the four species of wild birds beyond that given in
table 2 and to discuss figures 46 to 49 in more detail.
The Horned Grebe (Podiceps auritus) (fig. 46), representing a podicipediform, has the last of its 20 secondary remiges
located around the curvature of the cubitus. Dorsal to the
secondary remiges are three barely distinguishable rows of
coverts, which have been labeled major, median, and minor
upper secondary coverts.

The feathers of the posthumeral tract are shown between
the proximal end of the series of secondary remiges and the
posterior end of the tract. The row having the largest feathers
is labeled posthumeral quills (there are nine of these), those
dorsal to this row are called upper posthumeral coverts, and
those inferior to it, the under posthumeral coverts. A small
feather is present between the first posthumeral quill and the
humeral tract. This feather might be the first in the series of
posthumeral quills. Not every posthumeral quill has an upper
covert. In the specimen examined, feathers overlaid quills 3
to 9 so that quills 1 and 2 were without coverts. The upper
posthumeral coverts, 3' to 9', were separated farther from the
quills than were the under coverts. In the latter series, under
major posthumeral coverts began with 3'' and continued to
8'^ In this species the rows are curved together, but it appears as if the row of under posthumeral coverts was in line
with the secondary remiges.
The Mallard is representative of the Anseriformes. Dorsal
to the secondaries of the Mallard are three distinct rows—
upper major, median, and minor secondary coverts (fig. 47).
The pterylosis of the proximal end of the secondaries in the
Mallard is similar to that in the White Pekin Duck (figs. 91
and 94). The remiges each have an under major secondary
covert, except the last one, in this case the 19th. The shafts
of the coverts extend somewhat diagonally across the shafts
of the remiges.
The posthumerals, 1 to 7, are relatively large, widely spaced
feathers. Dorsal to them Hes a single row of upper posthumeral
coverts, 2' to 7'; 1' of the series is absent. Beneath the posthumeral quills is a single row, the under posthumeral coverts,
from 1'' to 6". Proximal to these, additional feathers extend
along the same margin as the posthumeral quills but lie entirely under the large feathers of the humeral tract and therefore are not included as part of the posthumeral tract. Any
conclusions in regard to continuity between a particular row
of the posthumerals and the secondary remiges are purely
speculation when based only on the adult bird. In figures 47
and 91 the upper posthumeral coverts appear to be contin-

Upper posthumeral coverts

Upper secondary coverts

Minor
Median
Major

tract
1-9 Posthumeral quills

^^^

o - o Under posthumeral coverts

Qj/'V^y/ Secondary remiges

FIGURE

46.-Posthumeral tract and adjacent feathers in the Horned Grebe (Podiceps mritm). Dorsal view of left wing.

82

CHAPTER 2—PRINCIPLES OF PTERYLOSIS

Upper posthumeral coverts

Upper secondary covens: y ,0.

Minor

Humeral tract

,

X^^^ ^

ó
4

I'6*^6"
"-/

FIGURE

1"7 Posthumeral quills
i ■b

Under posthumeral coverts

Q^/'Q«) Secondary remiges
>lî/"H5y Under major secondary coverts

47.—Posthumeral tract and adjacent feathers in the Mallard {Ana^ platyrhynchos). Dorsal view of left wmg.

uous with either the upper minor or median secondary covert
^^^^*
In the Red-tailed Hawk, a falconiform, the arrangement of
feathers on the posthumeral tract (fig. 48) is similar to that

2-7

already mentioned in the podicipediforms and anseriforms.
There are 15 large secondary remiges and two additional
ones, the 16th and 17th, that are distinctly smaller and
rather more widely spaced. Probably the 16th and 17th,

upper posthumeral

Upper secondary coverts:
Major
posthumeral coverts

Median—,

^i£/^iJJ Secondary remiges
H£/

FIGURE

VIE/ Under major secondary coverts

48.—Posthumeral tract and adjacent feathers in the Red-tailed Hawk (Buteo jamaicensis). Dorsal view of left wing.
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upper posthumeral coverts

Upper secondary coverts:
Median

Major

1-7 Posthumeral quills
1-8 Under posthumeral coverts
\\j ' vJJJ/ Secondary remiges
^fi^ y¿m (^mf/fo.^

FIGURE

QOy Under major secondary covert

49.-Posthumeral tract and adjacent feathers in the Common Crow {Conm brachyrhynchos). Dorsal view of left wing.

but certainly the 17th, he on the humérus rather than on the
forearm. In fact it is doubtful if the 17th is a secondary remex.
The upper major secondary coverts form a distinct group
whose feathers are relatively large.
The axis of the row for the posthumeral quills cuts diagonally toward the upper median secondary coverts and perhaps even to a higher level. These quills are numbered 1 to 7,
and above them he the upper posthumeral coverts 2^ to 7\
The under posthumeral coverts, 1'' to 7", are shown lying
on the proximal side of each posthumeral quill. In the hawk
there may be some question as to whether V' is actually the
first under posthumeral covert or if it should be assigned to
the group of small contour feathers immediately below the
humeral tract. We observed a total of three rows in the posthumeral tract of the Red-tailed Hawk (fig. 48 and table 2).
Compton (1938: 202) stated that in falconiforms there were
two rows of under coverts and one row of upper coverts.
These, added to a row of quills, make a total of four rows.
This difference in the number of rows may be due to variability among individual birds of this order.
Passerine birds are represented by the Common Crow
(Corvus brachyrhy7ichos), in which 10 secondary remiges have
been identified. In figure 49, the last four of the 10 are shown.
Immediately above them are four upper major secondary
coverts, each corresponding to its equivalent remex. The
group is circled by dashed lines for easy identification.
Dashed lines also enclose three upper median coverts, which
probably represent 8, 9, and 10.
It is difficult to draw a line clearly distinguishing the last
feather at the distal edge of the humeral tract from the first
feather at the proximal end of the posthumeral tract. Figure
49 shows seven posthumeral quihs but this could vary by one.
In this as in the other examples shown in this series of drawings, the direction taken by the row of posthumeral quills is
toward the upper minor or median secondary coverts. The

row of seven upper posthumeral coverts has at the distal
end of the row an additional feather that may be number 8,
corresponding to a missing quill. Each under posthumeral
covert lies on the proximal side of its posthumeral quill.
Alar tracts
The alar tracts have been studied more than any other
plumage group. Out of these studies has come a large number
of subdivisions, as indicated by the length of the list on page
75. These subdivisions have many synonyms, some of which
were compared in a table by Wray (1887a). The large, stiff,
pennaceous feathers that project posteriorly from the postpatagium in a single row are called the flight feathers or
remiges. Above and below these are several overlapping rows
of feathers called coverts. The feathers on the ventral side
are often smaller and less numerous than those on the dorsal
side. A plan whereby only two edges, leading and trailing,
converge to a point at the distal tip of the wing, would seem
to predicate a simple organization, but actually the pattern
of wing feathering is highly complex and can be resolved into
something meaningful only when the embryology of the wing
has been taken into account.
When the wing first develops, the anterior and posterior
borders are rounded and the feather primordia are implanted
on these rounded surfaces as well as on the dorsal and ventral
surfaces (Wray, 1887a). With continued differentiation and
growth, the wing flattens and the rounded margin reorganizes
into the flattened upper and lower surfaces of the postpatagium. Some of the feathers now located on the bird's underside
were at one time in the phylogenetic past located on the dorsal
surface. To what extent there is actual rotational migration
of feather folhcles from dorsal to ventral surface during the
development of the individual, has not been determined.
Steiner (1917 and 1956), from his extensive study of feather
development on the wing, was emphatic in his opinion that
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the pattern of the adult is clearly set forth in the earliest appearance of the folHcles and that migration of feather groups
and rows is phylogenetic rather than ontogenetic. The earlier
studies of Pycraft (1899 and 1904) demonstrated that shifting of the rows could be clearly followed when the feather
buds were forming on the wing. This shifting of feather rows
from dorsal to ventral surface will by chance catch certain
feathers on the edge of the growing patagium. These become
the remiges, and it is obvious that they might not all have
been in the same embryonic row of feather buds. Those not
caught on the edge become coverts, and, depending on the
relationships of the species, some coverts of one may be
homologous with certain remiges of another. Even in the
same species all remiges in a row may not be homologous. A
further discussion of this point is presented (p. 88) after some
definitions of terms have been given.
The remiges on the hand are called primaries or pinion
feathers and those on the forearm, secondaries or cubiláis.
The vestigial digit II (often called digit I) of birds usually
bears remiges called alular feathers or alulars. There is some
question whether these should be called remiges or quills,
but since they have an association with the skeleton, as do
the primaries and secondaries, we have designated them as
remiges. Sometimes the primaries are classified into two
groups, the digitals and metacarpals, depending on the bones
with which the bases of the quills are associated. The digitals
are subdivided into three subgroups (Wray, 1887a)—predigital, middigital, and addigital. The location of each primary remex with respect to a particular phalanx of digit
III is highly constant among most bird species.
The feather arising at the wrist joint is called the carpal
remex (a term coined by Degen, 1894), and it may be fully
developed, rudimentary, or absent. If absent, its location
may be indicated by the presence of a carpal covert as in the
Rouse Wren (Troglodijtes aedon) (Boulton, 1927). Sometimes
only the carpal remex is present and the corresponding coverts
are lacking, as in the woodpeckers (Burt, 1929). The location of a carpal remex and its upper covert is shown in the
nestMng of the Common Coucal (Centropus sinensis). These
feathers lie in the row of upper major coverts between the
hand and forearm (Shelford, 1900). Pycraft (1899, fig. 1,
pi. 15), for the pigeon {Columbia livia), shows the carpal remex in the row between the primary and secondary remiges.
The secondaries are remiges located in the forearm region;
their number varies among species and is approximately associated with the length of the wing. The basal ends of the
calami are attached by ligaments to the ulna.
The primary remiges are numbered from the carpal region
outward by American workers, but in the opposite direction
by most European workers. The American system of numbering the primary remiges has acceptability because the
terminal feather is often small or absent; when absent it
shifts the numbering one place with the result that homo-

logous feathers in closely related genera have different numbers. The term ''remide" has been given to the outermost
primary when it is very small. The number of primaries is
relatively constant for the various species and has taxonomic
value. The number in various families of birds has been presented by Sundevall (1886), Gadow (1888), Jeffries (1891),
and Miller (1924b). The ostrich has the greatest number, 16;
the rheas have 12; and the storks, ibises, flamingoes, and
grebes each have 11 primaries and one remide. Most other
birds have either 10 primaries and one remide or 10 primaries
alone without a vestigial feather. The chicken and Common
Coturnix may have 11 as a variation from the normal number
of 10. The Great Horned Owl has 10 primaries but is said to
have a rudimentary 11th (Pycraft, 1898). In some passerine
groups the number is further reduced to nine primaries
without a 10th vestigial. Gadow (1888) suggested that the
reduction from 12 to 11 took place by reduction of the
metacarpal quills from seven to six, and that the reduction
from 11 to 10 was in all cases brought about by a loss of the
terminal primary.
Numbering of the secondaries begins at the wrist and continues to the elbow. In contrast to the primaries, which have
a relatively constant number, the remiges on the forearm are
highly variable as indicated by the fact that there are six in a
hummingbird (Coues, 1903:118), 18 in the chicken, and 40 in
an albatross (Coues, 1903: 118). According to Steiner (1917),
among the Galliformes, Cracidae have 15; Megapodii
(Megapodiidae), 16; Gallidae (Phasianidae), 16 to 18; and
Tetraoninae (Tetraonidae), 22. The Great Horned Owl has
19 secondaries (Pycraft, 1898), excluding the fifth secondary
from the count. This is in agreement with our own observations (figs. 50 to 52). The presence or seeming absence of a
fifth secondary will be discussed later in this chapter. Sundevall (1886) tabulated the number of secondaries and posthumerals for many orders and species of birds. Excluding
posthumerals, he Hsted 18 for turkeys, 10 for the domestic
chicken, and 11 for the Common Pigeon. Our counts for
turkey, chicken, and pigeon are greater than SundevalPs.
The axial feather in the ^'American Standard of Perfection''
(1953: 30) was defined as 'The short feather growing between
the primaries and secondaries of the wing." On page 31 it was
stated that key-feather is the ''same as axial feather.'' In
this case, reference was being made to the outermost remex
on the ulna and not to the carpal remex. In our opinion the
axial feather (of the poultryman) is the first secondary. Exactly which shah be designated as the first secondary feather
has led to some lack of uniformity; Mitchell (1899) suggested
that the carpal remex is the first secondary. This is a small
feather located in the region of the wrist, between the proximal end of the primaries and the distal end of the secondaries.
In Webster's Third New International Dictionary (Gove,
1965: 153) axial feather is defined as: ". . . a small feather
between the primary and secondary wing feathers of some
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FIGURE

50.—Pterylosis of the Great Horned Owl {Bubo virginianus)—dorsal view. Follicles of down and semiplume feathers
represented by dots. (Modified by Raynard LeNeil.)
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51.—Pterylosis of the Great Horned Owl (Buho virginianiis)—right lateral view. Follicles of down and semiplume
feathers represented by dots. (Modified by Raynard LeNeil.)
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52.—Pterylosis of the Great Horned Owl {Bubo virginiamis)—ventral view. Follicles of down and semiplume feathers
represented by dots. (Modified by Raynard LeNeil.)
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birds." From this definition it is not possible to determine if
Mitchell's ^^carpal remex" is intended or the poultryman's
''axial feather/' Pycraft (1899: 245) discussed both the carpal
remex and the rudimentary first secondary as follows:
... I think the probability is that the [carpal] ^'remex" is really
correctly so named, and that it represents a feather more or less
completely dwarfed and in course of disappearance. Its office—as
a remex—has not entirely ceased. It is probably being slowly
crushed out of existence by reason of its position, which is in the
angle of the wing caused by the folding of the band on the forearm.
The first cubital remex of the Gallinae is, like the carpal remex,
and for the same reason, undergoing a similar process of reduction.

A gap, known as a diastema, is present in birds of many
species between the fourth secondary and the secondary just
proximal to it. This is shown in an owl (fig. 50) and a duck
(figs. 88, 90, and 91). The condition was first noted by Gerbe
(1877), who concluded that it was due to the absence of the
fifth secondary. It was hence designated aquintocubitalism
in contrast to quintocubitalism where the fifth secondary was
present. Wray (1887a), Newton and Gadow (1893-96), and
other workers of their time accepted the idea that a feather
had been lost and that the secondary just proximal to a diastema was equivalent to the sixth in a quintocubital series.
Independently, but a few years later, Mitchell (1899) from
his studies of adult anatomy and Pycraft (1899 and 1904)
from his studies on embryos arrived at the idea that the space
was not due to the loss of the fifth secondary but had resulted
from the shifting of rows of feather follicles. Pycraft (1899)
regarded eutaxism as typical of the primitive condition. Instead of the old terms, Mitchell suggested the terms
^^diastataxic" and '^eutaxic,'^ w^hich are in general use today.
A diastataxic wing has a diastema and a eutaxic wing does
not. The evolution and selective advantage for the diastataxic
wing are still controversial.
In our text and illustrations for owl, duck, and pigeon, the
material has been treated as if there w^ere a missing fifth.
Until some of the differences of opinion are definitely resolved,
it seems desirable to do this; if we number and label according
to Pycraft, we will be wrong in respect to Steiner. It may be
confusing to some who have followed this phase of pterylosis
with painstaking exactitude (for example, Humphrey and
Clark, 1961), but the plotting of feathers in the adult for the
three species mentioned has failed to indicate the shifts
others have described, the direction taken, and the presence
of intercalary rows. The subject is discussed again in chapter
3 and even more thoroughly in chapter 8 after the feather
musculature has been examined. Mitchell (1899) and Steiner
(1917) have expressed the opinion that the diastataxic condition was the most primitive one and that subsequently the
gap closed due to a shifting of adjacent feathers. Van Tyne
and Berger (1959: 82) noted that ''Many of the more primitive groups of birds are diastataxic; . . .'' Steiner (1917 and
1956) strongly advocated this point of view. He regarded
Archaeopteryx as diastataxic and stated that there was evidence for this type of feather development in the rhea embryos. He Hsted a table of many famiHes to support his idea
that diastataxy occurred more frequently among low^er orders

of birds. His table should be compared with the groups Hsted
below.
Later writers have also come to regard the origin of the
space as clue to a shppage of feather row^s past each other in
such a w^ay that the portion of the original embryonic row
from the fifth to the last secondary has rotated around the
edge of the wing and become the under major coverts for the
feathers that took their places and hence became the definitive
secondary remiges. Steiner also was of the opinion that during
the course of many generations there has been a slippage but
in the opposite direction. The ''catching" of dorsal feathers
on the ventral side of the wing was w^ell illustrated by Bates'
(1918) study of under coverts. The inversion of feathers was
noted eariier by Pycraft (1899). If an extension of the excellent studies of Holmes (1935) on the development of feathers
in general could be combined with the new^er techniques of the
experimental embryologists and appHed in detail to the wing
of a diastataxic embryo, perhaps further information on the
subject might be obtained.
Miller (1924b) carefully reviewed the distribution of eutaxic
and diastataxic conditions among birds. This distribution is
shown in the following tabulation taken from his work.^
We changed many of the names to bring them up to date
based on Wetmore's (1960) classification and on suggestions
by Van Tyne (1959). In addition, we have done some regrouping.
Universally Diastataxic Forms
Gaviiformes.
Podicipediformes
Proceliariiformes
Ciconiiformes
Anseriformes
Falconiformes
Charadriidae
Laridae
Alcidae
Pteroclidae
Psittaciformes
Strigiformes
Caprimulgiformes.
Coraciidae

Loons.
Grebes.
Petrels, albatrosses, shearwaters.
Herons, storks, ibises, flamingoes.
Swans, ducks, geese, screamers.
Hawks, vultures, falcons, osprey,
secretary bird.
Plovers.
Gulls, terns.
Auks, puffins.
Sandgrouse.
Parrots, lories, macaws.
Owls.
Oilbird, frogmouths, nightjars, goatsuckers, potóos.
Rollers.

Both Eutaxic and Diastataxic Forms
Pelecaniformes

]\Iegapodiidae
Gruiformes
Scolopacidae
Columbidae
Apodiformes
Alcedinidae

Snakebirds, pelicans, boobies (all
diastataxic except one genus of
cormorants).
Megapodes.
Cranes, rails, limpkin, trumpeters,
coots, gallinules, bustards.
Woodcocks, snipes, sandpipers (all
diastataxic except Philohela).
Pigeons.
Swifts, hummingbirds.
Kingfishers.

2 Antedating Miller's tabulation is a shorter one by Pycraft (1899).
A more recent list was presented by J. M. Harrison (In Thomson,
1964:641).
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Universally Eutaxic For7ns
Struthioniformes
Rheiformes
Tinamiformes
Cracidae
Phasianidae
Numididae
Meleagrididae
Opisthocomidae
CucuHformes
Coniformes
Trogoniformes
Meropidae
Momotidae
Todidae
Bucerotidae
Piciformes
Passeriformes

Ostrich.
Rheas.
Tinamous.
Curassows.
Pheasants, chicken, peafowl.
Guineafowl.
Turkeys.
Hoatzin.
Cuckoos, turacos.
Colies.
Trogons.
Bee-eaters.
Motmots.
Todies.
Hornbills.
Jacamars, barbets, woodpeckers.
Broadbills, tyrant flycatchers, songbirds.

The upper coverts (tectrices) fall typically into three
groups—major (greater), median (middle), and minor (lesser).
The under wing coverts fall into these same three groups.
Coverts on the dorsal side of the wing are designated as
^^upper^^ and those below as ''^under'\
The major and median coverts on both upper and under
surfaces of the wing are each represented by a single row of
feathers, whereas the minor coverts may be composed of more
than one row. The major coverts lie adjacent to the remiges
and cover their calami, the downy portions of the feathers,
and the spaces between them. According to Wray (1887a:
345), there is supposed to be one major covert for each remex
as follows: ^'Each remex is serial with the covert proximal to
it, the cubital coverts crossing over the bases of the remiges. . . .'' The next row in an anterior direction is formed
by the median coverts, and the third row and perhaps the
fourth is formed by the minor coverts. In a wing more primitive than that which exists in birds today, one would expect
to find all rows complete from wrist to humeral tract, but in
no living bird is this the case. During the evolution of the
wing there has been a loss of the distal-most ends of these
rows so that no definite statements can be made concerning
feathers present or absent.
Among different kinds of birds, the presence or absence of
certain parts of a row of under coverts—major, median, or
minor—varies even more than it does in the upper coverts.
This is because the plumage on the underside of the wing is
not developed to the same high degree as it is on the upper
side. Also, the feather primordia supposedly have migrated
from the dorsal to the ventral surface. As a result of this migration, a row, which in the primitive bird may have represented the under major coverts, has been pushed forward,
after moving around the edge, to become a row of under
median or of under minor coverts. An illuminating discussion
of this problem was given by Bates (1918), who cited as evidence the fact that the major and median rows of under
coverts have the same orientation as the remiges. Thus, in
relation to the under minor coverts, these under major and
median coverts are seemingly reversed, and the term ^'re-
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versed coverts" is apphed to them. Bates (p. 530) cited the
following interesting example :
The reversed under coverts in the large Plantain-eater, Corythaeola cristata, have their dorsal surfaces of the same beautiful
blue color as those of the remiges, though these surfaces lie flat
against the bases of the remiges and upper coverts and are never
exposed to the light, while the exposed ventral surfaces are dull
black like those of the remiges, and like other feathers of the underside of the wing: thus the reversed coverts are brightly colored
exactly like the upper wing feathers even though in their case the
bright color is never seen.

The reversal of coverts on the under surface of the wing was
mentioned briefly by Wray (1887a : 345) as follows :
The tectrices majores and mediae on the ventral surface have
at first sight an anomalous position. Being on the ventral side of the
adult wing, one would expect the backs of the feathers to look
ventral wards, whereas they look dorsal wards just as do the remiges.

Sundevall, a year earlier (1886: 118) had also noted reversed
feathers.
Another point of diversity among different species of birds
is the direction of overlap. The overlap in the remiges is constant and is the same in all birds, namely, the outer vane of
one remex overlaps the inner vane of the next more distal
remex. Some upper coverts of the major and median rows
have the same orientation as the remiges and these are designated as ''overlap conforming," whereas those tipped in the
opposite direction are called ''overlap contrary'' or "overlap
nonconforming." Part of a row may conform and the remainder may not conform. The feathers may be disturbed
by mechanical means but ruffling returns the feathers to their
established positions. Accidental disturbance of overlap pattern is not as big a factor as might be anticipated, and overlap is remarkably constant for various species (Goodchild,
1886 and 1891-Bates, 1918).
Just as the distal ends of the covert rows tend to be suppressed or to be shifted near the tip of the wing on the upper
surface, the same is true for the under surface. This is clearly
illustrated by Pitelka (1945) in a photograph of the wing of
the Scrub Jay (Aphelocoma coerulescens), where the primary
coverts are composed of only major and minor rows, the under
median row of the arm ending in the carpal region. A similar
absence of the under median primary coverts occurs in the
House Wren (Troglodytes aedon) (Boulton, 1927). A detailed
study of coverts was made by Bates (1918) for many species
of birds representing numerous orders.
The alular remiges are attached on the distal margin of
digit II (see p. 59 for the basis of naming the first digit as
digit II). In some birds the alulars are said to be absent, but
the point was questioned by Miller (1915). Among species,
the number of alulars may vary from two to six but commonly is four. The alular feathers have a great range in size
but are usually smaller than the primaries. Compton (1938)
in his study of pterylosis in falconiforms did not indicate the
order for numbering the alular quills, yet mentioned a
vestigial fifth as being present or absent in association with
the presence or absence of a claw on the pollex, so w^e assume
the most posterior was counted as the first. Van Tyne and
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Berger (1959: 83) spoke emphatically on the subject of
numbering the alular quills as follows:
Alula quills should be numbered from the innermost to the outermost, since in the known cases of reduction in number within a
taxonomic group, it is the outermost quills that are lost (see, e.g.,
Compton, 1938: 202-204); also, this order agrees with the order
of molt (Mayaud, 1950: 59). Unfortunately, the practice has not
been standardized, and such an eminent student of ptilosis as W,
DeW. Miller (1924b: 318) numbered alula quills in the opposite
order.

In all the material we have examined, the system of numbering quills from anterior to posterior, as proposed by DeW.
Miller, seems to assure homologous identification of quill I.
The presence of a rudimentary quill appears to exist at the
posterior rather than at the anterior end of the row and,
therefore, in this study, number I is given as the most anterior (nearest the tip) feather and in doing this, the presence
or absence of a rudimentary feather does not then change the
homologies of feathers having the same number.
Degen (1894: xxix) offered several reasons why the alula
feathers should be called remiges: (1) They are closely associated with underlying bones, (2) they have upper and
under coverts, and (3) the under coverts are reversed in
orientation as they are beneath the secondaries. He stated:
'^This . . . will show that the feather-quills of the ala spuria
or peîinae pollicis are true remiges.^'
The down feathers have generally been ignored, yet, on
the wing in the region of the coverts, they are not merely
scattered plumes; rather, they form definite rows and He in
definite positions relative to the follicles of remiges and
coverts. Terms resulting from the classification system developed in this study are listed in the key to the feather tracts
on page 75. The pattern is definite and precise for the chicken.
In other species the arrangement in rows may be much less
definite. In the duck the downs are so abundant, no classification is appHcable. A terminology of general applicability is
as follows: Those downs near the free margin of the postpatagium are called upper distal primary and upper distal
secondary down feathers; those lying near the middle of the
remex calami are called upper median primary and upper
median secondary down feathers; and those at the basal ends
of the calami are called upper proximal primary and upper
proximal secondary down feathers. On the ventral side of
the wing, the word ^'under'^ precedes the above names for
the downs. In the Great Horned Owl, the upper proximal
primary down feathers are absent. In the chicken there are
fewer rows than in the owl and the rows of down feathers are
much more distinct, some of them showing a transition to
small contour-type feathers.
Our examination of the ventral surface of the wing has led
us to identify a small tract not previously named in the
literature, namely, the under forearm tract. In the Great
Horned Owl (fig. 51) it is a single row of feathers between the
under coverts and the under marginals and separated from
both of these groups by apteria. In the Common Coturnix
(figs. 81, 82, and 86) this tract is also a single row. In the

turkey (figs. 74, 75, and 79) it includes a group of several rows
of feathers, randomly scattered.
The remaining feathers of the alar tract are the marginal
coverts, which are small, contour-type plumes located largely
on the prepatagium from the minor covert row to the free
forward edge. It is often difficult to determine where the
minor coverts end and the marginal coverts begin. Lack of
distinction between upper marginal and upper minor coverts
is discussed further in chapters 3 and 8.
Marginal coverts are present also on the hand. Those of
the prepatagium may extend proximally along the leading
edge as a narrow row to join the humeral tract at its forward
edge. Marginal coverts of prepatagium form two major groups
(1) those on the surface and (2) those, closely placed, on and
near the leading edge.
The under marginal coverts are not as numerous as are
those on the dorsal surface (the upper marginal coverts).
Some of them possibly are derived from the dorsal integument, which has rolled across the leading edge to the ventral
side. This point, however, needs further study. The arrangement of marginal feathers gives the leading edge of the wing
a rounded contour, which has been duplicated in the leading
edge of the airplane wing. This arrangement functions in
such a way as to create Hft and prevent turbulence. In contrast, the trailing margins of the wings of both birds and airplanes have thin edges. Even the bony structure of the hand
carries out this same pattern. The Great Horned Owl shows
the same adaptation to the mechanics of fiight in the leading
edge of the first primary remex; the barbs are short, stiff,
curved bows, which give this edge a slightly rounded contour.

Posterior Appendage Tracts
The only tracts on the posterior appendage are femoral,
crural, and in some birds, metatarsal and digital The femoral
tract is on the integument covering the thigh. In many birds
it is a narrow, strong band with clearly defined margins, but
this is not always the case; for example, in the chicken and in
Great Horned Owl the femoral tract is spread over most of
the surface of the thigh and extends forward onto the adjacent
prolatus. The plumage from the infracaudal margin of this
tract may extend backward beyond the appendage and merge
with the sparse plumage covering the postlatus; only the
margin adjacent to the crus is sharply defined.
The only part of the thigh visible from the medial side is
the inner surface of the knee region. The feathers in this area
tend to be more downy than those on the outer surface and
are not considered to be part of the femoral tract. The femoral
tract in woodpeckers is weak, consisting of a single row of
feathers (Burt, 1929). On the other hand, Shufeldt (1888),
working on the same group, depicted the thigh as nearly
covered with feathers, some of which form a narrow, strong
band. This lack of agreement on what should be included in
the femoral tract is evident in the works of other authors also,
although the problem as such has not been discussed. The
form of the femoral tract may vary among species. This is
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indicated in the following examples: Boulton (1927) found
that in the House Wren the femoral tract was Hmited to a
narrow band on the boundary between postdorsum and thigh
regions. Berger (1953 and 1957) depicted the feathers distributed over the entire external surface of the thigh region
in a Blue Coua {Coua caeruled) and in an extinct starling
(Fregilupus varius).
In certain species the rows of the femoral tract he close
together along the infracaudal margin, as illustrated by
Berger (1953) for the Blue Coua and as shown in the chicken
(figs. 64, C, and 265, A) and in the turkey (fig. 74). The contour feathers from these rows are long and well developed.
In the chicken they produce a caudal extension of the femoral
tract plumage that partially covers the rear body feathers,
but these long feathers do not appear in the owl. A comparable
function in the Great Horned Owl is met by the plumage of
the crural flag. Beebe (1915) applied the terms ^^pelvic wing'^
and ^'pelvic alar tract" to this group of feathers. He observed
in the squab, during the first 3 weeks, that the quills from the
infracaudal margin of the femoral tract, including those of
the crural flag, were unusually large. He suggested that
phylogenetically this represented a pelvic wing and identified
remiges and coverts. The usefulness of a wing in this location,
even in the ghding of the primitive bird, Archaeopteryx
(Nopcsa, 1923; de Beer, 1954), has been questioned.
The crural tract encircles the lower leg from the knee to the
ankle joint. It may end short of the ankle joint as it does in
herons, cranes, storks, flamingoes, rails, sandpipers, bustards,
and others. The feathers in the crural tract are relatively far
apart and do not as a rule form a dense plumage. The tract
has been subdivided into external and internal tracts, corresponding to the external and internal surfaces of the crus;
the plumage is weaker on the internal tract than it is on the
external, and the feathers tend to be more downy. These
statements imply that the external and internal tracts are
well defined, but in reality any division line between them is
arbitrary. In the chicken, where the feather muscles were
studied, we found that the so-called ^^external tract" encompassed about three-quarters of the circumference and the
^^internal tract" was nearly devoid of feathers; this space has
been named the intracrural apterium (fig. 266, A). For this
reason the terms "external" and "internal" were not applied
to the crural tract of the chicken and other species studied,
including the Great Horned Owl, but they are listed in the
key to the feather tracts because there may be some species
for which these terms are applicable.
In some birds, such as hawks, owls, and many cuckoos,
there may be a specialized group of large feathers called a
crural flag in the knee region, just below the knee joint. The
crural flag in the pigeon has already been mentioned. In the
owl the crural flag is separated from the femoral tract by a
femoral apterium (figs. 50 to 52). The follicles of the flag are
close together and support large, long contour feathers, similar to those arising from the infracaudal margin of the
femoral tract. There may be continuity between the two
tracts, as Beebe (1915) found in the pigeon.
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In grouse, owls, many hawks, and in numerous breeds of
chickens, the feathers of the crural tract may continue down
the leg onto the foot. Where these feathers extend but a short
distance onto the metatarsus, they are included as part of
the crural tract, as Compton (1938) reported for the Redtailed Hawk. The term "crural flag," however, seems inappropriate where the feathering extends as far as the metatarsophalangeal joints and onto the surface of the toes as far
as the claws, as in the Great Horned Owl (figs. 50 to 52). The
terms "metatarsal tract" and "digital tract" are used when
the feathers extend into these respective regions. The metatarsal tract may show complete feathering of the metatarsal
portion of the foot, as in certain owls and in ptarmigans, or
the feathering may extend only for varying distances down
the metatarsus. Likewise, there are differences among species
in the lateral and ventral extensions of the tract. In the Great
Horned Owl the tract completely encircles the metatarsus
except for the posterior surface of the ankle, which is occupied by the heel pad and a narrow longitudinal band, the
metatarsal apterium. In the Ruffed Grouse, Cooper's Hawk
(Accipiter cooperii), Red-tailed Hawk, and many of their
allies, feathering is limited to the dorsal and lateral surfaces,
and the ventral surface is bare and covered with scales.
Plumage on the metartarsus is called continuous, because
feathered and nonfeathered areas do not alternate, except
for the Bank Swallow (Riparia riparia) in which the tract
is interrupted, there being feathers on the upper end and a
small tuft at the low^er end just above the hind toe.
Feathering on the digital tracts is always limited to the
dorsal surfaces, where the scutes are usually large; reticulate
scales are present on the ventral surfaces. Wherever feathes
and scales meet at the lateral margins of the toes there is a
slight overlapping of the two types of integumentary structures, and each feather protrudes through or from beneath
the lower margin of the scale. The first scale above the lowest
feather is almost as tough and hard as the one below it, but
each succeeding scale upw^ard into the plumage is softer and
less keratinized. By about the third or fourth scale, the structure has changed and the scales have merged into the general
character of the integument. Blaszyk (1935) has described
the relationship of feathers and scales for several species of
birds, including the Tawny Owl (Strix aluco).
The feathering on the metatarsus and toes has long been
thought to aid in keeping these parts of the posterior appendage warm. In order to arrive at a more scientific opinion
on this subject, Kelso and Kelso (1936) studied the relationship of extent of foot feathering in owls to the environment.
Although there was wide overlapping of toe and metatarsal
feathering in relation to climatic zones, species with bare
appendages tend to be present in tropical, subtropical, and
temperate zones. Lack of foot plumage was associated also
with humid environments. Those species of owls with
metatarsus and toes fully covered with long, dense plumage
were found predominantly in the cooler temperate to
Arctic regions.

92

CHAPTER 2—PRINCIPLES OF PTERYLOSIS

POWDER DOWN PATCHES
The existence of powder down patches has aroused the
curiosity of many, but relatively few investigators have
given them serious study. A summary of literature^ as well
as an original study of birds in which powder downs occur^
was reported by Schüz (1927), Typically, a patch is recognized as a matted clump of waxy, down or semiplume
feathers, hidden in part or completely b}^ the longer surrounding contour feathers. There may be a transition to
typical contour feathers as described in chapter 6 for the
pigeon. See chapter 6, page 335, for a detailed description of
powder-producing feathers as observed in the pigeon. The
powder downs have been described as producing a powderlike talc that makes the powder down feathers slippery.
It has been difficult to establish clearly which species have
powder down feathers and how these feathers are distributed
over the body for the following reasons: (1) In some species
the powder-bearing feathers are not grouped in patches but
are scattered and isolated; (2) powder clowns exist in all
stages of transition from a typical contour feather that produces a little powder on its basal, plumulaceous portion to
the truly distinct powder down feather; and (3) the small
size of the powder particles and absence of identifying
features.
As far as we know, powder feathers have not been reported
for galhnaceous birds. The only suggestion of their presence
is a statement by Schüz (1927) that, at the boundary between
the downy base and the pennaceous part of contour feathers
of francolins, large granules are scattered, and that a finer
powder of homologous substance can be found in the domestic
chicken. No details were given, however, and we have been
unable to confirm the finding in chickens.
The number of pairs of patches varies from one to five, in
addition to the diffused condition found in some birds.
Murie's (1871 and 1872) terminology for classifying powder
down patches according to their location on the body is as
follows :

Dorsal patches
Scapular portion
Lumbar portion
Iliac portion
Caudal portion
Carino-ventral patches
Sternal portion
Abdominal portion
Cloacal portion
Lateral sterno-ventral patches
Pectoral portion
Gastric portion
Coracoid patches
Furcular portion
Cos to-thoracic patches

Cranio-nuchal patches
Head portion
Nape portion
Throat portion
Lateral neck patches
Humeral patches
Brachial portion
Axillary portion
Cubital portion
Alar portion
Anterior
Posterior
Femoral patches
Crural patches

Murie applied the foregoing terminology to the Kagu
{Rhynochetos jubatus) (illustrations in Murie, 1871). Apparently there has been no signiñcant attempt to re-evaluate
these terms. The names that he gave to the patches and to
their subdivisions, which he called portions, indicate the area
or region of the body to which they applied. Not all authors
have followed Muriels terminology. For example, Lowe
(1924), in his description of the five pairs of powder down
patches in the mesite {Mesoenas unicolor), used names that
also described patch locations, but only a few were the same
as those given by Murie. We have not given Latin name
equivalents in Appendix B to powder down patches. We
believe that this area needs extensive restudy and a reevaluation of existing terminology. This has not been attempted here because there was insufficient time to digress
from our study of domestic birds to those wild birds in which
pow^der downs are well developed.
Murie (1872) described in some detail the location of each
of the patches found in the Kagu. Although no classification
of the patches would be fully applicable to all birds, Murie's
principle of choosing terms corresponding to the regions of
the body does seem to have general applicability. Another
problem arises—establishing a boundary for each patch and
portion. As brought out in figure 226, page 336, many patches
are diffuse and spread over a relatively large area without
sharply defined limits.

APTERIA
The featherless spaces (apteria) are not as appropriately
named or well defined as are the tracts. Featherless spaces
may exist due to the absence of a tract, or they may appear
within tracts as insular spaces, or as spaces between the
two parts of a divided tract, or as spaces between adjacent
tracts. The attitude of most observers has been to regard
the apteria as merely the spaces left after the tracts have
been described, and to a certain extent this is true; as a
result, a fully satisfactory terminology for the apteria is

lacking. Based on the assumption that a featherless space
may occur within any of the body regions—either as part of
a region, if the remainder is occupied by a feather tract, or
as filling the whole region, if feathers are entirely absent oi
the space is occupied by down feathers—we present the
following list of featherless spaces {apteria). On this basis
the boundaries of the capital apteria are the same as those
for the tracts and have the same names as the tracts.

APTERIA
Capital apteria (apteria capitalia)
Frontal apterium (apterium frontale)
Coronal apterium {apterium corónale)
Occipital apterium {apterium occipitale)
Auricular apterium {apterium auriculare)
Postauricular apterium {apterium postauriculare)
Temporal apterium {apte^ñum temporale)
Loral apterium {apterium lor alum)
Superciliary apterium {apterium supercilii)
Ocular apteria {apteria ocularia)
Upper ocular apterium {apterium oculares superius)
Lower ocular apterium {apterium oculares inferius)
Genal apterium {apterium genae)
Rictal apterium {apterium ricti)
Malar apterium {apterium matare)
Spinal apteria {apteria spinalia)
Dorsal cervical apterium {apterium cervicale dorsale)
Interscapular apterium (apterium inter scapular e)
Scapular apterium {apterium scapulare)
Dorsal apterium {apterium dorsale)
Pelvic apteria {apteria pelvina)
Median pelvic apterium {apterium pelvinum medianum)
Lateral pelvic apterium {apterium pelvinum laterale)
Ventral apteria {apteria ventralia)
Ventral cervical apterium {apterium cervicale ventrale)
Interramai apterium {apterium interramale)
Submalar apterium {apterium suhmalare)
Sternal apterium {apterium sternale)
Pectoral apteria {apteria pectoralia)
Medial pectoral apterium (apterium pectorale mediale)
Lateral pectoral apterium {apterium pectorale laterale)
Abdominal apteria {apteria abdominalia)
Median abdominal apterium {apterium abdominale medianum)
Lateral abdominal apterium {apterium abdominale laterale)
Cloacal apterium {apterium cloacale)
Lateral apteria {apteria lateralia)
Lateral cervical apterium {apterium cervicale laterale)
Lateral body apterium {apterium corporate laterale)
Caudal apteria {apteria caudalia)
Dorsal caudal apterium {apterium caudale dorsale)
Ventral caudal apterium {apterium caudate ventrale)
Lateral caudal apterium {apterium caudale laterale)
Anterior appendage apteria (wing) {apteria memhri anterioris {ala))
Brachial apteria {apteria hrachialia)
Humeral apterium {apterium humerale)
Subhumeral apterium {apterium subhumerale)
Alar apteria {apteria alaria)
Upper alar apteria {apteria alaria superiora)
Upper cubital apterium (apterium cubitale superius)
Upper.forearm apterium {apterium antebrachiale superius)
Upper alular apterium (apterium alulae superioris)
Upper hand apterium {apterium mani superioris)
Under alar apteria (apteria alaria inferiora)
Under cubital apterium (apterium cubitale inferiorius)
Under forearm apterium (apterium antebrachiale inferiorius)
Under prepatagial apterium (apterium prepatagiale inferiorius)
Under alular apterium {apterium alulae inferioris)
Under hand apterium {apterium mani inferioris)
Posterior appendage apteria (apteria membri anterioris)
Crural apteria (apteria cruralia)
Crural apterium {apterium crurale)
Intracrural apterium (apterium intracrurale)
Metatarsal apteria (apteria metatarsalia)
Anterior metatarsal apterium (apterium metatarsale anterius)
Posterior metatarsal apterium (apterium metatarsale posterius)
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A few additional names have been coined to fit special
apteria. Biirt (1929) used ''median capital apterium'^ to designate a narrow featherless space along the dorsal midsagittal
line of the head. This apterium is found in woodpeckers
and hummingbirds, birds that have extended terminal
processes of the hyoid that curve dorsally over the skull.
Berger (1953) described a small triangular apterium in the
midline of the frontal region in the Blue Coua (Coua caerulea).
In the Great Horned Owl (figs. 50-52) there are apteria in
the coronalj auricular, postauricular, ocular, malar, and
rictal regions. The question, ''Why are there apteria?'^ has
never been satisfactorily answered. Nitzsch (1867:17) suggested (1) that the total feather weight, which is considerable, was reduced by having featherless areas, (2) that a
drain on the metabolism to produce feathers was reduced
by having some areas devoid of feathers, and (3) that
greater freedom of wing and limb movements was possible
if joint areas were not crowded with large contour feathers.
Nitzsch noted also that species wdth small apteria generally
had small contour feathers in those same areas whereas
species with broad apteria bore large contour feathers. Our
own observations on the head of the turkey (p. 101) substantiate the idea that small feathers are associated with
reduced or complete absence of apteria.
Nitzsch (1867) named the following apteria: head spaces,
lateral neck-space, lateral space of the trunk, inferior space,
spinal space, upper wing-space, lower wing-space, and crural
space. He did not, however, subdivide these into lesser units,
as we have done in the foregoing list. But with these subdivisions, it should be possible to describe the apteria for a
large number of species.
The spinal apteria are a series of featherless spaces along
the middorsal back and within the spinal tracts. The part of
the body where a space occurs determines the regional name
applied to it. For example, dorsal cervical apterium, interscapular apterium, dorsal apterium, and pelvic apterium.
One of these, the dorsal, is present in the Great Horned
Owl (fig. 50). Other examples of middorsal apteria were
given by Heimerdinger (1964). Spinal apteria are absent in
a number of birds. Among these are the chicken, the House
Wren (Boulton, 1927), an extinct starling (Fregilupus varius)
(Berger, 1957), and the House Sparrow (Heimerdinger,
1964).
When the spinal tracts are narrow, there are often broad
bare dorsal surfaces on each side of the individual tracts.
Such spaces have never received special names but may be
included as part of the lateral apterium. We suggest the
term "scapular apterium'' for the space between the interscapular portion of the spinal tract and the humeral tract,
and "lateral pelvic apterium'' for the space on each side of
the back (fig. 50) between the pelvic and femoral tracts.
The name "ventral apteria," is given to the succession of
spaces between the paired units of the ventral tracts. Probably every carínate species has at least some part or parts
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of the ventral apteria, except possibly penguins, which have
almost a continuous distribution of feathers over the body.
The ventral apteria are very narrow in the White Pekin
Duck.
The regions in which the spaces appear are indicated by
the names—^Interramal/' ''submalar,'' "ventral cervical,"
"pectoral/' "sternal/' and "abdominal apteria." In addition,
there are dorsal and ventral caudal apteria. Some of these
apteria are shown in the ventral view of the Great Horned
Owl (fig. 52). The locations of the first two are indicated by
their names. A submalar apterium is shown by Berger
(1953) in the Blue Goua and by Compton (1938) in the Redtailed Hawk, where it extends forward into the interramal
region. The sternal apterium is the space covering the keel;
it is present in all birds but varies widely in width among
species. The pectoral apterium is the space between the
sternal tract and the pectoral tract and between the pectoral
tract and the shoulder joint. In the Great Horned Owl the
pectoral apterium is logically divisible into medial and lateral
pectoral apteria, respectively (figs. 51 and 52). However, in
birds such as chicken, turkey, and Common Coturnix, where
the pectoral tract is broad, the lateral component does not
exist. Where the space is small, it is included with an adjacent
apterium, usually the lateral body apterium.
The abdominal apteria begin at the posterior end of the
sternum and extend to the proximal margin of the vent.
The median abdominal apterium Hes between the right and
left branches of the abdominal portions of the ventral tracts.
The lateral abdominal apterium is in the area of the groin
groove. Both abdominal apteria in the Great Horned Owl
(fig. 52) are broad. The terms "median abdominal apterium"
and "lateral abdominal apterium" apply to the situation
illustrated by Berger (1953) for the Blue Coua (Coua caerulea), and by Burt (1929) for the Eastern Pileated Woodpecker (Dryocopus pilcatus = Ceophloeus pileatus). In the
Bronze Turkey (fig. 75), Common Coturnix (fig. 82), White
Pekin Duck (fig. 90), Common Pigeon (fig. 97), and Great
Homed Owl (fig. 52), both abdominal apteria are present.
In the Single Comb White Leghorn Chicken the area of the
lateral abdominal apterium bears feathers that form the
lateral abdominal tract. A small cloacal apterium is shown
on the upper lip of the cloaca of the chicken (fig. 66). This
apterium separates the caudal end of the right and left
halves of the abdominal tract and could be considered as an
extension of the median abdominal apterium.
Lateral apteria on the right and left surface planes of the
body, begin at the base of the head and extend to the thigh
On each side there are two subdivisions—the lateral cervical
apterium and the lateral body apterium. The length-towidth ratio of the lateral cervical apteria varies widely. In
most birds they are well developed, usually more so than
either the dorsal or ventral cervical apteria, but their cephalic
extension varies. In over half the birds whose pterylosis has
been described by Nitzsch (1867), the lateral cervical apteria
extend as far rostrally as the head, as exemplified by the owl
(fig. 51). In some aquatic birds and some galliforms, including

the chicken, these apteria begin at various distances away
from the head along the length of the neck, and thus the
dorsal cervical and ventral cervical tracts adjacent to the
head are fused. The White Pekin Duck and Common
Pigeon (figs. 89 and 96) lack lateral cervical apteria because
the dorsal and ventral tracts have fused throughout the
length of the neck. Continuous plumage of the neck is approached in the Great Bustard {Otis tarda), a flamingo
{Phoenicopterus ruber = P. ajitiquorum), and a gannet
{Moms bassanus = Dysporus bassaîius) (Nitzsch, 1867).
The opposite condition—where the four apteria of the
neck are broad and extend the full length of the neck—is
found in the Hammerhead {Scopus umbretta). The lateral
cervical apteria in the Great Horned Owl are even broader
than they appear to be in figure 51 because the dorsal cervical
tract is carried on a horizontal, loose fold of skin that in
part hangs down over the lateral apterium.
The lateral body apterium is limited to the prolatus; it
bears a few downs and the contours of the lateral body tract.
In the Great Horned Owl this is an extensive nonfeathered
area.
In our illustrations we used dashed lines to separate
apteria that are continuous from one body region to another
and to separate named tracts.
Caudal apteria that may be present on dorsal, ventral,
and lateral surfaces of the tail are the dorsal caudal apterium,
the ventral caudal apterium, and the lateral caudal apterium.
They represent the nonfeathered areas between the coverts
and the base of the tail or nonfeathered areas within the
dorsal and ventral caudal tracts. The dorsal caudal apteria
lie on the uropygial eminence and the adjacent area (fig.
50). A small ventral caudal apterium is present in the owl
but is not labeled, is distinct in the chicken, and has continuity with the lateral caudal apteria in the turkey. The
lateral caudal apterium is generally a large, bare area of
thin skin over the base of the last rectrix on the lateral
margin of the tail,
Apteria are more abundant on the under surface of the
wing than on the upper. Most of the apteria for both surfaces are found in the Great Horned Owl and the remainder
in domestic birds. Generally, apteria fall into two groups
—brachial apteria and alar apteria. Each group has subdivisions, however, these are distinct enough so that assigning names to them seems justified even where there may be
continuity between adjacent spaces.
The humeral apterium on the upper surface of the brachium lies distal to the humeral tract. The space may be
T-shaped, L-shaped, or irregular. It may be small as in the
turkey or large as in the Great Horned Owl (fig. 50.) In the
owl it is continuous mth the upper cubital apterium. This
space over the elbow is the only apterium on the dorsal
surface of the forearm. The upper hand apterium is an
elongated narrow space paralleling the trailing edge. A small
upper alular apterium may be present in some species and
is often continuous with the upper hand apterium.
The only under brachial apterium, the subhumeral, lies

APTERIA
in the space between the subhumeral tract and the posterior
margin of the upper arm. It is often continuous with the
under forearm apterium. There are five under alar apteria.
An under cubital apterium is frequently present in the elbow
region. It often has continuity with either the subhumeral
apterium or the under forearm apterium, or both. The
under forearm apterium exists only if an under forearm tract
is present; otherwise there is continuity with the under
prepatagial apterium. The latter space covers much of the
triangle between the upper arm and forearm and is bounded
by three tracts—under forearm, under marginal coverts of
prepatagium, and subhumeral tracts.
Two small apteria are present on the ventral surface of
the hand—(1) the under hand apterium, which extends
lengthwise between marginal and remigial coverts and (2)
the under alular apterium, which is the small space on the
ventral surface of the alula. The latter is featherless perhaps
because when the alula is adducted, this surface presses
against the forward edge of the metacarpus.
There are usually two apteria on the leg, four at the most.
One space is between the pelvic and the femoral tracts,
along the lateral margin of the pelvis. It has often been called
the femoral apterium, but we prefer to call it the pelvic
apterium. It has already been discussed under spinal apteria.
In many species there are no crural apteria because this area
is occupied by the crural flag, as it is in the Great Horned
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Owl (fig. 51). In this owl there is featherless space above
the patella, which we have named the ^^femoral apterium,^^
but we have not appUed this term to any of the domestic
birds studied. The femoral apterium of the Great Horned
Owl is not the same as the lateral pelvic apterium, which,
as mentioned previously, others had named the ^ ^femoral
apterium.'^
A crural apterium is found in the three galliforms studied
here. It is small in the pigeon, absent in the duck. When
present, it is usually continuous with the intracrural apterium
that lies on the caudal or medial surface of the crus. "Intracrural apterium" is a new term, introduced in these studies.
This featherless space generally has continuity with the
crural apterium and extends variable distances toward the
angle.
It would probably be logical to continue down the foot
and identify metatarsal and digital apteria, except for the
fact that featherless metatarsi and toes are characteristic for
most birds. However, where feathering occurs below the
ankle, we have named the featherless spaces. In the owi
(fig. 50) the metatarsal apterium (p. 85) is shown as an
elongated space on the posterior surface of the metatarsus.
In the pigeon the crural tract continues on to the upper
metatarsus except for some spaces that we have named the
"anterior metatarsal apteria'' and "posterior metatarsal
apteria'' (figs. 96 and 97).

CHAPTER 3

Pterylosis and Ptilosis of Domestic Birds
Pterylosis is the arrangement of feathers within tracts
over the body of the bird. Most descriptions of pterylosis
deal with the location of the feather follicles. Ptilosis is
the total plumage associated with these follicles. Generally,
there has not been much confusion in meaning associated
with terms used in pterylography. As pointed out in the
first chapter, names for feather groups used in describing
ptilosis have produced some confusion, in that authors often
apply the same name to plumage groups that they apply
to breast, abdomen, and other anatomical parts with little
effort to associate each name with the correct anatomical
counterpart. On the head, where feathers are short, agreement is often close between the boundaries of each capital
tract and the feathers that come from each tract; in other
cases the feathers may be long and give no indication of the
boundaries of the tract. An example is the auricular plumage
that extends far beyond the auricular tract, which is a narrow
circle of follicles around the external ear opening.
Frequently color or markings of feathers are used to determine what should be included in a particular ptilosis group,
for example, the superciliary feathers extend rostrally
and caudally beyond the eye. Other examples are groups of
feathers that are part of a pattern of coloration, such as
eyeline and whisker mark and stripes on the crown. For
these, no equivalent pterylosis terms are available. An appreciation of the innumerable variations that may occur in
head plumage and appendages is readily gained by a perusal
of such illustrated books as those by Gilliard (1958) and
Austin and Singer (1961). It is, therefore, impossible to build
a description of capital tracts upon the color of the plumage;
Hkewise, it is impossible to build the pterylosis of the head
strictly on the regions of the head.

Practically all other investigators who have described
pterylosis of the head have given the term ^'region" to the
various tracts, with the understanding that the region of the
head and of the tract on the head were synonymous. However, in our studies we have attempted to define and determine a plan for the regions of the head based on surface and
underlying anatomical structures. We have done the same
for the remainder of the body, and we early found that it
was impossible to correlate anatomical regions with distribution of feather tracts except in an occasional situation and
in broad general terms. Therefore, the terms that we have
selected to define and identify tracts may or may not be the
same as those applied to a region, and the use of a term may
or may not indicate an agreement in extent of boundaries.
Also, some names are given to regions not duplicated in the
subdivisions of pterylosis and the reverse is also true.
The key to the feather tracts (p. 74) lists 12 pterylae
under a general heading of capital tracts. One of these, the
ocular tract, is subdivided into upper and lower parts. The
capital tracts depicted by Compton (1938) for the Osprey
(Pandion haliaetus) are reproduced in figure 45. Each tract
is fully outlined because we feel that this is a helpful practice.
In many illustrations of pterylosis, other authors have extended lines to the center of an area that they felt unequivocally identified a particular tract without attempting to
draw boundar}^ lines between adjacent tracts. Without
boundary lines, however, it is difficult to interpret the extent
of a tract. Figures 53 and 54, respectively, show^ pterylosis
and ptilosis for the chicken, and it is apparent that the
boundary lines enclosing the areas where feathers are implanted are not in complete agreement with the boundaries
of plumage areas.

PTERYLOSIS OF THE HEAD
Capital Tracts and Apteria
Chicken
The capital tracts of the chicken are discussed in the same
order in which they are presented in the key to the feather
tracts.
Frontal tract.—The frontal tract lies in the general area of
the forehead, but the tract and forehead do not have identical
boundaries. The boundaries as shown in figures 53 and 54

apply to the Single Comb White Leghorn Chicken, but the
general location of the tract is applicable to all birds. In the
chicken, the feather coat of this tract is rather sparse, the
feathers are short and moderately erect. In the male, the
comb is well developed, and the tract is restricted to one or
two rows of feathers that project laterally and only slightly
posteriorly. In the female, the comb is smaller, and the
feathers are more numerous, and more of them point directly
caudally. If we had drawn the boundary between the frontal
97
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FIGURE

53.—Capital tracts and apteria of the male Single Comb White Leghorn Chicken. Each feather follicle is represented
by a black dot. Individual tracts are bounded by solid or dashed lines.

tract and coronal tract to agree with the regional boundary,
we would have cut across a group of feathers that are similar
in character, directed caudally, and flattened against each
other; all these feathers are considered here to belong to the
coronal tract. The frontal tract and coronal tract share a
common boundary with the superciliary tract.
Coronal tract.—Figure 53 shows the coronal tract lying on
each side of the base of the comb and extending posteriorly
to the caudal attachment of the comb to the head. The
feathers of the coronal tract form a rather narrow band in
the anterior part and broaden caudally. Figure 54 shows the
feathers spreading upward beyond the point of their origin
on the head and covering the basal portion of the comb.
The feathers in this area have the same sexual dimorphism
as do the hackle feathers of the dorsal neck. Extensive development of head plumage is found in all breeds that have
V-shaped combs. Within each sex, the hackles and crests
have the same feather type.
Occipital tract.—The occipital tract includes feathers implanted on the caudal part of the dorsal surface of the head.
The tract terminates at the junction with the neck. The
lateral boundary of the occipital tract is shown in figures
53 and 54. We regard it in the chicken as a continuation of
the dorsal margin of the superciliary tract, whereas Compton
(1938) brought the coronal tract of the Osprey backward
from the comer of the eye. To do this in the chicken would
be rather artificial as far as feather structure is concerned.

and we have attempted here to place the occipital tract so
that it encloses natural plumage groups. As seen in figure
53, follicles are not differentiated among the tracts of the
head. The feathers caudal to the comb are directed backward
but the shafts tend to curve toward the midline. There is no
natural differentiation between the feather coat of occipital
and dorsal cervical tracts. The row pattern of follicles shows
the same lack of a natural boundary between the two tracts.
Auricular tract.—In the deplumed bird, the auricular tract
is limited to the circlet of feathers that surrounds the external ear opening. The barbs of these feathers are farther
apart than they are in body contour feathers. (See page 308
for a description of their detailed structure.) The feathers
on the anteroventral third of the rim, called operculate
feathers, are longer than the others and are directed dorsoposteriorly, covering the external ear opening (fig. 55). The
remainder of the circlet is composed of short feathers that
project directly perpendicular to the surface, forming a cup
or auricle. The operculate feathers impinge against the tips
of these auricular feathers, thereby screening the opening
and minimizing the entrance of dust and insects. The
passage of sound would also be obstructed by this closure
were it not for the open structure, peculiar to the feathers
of this region.
In many birds, the feathers that cover the external opening of the ear are barely distinguishable from the adjacent
contour feathers of the head and face; but in some, the
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54.—Ptilosis of head of female Single Comb White Leghorn Chicken, showing feathers from 10 capital tracts bounded
by solid or dashed lines.

auricular plumage is prominently developed. The extent
of the operculate feathers is shown in figure 54 for the chicken
and in figure 56 (labeled auricular plumage) for the Ruffed
Grouse. The operculate feathers of the Ruffed Grouse extend
far caudal to their origin, thereby covering the postauricular
tract. In the Osprey, Compton (1938) has shown the auricular
tract as extending forward to the eye, with the external ear
opening at the caudal end of the auricular tract. This is the
situation in birds such as the Mockingbird (Mimus polyglottos), Catbird (Dumetella carolinensis), and Common

Pigeon. Note that the foUicles where the feathers are implanted are limited to several rows encircling the external
ear opening (fig. 53).
Postauricular tract.—The feathers behind the auricular
feathers and between the occipital tract and the malar
tract, from the facial region to the base of the head, represent
the postauricular tract (fig. 53). The feather coat of this area
merges with that of the upper neck as the feathers become
longer posteriorly. Many of the short feathers of the postauricular tract are covered by the extended operculate

Posterior ear
covert
(auricular feather)
Anterior ear covert(operculate feather
Edge of genal tract

External ear
opening

Ear lobe

FIGURE

55.—Pterylosis and ptilosis of the auricular tract of the left ear of Single Comb White Leghorn Chicken. (Modified
from a drawing by Casimir Jamroz.)
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Auricular plumage

56.—Head of Ruffed Grouse (Bonasa umbelltis),
showing opercular feathers of the auricular tract. These
feathers extend beyond the base of the head. Feathers of
the frontal and coronal tracts form a small crest.

FIGURE

feathers. Above and slightly caudal to the external ear opening is the postauricular apterium. The skin of the apterium
is smooth, extremely thin, and devoid of down as well as
contour feathers.
Temporal tract.—Although we have not designated a
temporal region of the head, we have applied the name
"temporal tract" to those feathers located between the eye
and ear and between the occipital and genal tracts. These
feathers are located in the upper part of the postorbital
region (compare figs. 3 and 4 for regions with figs. 53 and 54
for tracts). The feathers of the temporal tract are short and
are similar to those of the loral tract and to part of the
superciliary tract.
Loral tract.—The loral tract is usually considered to be a
band of feathers extending from the region of the nose to
the anterior comer of the eye. In a white chicken there is no
particular coloration or structural character of these feathers
to distinguish them from adjacent feathers. The same is
true in the Ruffed Grouse {Bonasa urnbellus) (fig. 56); however, there is distinct coloration of this group of feathers in
such birds as the Blue Jay {Cyanocitta cristata), Cardinal
{Cardinalis cardinalis), House Sparrow (Passer domesticus),
and Common Cotumix, which, of course, makes the tract
easy to identify. In the chicken this tract is bounded by
frontal, superciliary, and genal tracts above and caudally
(figs. 53 and 54). Below it is bounded by the rictal apterium
or the malar tract. Feathers on the upper margin of the loral
tract parallel the direction of those in the frontal tract, and
the remainder of the loral feathers spread out like a fan;
those dorsally point above the eye; those in the midloral
region point backward toward the corner of the eye; and
those ventrally point along the margin of the malar tract.
Superciliary tract.—The superciliary tract occupies the

region of the upper stationary lid and overlies the edge of
the frontal bone in the chicken, turkey, and other galliforms.
It lies partly on the crown and partly in the upper orbital
region. The tract extends from the anterior end to the caudal
end of the eye and is a narrow band concentric with the line
where the mobile part of the lid folds under the overlying
margin of the stationary lid. The feathers in this tract are
directed caudally. In many birds the plumage from this
tract is distinguished by its color and may include an area
of uniform color in the loral plumage. If such colored plumage
extends caudally to the base of the head, as in certain wrens,
warblers, vireos, and in the House Sparrow (Passer domesticus), it may be named "superciliary line" or "eyebrow."
Ocular tracts.—The ocular tracts do not cover the total
orbital region. They are equivalent to the upper and lower
mobile lids only. The tracts are divisible into upper and
lower portions. The upper ocular tract is shown in figure 57.
The upper lid must be closed in order to expose the several
rows of feathers paralleling the edge of the lid. Dorsal to
this is a space devoid of feathers, the upper ocular apterium.
The lower lid is well exposed when it is closed. Several rows
of feathers form the lower ocular tract (figs. 53 and 57).
Ventral to the tract is a large lower ocular apterium. The
feathers of the ocular tracts are short, so that the feather
coat (ptilosis) agrees with the pterylosis in the location of
boundaries.
Genal tract.—The genal tract is largely equivalent to the
suborbital region and probably represents as much of
"cheek feathers" as birds possess. The tract extends from
the loral to the temporal tracts, from the lower ocular tract
to the malar and auricular tracts. It includes the lower stationary lid as well as the suborbital region (figs. 53 and 54).
In this tract the feathers in the chicken are fairly uniform
and rather sparsely distributed so that the characteristic
red color of the underlying skin shows through among them.
Rictal tract.—The rictal tract is relatively small. The rictal

Upper ocular apterium
upper eyelid
(mobile part
Anterior
commissure
of lids

Lower eye lid
(mobile part)

Upper ocular tract
Eyelash
Lid slit
Posterior
commissure
of lids
Lower ocular tract

— Lower ocular apterium

57.—Tracts and apteria of the upper and lower eye
lids—left eye of the Single Comb White Leghorn Chicken.
The feathers of the ocular tracts are represented as narrow
cones, but under magnification each has, in simple form,
the basic structure of a contour feather. The attached
boundaries of the mobile lids merge into the skin of the
stationary lids. (Modified from a drawing by Casimir
Jamroz.)
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PTERYLOSIS OF THE HEAD
apterium is larger than the tract. Together, they occupy the
region designated as the rictus. The rictal tract is that portion of the rictus caudal to the bare area of the gape. The
caudal extent of the rictus is discussed in chapter 1 and
depends on the spread of the gape. The feathers included in
the rictal tract are identical with those that cross the malar
tract and, in the chicken, are similar to those in the genal
tract and are sparsely distributed (fig. 54).
Malar tract.—The malar tract has the same boundaries
as the malar region. Its sparsely distributed feathers continue
down to the interramal region on the outer surface of the
wattle. Caudally the feathers of the malar tract become
small and widely separated and disappear altogether at the
level of the earlobe. Therefore, the earlobe in the chicken
occupies part of the malar tract. This area could justifiably
be called an apterium, but it seems better to identify it
merely as an earlobe since it is a specialized structure. The
boundaries of the malar tract of the chicken, as shown in
figures 53 and 54, agree closely with those outlined by Compton (1938) for the Osprey (fig. 45).
The earlobe is an ovate or disk-shaped area of modified
skin containing only a few feather folHcles around the perimeter. In young birds it is a flat disk over the posterior end of
the jaws, but in older chickens, especially males, it becomes
pendulous and forms a double-layered flap of skin. The lobe
can attain the form of a flattened plate suspended from a
short stalk having nearly the same diameter as the plate.
The earlobe is continuous with the lateral submalar skin
and ventrally with the base of the wattle. The pale iridescent
blue found in small earlobes in the Single Comb White
Leghorn Chicken changes to a chalky white in large lobes.
The carunculate texture is formed by sulci and rugae which
in general extend from the posterodorsal boundary of the
earlobe diagonally forward to its antero vent ral margin. The
larger rugae are interrupted by numerous shallow transverse sulci. In old males with large lobes, the texture and
color of the lobe extend to the adjacent skin of the face and
neck.
Turkey
The turkey head when viewed superficially is often considered to be devoid of feathers because of the conspicuous
carunculate character of the skin of the head, face, jaws,
dewlap, and upper neck. However, even a reasonably close
examination will show that small bristle feathers (figs. 5, p.
10, and 217, p. 324) project outward from folhcles implanted
either in the crevices between the carunculate rugosities or on
the crests of the folds. This is particularly well shown in
dark-colored varieties of the Bronze Turkey. The pattern of
these feathers agrees with that found in the young poult.
It is possible that bristle feathers of the adult agree in
number with those of the poult, but that growth of the
head has moved the feathers apart.
The head of the turkey lacks apteria, which seems rather
strange in view of the extensive reduction that has occurred
in the size and structure of the feathers. Perhaps this gives
us a clue to one of the principles involved in pterylosis,
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namely that the feather covering is complete where the overlapping of feathers is minimal. Where feathers extend well
beyond their area of implantation, apteria arise, thereby
relieving the overcrowded condition.
In the young poult the ptilosis is complete; no bare skin
is visible. In a poult of intermediate age (74 days) some natal
feathers remain on the head, but as the next generation of
feathers comes in, carunculate skin appears on the top of
the head. The new feathers of the genal and malar regions
are short, intermediate to the ultimate bristle type. The
head feathers of the third and subsequent generations are
definitely bristles, having a shaft that is devoid of barbs
except at the base. Transitions from a contour to a bristle
feather are described in chapter 6. Figure 5 of the head of a
turkey shows the distribution of bristle feathers, but in this
illustration the lines are boundaries for regions rather than
for tracts.
Frontal tract.—All the ptilosis of the frontal process (snood)
is included mthin the frontal tract, although part of the
frontal process lies on the nasal arch. The frontal process
contains bristle feathers distributed most densely at the base
and tip. Those at about the midlength of the frontal process
are farthest apart, but obviously this varies mth the degree
of extension of the frontal process (fig. 5). In an old torn,
carunculate skin on top of the head is extensive, and the
coloration characteristic of this carunculate skin is found
over the entire head. The bristle feathers on the frontal tract
are far apart. Laterally, the density of the implantation of
follicles becomes somewhat greater. The midline may show
either a dense concentration of bristles separating the
carunculate mass into right and left halves, or there may be
so few bristles that the entire crow^n appears to be a continuous layer of carunculate skin. Such variables are probably
related to age and to differences between individuals.
Coronal tract.—The coronal tract is a continuation of the
frontal tract, and the character, density, and distribution of
the bristle feathers are the same. As in the frontal tract, a
median concentration of bristle feathers may be present or
absent.
Occipital tract.—In the occipital tract, particularly at or
near the midline, there is a transition in character from bristle
feathers to the typical contour type. The barbs of the feathers
are lost near the tips, exposing a bare rachis both on the primary shaft and the afterfeather. On some specimens the
transition takes place nearly at the caudal end of the carunculate skin.
Auricular tract.—The auricular tract is the area immediately encircling the external ear opening that contains several
rows of follicles. The general arrangement of the feathers of
the auricular tract is similar to that in the chicken except that
the opercular feathers are not nearly as long, but they retain
the same wide spacing of barbs found in the chicken. The
anterior feathers point dorsocaudally. Those at the opposite
margin of the ear opening are erect but actually do not contribute much to the support of the distal ends of the opercular
feathers; in some cases the opercular feathers are not long
enough to touch them.
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Postauricular tract—The bristles in the postauricular area
are rather widely distributed and apteria are absent. Many
bristles come from the surface of the carunculate folds and
others come from the depressions between them.
Temporal tract.—The feathers of the temporal tract are
similar to those of the areas immediately above and below
this tract. At the upper part of the temporal tract the feathers
are somewhat widely dispersed, whereas in the lower part of
the temporal tract they are implanted somewhat more
closely.
Loral tract.—The bristle feathers are closely placed in the
upper half of the loral tract. This is similar to the nearby base
of the frontal process and to the adjacent superciliary tract.
In the lower part of the loral tract the bristles are sparse.
Superciliary tract—The superciliary tract, along with the
tracts on the eyelids, has the greatest density of bristle
feathers of any tract area on the head. The structure of the
bristle feathers is typical; some are long and some are short.
The area where the bristle feathers are close together extends from the loral tract well back onto the edge of the
temporal tract. Those immediately adjacent to the upper
eyelid are worn to the extent that they are very short and
would be difficult to distinguish without their black color.
Ocular tracts.—The upper and lower eyelids are entirely
covered with rows of bristle feathers. Those on the upper lid
are more closely placed than are those on the lower lid;
neither lid has an apterium. On both lids the row adjacent
to the slit is prominent. Under a hand lens of moderate
magnification, it can be observed that black eyelashes parallel this last row and arise from the fleshy edge of the lid,
close to the last row of the tract.
On the lower lid some of the feathers of the tract are not
typical bristle feathers but retain some of the main features
of the small contour feather. This is a transitional area in
which feather structure varies from contour type to bristle.
Genal tract—The genal tract has no distinctive features.
At the anterior end, the tract is continuous with and similar
to the lower half of the loral tract. Adajcent to the eye it is
like the lower ocular tract. At the caudal end it is somewhat
like the superciHary tract. Immediately in front of the auricular tract the bristle feathers are moderately dispersed. Adjacent to the malar tract, their distribution is somewhat
denser.
^ Rictal tract.—The pattern for the rictus in the turkey is
similar to that of the chicken, namely, there is a rictal apterium that is more extensive adjacent to the lower jaw than
it is toward the upper jaw. In the part covering the upper
jaw a few bristle feathers constitute a small, weak rictal
tract.
Malar tract,—The malar tract has a moderately dense
distribution of typical bristle feathers in the anterior part.
Caudally, beneath the ear there is development of carunculate
skin with a more sparse distribution of the bristle feathers.
Bristle feathers extend into the interramal and submalar
regions and are also present on the dewlap.
Poult ptilosis.—The head of the 2-week-old poult of the
Bronze Turkey is fully feathered; no evidence of carunculate

skin is apparent. Most of the feathers, whether considerably
long as on the frontal, coronal, and occipital tracts, or short
as on the upper and lower ocular tracts, the loral region, and
the genal region, are more of a contour than a bristle type.
Except for the rictal apterium near the edge of the gape, apteria are absent from the head.
Common Coturnix
All the feathers of the head of the Common Coturnix are
contours ranging in size from small to medium large. However, the barbs of these feathers are widely spaced, like teeth
on a comb. This is true of many of the feathers over the body
of coturnix.
The feathers of the frontal tract extend caudally. The
lateral margins of the tract are overlapped by feathers of
somewhat greater length sweeping up from the edge of the
loral tract. The coronal and occipital tracts cover the remainder of the head with no particular significant features.
No apteria are on the dorsal tracts of the head.
^ The auricular tract is similar to that in birds described previously. The follicles are arranged in several concentric rows
surrounding the external ear opening. The feathers arising
from the anterior margin of the tract extend backward over
the opening. These opercular feathers have the widely spaced
barbs observed in the chicken. The auricular group, constituting the remainder of the tract, is composed of feathers
considerably shorter than those of the opercular group, but
both are similar in structure. The auricular feathers, instead
of extending directly outward from the surface of the head as
m the chicken, point caudally; therefore, they do not provide
a significant support for the ends of the opercular feathers.
The feather coat of the postauricular tract is similar to that
of the dorsal region of the head and adjacent neck regions
except that the feathers are somewhat shorter. Among the
feathers in the upper part of the tract, there is no space of
sufficient magnitude to be considered as an apterium.
The feathers of the temporal tract are shorter than those
of the postauricular. This tract is relatively small because of
the close proximity between the ear opening and the caudal
margin of the eye.
The dorsal half of the loral tract bears feathers that sweep
upward and merge with those of the superciliary tract and
overiie the marginal feathers of the frontal tract. The ventral
half of this tract contains short contour feathers that in
general turn downward and backward to follow the direction
of the rictal apterium.
The genal tract supports feathers that are uniformly distributed, directed caudally, and that increase in length from
the forward to the caudal end of the tract. They merge with
those of the malar tract and take on the character of the
feathers in the malar tract.
The rictal margin is darkly pigmented and well defined.
The feathers of this tract overiie the bare edge of the rictus.
The apterium, which lies behind the margin, is not visible
unless the mouth is opened and the feathers in that area are
pushed backward (fig. 12, p. 20).
The plumage of the malar tract shows no features of par-
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ticular significance. The feathers are directed caudally toward
the interramal and submalar tracts; in these two tracts of
the neck the feathers are directed downward.
The feathers of the superciKary tract are directed upward
and caudally. The coloration of feathers in coturnix makes
the superciliary tract conspicuous because they are tan in
contrast to the dark brown of the frontal tract. The feathers
are longer than those on the upper and lower eyelids.
The upper ocular tract contains many rows of small feathers. The row adjacent to the free margin of the upper lid has
the most conspicuous feathers; in the rows above this the
feathers decrease in length. As far as we can determine, there
is no apterium on the upper lid. The pattern of the lower
ocular tract is similar to that of the upper. However, toward
the lower part of the lid the feathers are farther apart, and
at the point where the mobile Ud folds behind the stationary
lid there is a band where feathers are absent. This band could
be designated the lower ocular apterium, but it is so narrow
that it seems hardly appropriate to assign a name to it. On
both upper and lower lids along the free margin are black
eyelashes, which are exceedingly small and barely visible
when examined under low magnification.
White Pekin Duck
The pterylosis of the head of the White Pekin Duck is
shown in figure 58. As may be noted, the follicles are uniformly distributed and closely placed. They form a pattern
of rows oriented in various directions. There is no evidence of
apteria in any of the capital tracts except along the margin of
the rictus. The uniform white plumage of this variety of
White Pekin Duck makes it almost illogical to attempt to
subdivide the tracts of head into various named subdivisions.
The label lines in figure 58 merely indicate the general area
of each tract.
Only about two regions have any distinctive characteristics,
namely, the upper and lower ocular tracts and the auricular

Superciliary tract
Occipital tract
Temporal tract

,

tract. The upper and lower lids of the eye are uniformly
covered with small contour feathers. The narrow upper mobile
lid and the larger lower lid are entirely covered with feathers.
Toward the basal edge of the lid, an apterium is absent.
We have not found eyelashes along the slit margin on either
lid.
Externally there is no evidence of operculate feathers because the feather coat from the malar and genal tracts extends
backward and completely obscures the operculate and other
feathers of the auricular tract. However, if the feathers of
adjacent tracts are pushed forward to expose the ear opening, the feathers around the external ear opening of the duck
have the same characteristics as those found in the other
species described, namely, a distinct rachis with barbs widely
spaced. The operculate feathers are indefinite; the coverts on
the caudal side of the auricular tract point caudally so that
they merge with the adjacent contour feathers of the other
tract areas, and therefore do not furnish a support that would
elevate the tips of the operculate feathers.
Our studies on this variety of Pekin Duck revealed that
although the feathers were small, their structure was of the
contour type. Occasionally a down feather might be found,
but the head lacked the extensive down plumage characteristic of the lower neck and trunk. The situation is different in
the Mallard where Humphrey and Clark (1961: 382) noted:
"Body downs are present over the entire head although their
presence may be far from obvious to the unaided eye in examination of a pickled specimen."
Common Pigeon
It would appear from a comparison of figures 58 and 59
that the feathers are much more closely placed on the head
of the duck than on the pigeon. Actually, the duck has a
larger head ; the drawing of it was reduced more in reproduction and therefore the feathers seem closer together.
The feathers of the frontal tract of the pigeon begin im-
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58.—Ptervlosis of the head of the White Pekin Duck.
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59.—Pterylosis of the head of the Common Pigeon.

mediately caudal to the cere. The feather rachises project
directly outward, perpendicular to the skin, and their tips
curve caudally. The same is true for the feathers implanted
on coronal and occipital tracts. The curvature of the rachis
applies also to most of the feathers oh the dorsal neck.
The feathers of the auricular tract are distinguished by the
fact that their barbs are more widely spaced than those of
surrounding feathers. The area covered by feathers of the
auricular tract is similar to that shown for the Osprey (fig.
45) and differs from that of the chicken in that the tract
originates under the eye.
The postauricular tract has no distinctive features and

the feathers merge into those of the upper neck. The feathers
of the loral and maxillary malar tracts are directed across the
rictus, obscuring it from view when the mouth is closed. The
rictal tract is represented by only a few short feathers behind
the rictal apterium.
The upper stationary lid is bare. The lid covers the edge
of the frontal bone, which is the area usually occupied by the
superciliary tract ; in this case the area is designated the superciliary apterium (fig. 59).
The feathers of the genal and malar tracts, as well as the
interramal and submalar tracts, although short, are fluffed
outward like those of the neck and breast, giving the effect of
a ruff.

PTERYLOSIS EXCLUDING THE HEAD
Introduction
In describing the feather coat of the head we have tried to
distinguish between pterylosis and ptilosis. Because the
feathers of the head are often short and because the outlines
of tracts and feather groups usually coincide, this distinction
has not been made in all cases. On the remainder of the
body, however, the feathers usually extend far beyond the
follicles from which they arise. Therefore, wherever possible,
we will first describe the pterylosis and then the ptilosis of
the domestic birds. Sometimes, however, because the identifi-

cation of a tract depends on the character of the feathers
it may contain, we have had to describe feathers together
with their tracts. A section of this chapter will follow devoted to ptilosis alone.
Three views of each of the five kinds of birds under study
are presented here. The follicles are indicated by black dots
(figs. 60-62, 73-75, 80-82, 88-90, and 95-97). This has been
done as accurately and carefully as possible, and we have
taken into account the influence of perspective as the rows
follow the curvatures of surfaces. Dots have been used to
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60.—Pterylosis of a male Single Comb White Leghorn Chicken—dorsal view.
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represent all follicles^ whether these contained large contour
feathers or tiny downs. This applies particularly to the
chicken^ turkey, coturnix, and pigeon. In the duck the down
feathers are so numerous that they have been represented by
red rather than black dots. All the downs on the duck have
not been shown, only those in representative areas. We found
it impractical to vary the size of the dot according to the size
of the follicle; therefore, in the finished illustration the entire
body appears to be covered with contour feathers. After the
drawings were finished, feathered specimens were examined
and, on overlays, feather tracts were separated from feather
spaces by boundary lines. We adhered to the rule that semiplumes be included within the boundaries of a tract along with
the contour feathers and that down feathers be excluded from
a tract and included in an apterium. The rule worked well
for the chicken; but in the turkey some feathers located
within obvious apteria were more like semiplumes than like
down feathers, and in the Common Coturnix some feathers
included within tracts w^ere almost like typical down feathers.
Our observations confirm those of Heimerdinger (1964: 17)
who stated in her definition that ^^Apteria generally are bare
but they may contain plumulaceous or downy feathers.'^
There was not enough room on the drawings of the whole
birds for us to adequately show and label all the feathers of
the upper and lower surfaces of the wing. Therefore, four
drawings were prepared of the wing of each species. The procedures for preparing these are given in detail in chapter 10.

Chicken
Spinal tracts and apteria
The middorsal feather tract is continuous from the base of
the comb to the oil duct (fig. 60), but throughout this length,
the width of the tract, the curvature of the rows, and the
morphology of the feathers change. In figure 60 a transverse
dashed line drawn at the boundary of head and neck establishes a boundary between capital tracts and cervical tracts.
Likewise, a dashed line drawn in the form of a chevron
separates the cervical and the interscapular tracts. A transverse dashed line separates the interscapular from the combined dorsal and pelvic tracts, and a dashed line separates
the pelvic tract from the upper caudal tract. In a sense these
are arbitrary boundaries; nevertheless, they are precisely
placed.
Dorsal cervical tract—The dorsal cervical tract begins as a
continuation of the capital tracts and covers the lateral as
well as the dorsal surfaces of the neck in the anterior region
as shown in figures 60 and 61. In this area, immediately behind the earlobe and at the anterior end of the tract, the
dorsal and ventral cervical tracts merge. The lateral cervical
apterium, characteristic of the side of the neck, does not extend as far forward as the head. In the caudal half or two-

FIGURE

thirds of the dorsal cervical tract, where the apterium lies
adjacent to it, the boundary between the tract and the apterium is abrupt. The tract narrows caudally in the region
that marks the junction between the cervical and interscapular tracts.
As we discuss the various tracts in the chicken, we will
have occasion to refer frequently to figures 63 and 64. In this
series of diagrams we attempted to represent the arrangement of rows in the tracts by lines. Much of this pattern
may be illusionary ; nevertheless, examination of the arrangement of feather muscles on the inner surface of the skin (ch.
8) confirms in most cases the pattern of follicle rows approximately as we have shown it.
As observed in the adult bird the rows fail to provide information about the sequence of steps taken in the embryological development of these tracts; yet it is the succession of
changes during development that utlimately produces the
adult pattern, especially the adult rows. In the embryo,
feather ridges arise lengthwise on the neck and over most of
the body (Holmes, 1935). Each ridge as it develops is broken
up into separate focal points, the primordia of the feather
papillae. The intervening ridge tissue migrates laterally and
forms new longitudinal ridges on each side of the first-formed
ridges. This next generation of ridges, like the first, breaks up
into rows of feather germs, and the mesenchymal condensations lie opposite the spaces between the papillae of the
original row. This alternate placement of feather primorida
in adjacent rows produces the illusion that the feather follicles
of an area are arranged predominantly in diagonal rows,
and the primary arrangement in longitudinal rows is often
rather inconspicuous. The reader is referred to chapter 7 for
further details on the succession of morphological changes
during development. Thus, the dorsal cervical tract when
viewed from above appears to be made up of two sets of
diagonal rows arranged like chevrons with their apices
pointed posteriorly (fig. 63, A). The intersecting longitudinal
and transverse rows are far apart at the base of the neck
and close together toward the head. This is also show^n by the
actual specimen (fig. 60). The side view of the dorsal cervical
tract is diagramed in figure 63, B. The arms of the chevrons
shown in figure 63, A, extend laterally across the side of the
neck and forward to produce the pattern shown in figure 63, B.
The longitudinal lines are still present, diverging toward the
base of the neck and converging toward the earlobe.
Interscapular tract—In many birds the interscapular tract
is distinguished more or less arbitrarily from the cervical and
dorsal tracts. In the chicken, however, the interscapular tract
differs enough morphologically from the tracts anterior and
posterior to it so that the separation is natural rather than
artificial. In figure 60, at the level where the dashed lines
separate the interscapular and cervical tracts, feather follicles
are disorganized: caudally, they become reoriented and organized so that the apices of the chevrons project forward

61.—Pterylosis of a male Single Comb White Leghorn Chicken—left lateral view.
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62.—Pterylosis of a male Single Gomb White Leghorn Chicken—ventral view.
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instead of caudally. This transition is shown schematically
in figure 63, C. At the caudal end of the tract the radius of
the arc formed by each lateral row is relatively short, whereas
at the anterior end of the tract the radii that form the rows
are relatively long. At the point of transition between dorsal
cervical and interscapular tracts, the arcs are carried forward
and cross those from the opposite side. This disturbs the row
pattern and seems to be the only way by which the direction
of rows can be changed during development. Also, at the
level of the interscapular tract, the longitudinal rows are
approximately parallel, whereas in the dorsal cervical tract
the longitudinal rows represented in figure 63, A and B, converge toward the head. Behind the interscapular tract, the
longitudinal rows converge toward the tail (fig. 63, D). The
longitudinal rows between head and tail are spindle-shaped.
Therefore, it would be expected that somewhere along the
length of the spindle, the rows would be nearly parallel to
one another. This occurs at the level of the interscapular
tract (fig. 63, C).
Dorsopelvic tract.—Behind the interscapular tract is a constriction in the boundary of the tract, and following this the
tract broadens considerably within a short distance to form
the dorsal tract. There is no natural interruption between the
dorsal and pelvic tracts so we have grouped these two together under a combined name, the dorsopelvic tract (fig.
60). This compound term is useful sometimes when referring
to the feathered area covering the dorsal surface of the body,
but when one designates the dorsal and pelvic tracts individually, it is useful to have a specific name for each tract.
The transverse boundary between the two tracts is the same
as that used to separate the dorsal and pelvic regions, namely,
at the anterior margins of the iKa.
At the anterolateral corner of the dorsal tract the follicles
continue forward toward the scapular apterium. Usually these
rows of contour feathers are continuous with the row of down
feathers, which are located in the scapular apterium and extend into the lateral cervical apterium.
The feathers in the anterior end of the dorsal tract are
widely separated. At first glance they may not seem to be
organized in rows, but close observation of several specimens
indicates that there is a pattern for this tract, as shown
schematically in figure 63, D. Like the pattern in figure 63, C,
there is in the dorsopelvic tract a changing length of radius
and the position of the center for scribing the successive rows.
Thus, at the anterior end, the junction of the rows in the
midhne forms a small angle, whereas this angle increases
progressively down the pelvic tract until, at the caudal end,
the rows diverge from the center at a wide angle.
The lateral boundary of the dorsal tract is established by
the lateral body apterium. The lateral boundary of the pelvic
tract is established by the lateral pelvic apterium (figs. 60
and 61). The pattern of rows, characteristic of the feathers of
the pelvic tract, continues on to the uropygial eminence.
These rows end at the base of the oil gland papilla (figs. 65,
388, p. 614). On the tail they constitute the dorsal caudal
tract.
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Ventral tracts and apteria
The ventral tracts of the body extend from the symphysis
of the lower jaw to the base of the tail. Some subdivisions of
these tracts can be seen in the lateral view (fig. 61); all are
visible in the ventral view (fig. 62). The subdivisions of the
ventral tract are described in the order given in the key to
the feather tracts (p. 74), except for those not present in
domestic birds.
Ventral cervical tract.—The ventral cervical tract is composed of three tracts—the interramal, submalar, and ventral
cervical proper. The follicles of the interramal tract are small
and closely placed. This pattern merges gradually into that
of the submalar tract. In the latter, the feathers are longer
and more widely spaced than in the interramal tract (fig. 62).
In older birds with large wattles, the skin at the upper end of
the wattle on the medial surface bears feathers. These feathers
belong also to the submalar tract. At the caudal end of the
wattles, there is a moderately abrupt transition to the closely
placed follicles on the ventral surface of the neck. These follicles are arranged in chevron-shaped rows with the apices
directed forward. The lateral ends of the rows curve upward
and merge with the rows from the dorsal cervical tract that
descend toward them across the side of the neck (fig. 61). Continuity of rows in the anterior part of the neck is sufficiently
precise so that there is no natural boundary between the
dorsal and ventral cervical tracts. Thus, in figure 61, an arbitrary dashed line was drawn from the earlobe to the anterior
end of the lateral cervical apterium.
At about the midlength of the ventral cervical tract, the
ventral cervical apterium begins, producing a bifurcation of
the ventral cervical tract. At this point there appears to be
a change in direction of the rows as shown in figure 62, but
examination of several specimens indicates a pattern of rows
as diagramed in figure 64, A. These two examples seem to be
contrary to each other, but actually both are correct. The
reason for the seeming difference is that when the dots lie
close together, they give the visual effect of a row running in a
certain direction. In the diagram, therefore, at the anterior
end of the ventral cervical tract, the dots were so placed that
the rows seem to extend forward toward the midline, but in
the caudal part of the ventral cervical tract they seem to run
in the opposite direction. Actually, there are two sets of
rows that cross each other as shown in figure 64, A, and the
symmetry of the arrangement at the anterior end of the tract
indicates a third row shown as transverse rows by dotted
lines in figure 64, A.
As the rows on the ventral cervical tract approach the
region of the shoulder, they are farther apart, although the
folUcles within each row remain close together. When the
crop is filled, the overlying skin of this area distends and
pushes the rows as well as the folHcles within the rows far
apart. The ventral cervical tract covers the ventral surface
of the cervical patagium and extends a short distance onto
the dorsal surface (fig. 60). It is by this narrow band of follicles that continuity between the ventral cervical tract and
the anterior end of the humeral tract is established.
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Pectoral tract—The pectoral tract is broadly continuous
with the ventral cervical tract, and the pattern of rows
remains unchanged from one tract to the other (fig. 64, A),
Therefore, an arbitrary line was drawn at the anterior
shoulder boundary to separate these two tracts (fig. 61). The
dashed lines of the shoulder are continued down along the
margin of the thoracic inlet to separate the ventral cervical
apterium from the pectoral apterium (fig. 62),
The pectoral tract is strong and the skin is elevated by
subcutaneous adipose tissue. The m.argins of the tract are
well defined. The rows and the follicles in the rows are more
closely placed at the caudal end of the tract than at the anterior end. The caudal tip lies approximately opposite the
middle of the keel.
The ventral cervical apterium, pointed at its anterior end,
extends caudally. In the region of the keel, it passes along
each side of the sternal tract, between this and the pectoral
tract. Downy feathers are present in the apterium and, although widely scattered, follow the rows established by the
contour feathers of the adjacent tracts on each side. One
cannot help asking the question : Do the downy feathers of
the apterium have the potential of developing into larger
feathers, semiplumes, and contours, thus forming a tract, if
the adjacent strong tracts are absent? It might be possible
to answer this question experimentally if one repeatedly
plucked the feathers of the tracts on each side of the apterium
and observed if this led to the development of larger feathers
in the apterium. The results of such an experiment might
help answer the question discussed on page 93: ''Why
do apteria exist?"
Sternal and abdominal tracts.—The sternal and abdominal
tracts are strong tracts. The sternal tract is divided by a
medial apterium that lies on the ventral edge of the keel. The
folHcles at the anterior end of the sternal tract are rather
widely spaced in the rows and the rows are far apart (fig.
62). Toward the caudal end, follicles and rows are gradually
crowded together. At about the level where the two arms of
the sternal tract unite, the medial abdominal tract begins.
We arbitrarily placed the transverse boundary between the
sternal tract and the abdominal tract at the junction between
breast and abdomen at the posterior end of the sternum.
Close examination of the sternal and abdominal tracts reveals a complex pattern of rows (fig. 64, B). Diagonal rows
crisscross as seen in figures 62 and 64. Crisscrossing is also
seen in figure 259 (p. 428) by the arrangement of feather
muscles joining follicles. In addition, the follicles are arranged
so that they can be connected by longitudinal lines. The
sohd lines in figure 64, B, indicate the existence of feather
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muscles, and the dotted lines give the illusion of continuity
in rows without definite connecting muscles.
At the anterior end of the sternal tract, the widely spaced
rows swing across the apterium and are alined with the rows
of the pectoral tract. The folhcles of these rows that cross
the apterium contain down feathers, but at the caudal end
of the same apterium, lateral to the medial abdominal tract,
the feathers on these rows are semiplumes. The important
point is the definite continuity by rows between the scattered
apterial feathers and feathers of the adjacent tract. This
continuity makes it difficult to decide what is tract and what
is apterium where the decision is based exclusively on the
study of empty follicles. Much of the difficulty is removed
when the feather and apterial muscles are studied, a subject
given attention in chapter 8. We decided to designate the
space between the sternal and pectoral tracts as the pectoral
apterium, but the continuity of this space lateral to the abdominal tract and the caudal part of the sternal tract as the
lateral abdominal tract. The abdominal tract region, together
with the feathers of the medial abdominal tract, constitutes
the fluff of the abdomen of the chicken, especially of the laying hen. The feathers that form the fluff are similar on both
the strong medial abdominal tract and the weak lateral abdominal tract. The similarity in feather type is a strong argument for designating both as tracts.
It has been a question whether the abdominal tract should
be terminated in front of the cloacal orifice, or should include
the feathers of the cloacal circlet, namely the feathers bordering the two lips of the cloaca. In figure 66, we have shown
the cloacal circlet as part of the medial abdominal tract. The
few feathers shown on the dorsal lip on each side of the
cloacal apterium have been named the cloacal tract. This
tract also is a subdivision of the medial abdominal tract.
Cloacal aVcZeí.—Immediately adjacent to the fleshy margin
of the hps is a row of small feathers that constitute the cloacal
circlet (fig. 66). On the dorsal lip, the cloacal circlet consists
of a single row^, whereas on the ventral hp approximately two
rows are present but they are irregularly arranged.
Caudal tracts and apteria
The pterylosis of the tail is divided into three groups of
feathers as follows: the continuation of the pelvic tract on the
dorsal side and of the abdominal tract on the ventral side,
the rectrices that lie on the caudal margins of the tail, and
the tail coverts both on the dorsal and ventral surfaces. Several apteria separate some of these feather groups.
Dorsal caudal tract,—The dorsal caudal tract is a continuation of the pelvic tract. An arbitrary line drawn at the level

63.—Arrangement of feather follicles in rows.
D, dorsal pelvic and caudal tracts. Like C, each transverse row has
A, dorsal cervical tract—dorsal view.
a different radius. The longitudinal alinement diverges in the cephalic
B, dorsal cervical tract—right lateral view.
direction.
C, interscapular tract and transition to dorsal cervical tract. Each
E,
lateral body tract—^left side.
transverse row of the interscapular tract has a radius of different
F, humeral tract—right wing.
length. The longitudinal aUnement is parallel.
FIGURE
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64.—Arrangement of feather follicles in rows.

A, ventral cervical and pectoral tracts.
B, sternal, abdominal, and under caudal tracts. The sternal and
medial abdominal are strong tracts, the lateral abdominal is a weak

tract in the chicken and is a lateral abdominal apterium in most
species,
C, femoral tract—right side
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of the caudal indentation separates these two tracts (figs.
60 and 61). As shown in figures 65 and 388 (p. 614), the terminal end of the dorsal caudal tract lies on the uropygial eminence. A pair of small, isolated feathers within the dorsal
caudal apterium and lateral to the uropygial papilla (fig. 65
near the end of the bracket) seems to occur frequently in the
Single Comb White Leghorn Chicken.
Oil gland circlet.—Protruding from the caudal end of the
oil gland is the uropygial papilla at the tip of which are the
openings through which drain the secretions produced by the
gland. Around each opening is a circlet of three or four small
feathers. Their arrangement is shown in figure 65 and the
character of the plumage, in figure 388. The detailed description of these feathers is given in chapter 6.
Ventral caudal tract.—The ventral caudal tract in the
chicken is limited to a few rows of small, irregularly scattered
feathers adjacent to the under tail coverts (fig. 62). A ventral
caudal apterium separates right and left halves of the ventral
caudal tract. The continuation of the apterium along the
margin of the dorsal lip provides a natural separation between
the abdominal and ventral caudal tracts.
There is no natural distinction between the feathers of the
ventral caudal tract and those of under tail coverts. In discussing these feathers collectively, we have found it less confusing to list them all as under tail coverts.
Rectrices.—The rectrices are along the lateral margin of
the tail. Those of the medial pair are larger than the others
and lie at a slightly higher plane close to the pygostyle. In
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many birds the medial pair appear to be part of the row of
major coverts. In the cock these are designated the main
sickles (fig. 67). The chicken often has 14 rectrices, seven on
each side, as indicated in figures 62 and 67; however, the
number of tail feathers varies and is discussed in greater
detail on page 161.
Upper tail coverts.—The key to the feather tracts (p. 74)
lists upper major, median, and minor tail coverts. These
three rows occur in some birds, but in the chicken only two
rows are found—the upper major and median. They parallel
the rectrices. At the lateral ends of these rows some feathers
may be missing, so that the rows are not always complete.
Under tail coverts.—As with the upper tail coverts, the
under tail coverts are listed in the key to the feather tracts
as forming three rows—under major, median, and minor. In
the chicken only the under major row is identifiable. In
figure 62, these and any additional feathers adjacent to the
rectrices have been labeled collectively as under tail coverts.
Lateral body tract and apterium
There is only one lateral body tract on the side of the
body. This group of feathers exists as a small island in the
midst of a large lateral body apterium (fig. 61). The tract
extends ventrally from the junction of the wing and body
toward the pectoral tract, but among individuals, the size
and pattern of feather arrangement varies. On one pattern
shown in figure 63, E, crossing of rows has produced squares,
diamonds, and triangles.

^^-Dorsal caudal
tract

Oil gland papilla
Orifice of oil gland duct
1 gland circlet

FIGURE

65.—Feather distribution on the uropygial eminence. The seemingly sharp margins merge into the adjacent dorsal surface
of the tail. See figure 388 for additional details in this area. (Modified by K. E. Clark.)
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3.-—Counts on the subhumeral tracts of small chickens

TABLE

Brachial tracts (upper ami)
A discussion of the terminology used here for the brachial
tracts has been given in chapter 2 at some length, chiefly
because we introduced two new terms, "subhumeral tracts"
and "posthumeral tracts," as substitutes for axillary tract
and tertiary remiges, respectively. Also we have used the
term "humeral tract" rather than "scapulohumeral tract."

Side

Rows

No. and relative size of
feathers per row
Five small.
Four large and three small.
Four small.
Five small.
Four large and three small.
Four small.

Right
Left
Right and left...
Right and left.. .
Right and left...
Right and left. ..

Anterior
Middle
Posterior. . .
Anterior
Middle
Posterior. . .
Two rows...
Three rows.
Three rows.
Three rows.
Three rows.
Three rows.

Chicken

Right

1

Left

Humeral tract.—The humeral tract is a strong, moderately
narrow tract with parallel sides; in the area of the tract the
skin is considerably thickened. The follicles are arranged in
crisscrossing rows (figs. 60 and 63, F). The tract has sharp
medial and lateral boundaries. On the medial side is the
broad scapular apterium, and on the lateral side is the broad
humeral apterium. There may be continuity on the medial
side of the humeral tract at the anterior end with the ventral
cervical tract, on the lateral side with the upper marginal
coverts of the prepatagium, and caudally with the posthumeral tract. The posterior edge of the tract lies at the
junction of upper arm and metapatagium.

2
3
4
5
6

Variable.
Do.
Do.

The subhumerals may be separated from the under forearm tract as shown in figures 61 and 62, but in most specimens there is continuity of the two tracts at the elbow.

Subhumeral tract.—The subhumeral tract is a band of
narrow, typically contour feathers, extending the length of
the upper arm (figs. 61 and 62). The number of rows varies,
but generally three are present (table 3).

Posthumeral tract.—The details of the posthumeral tract,
shown for wild birds in figures 46 to 49, are not shown for

Cloacal apterium-

Cloacal tract —
Dorsal lip

Cloacal circlet

Ventral lip
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abdominal
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r r^
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n
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FIGURE

66.—Feather follicles around the cloaca merge with the foUicles of the medial abdominal tract.
(Modified by R. B. Ewing.)
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Rectrices

Main sickle(male)

Follicle of rectrix
6th coccygeal
vertebra

Pygostyle

Spinous process
Transverse process

Iliocaudal incisure
Iliocaudal spine

1st coccygeal vertebra
6th caudal
vertebra

Medial margin
of ilium
Lateral margin
of ilium

Fused caudal
vertebrae
Ventral process of
caudal vertebra
Ischium

Shield
Tip of pubis
Ischium

A
FIGURE
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5^ Pubis

caH/nraz^

^

B

67.—Relationship of the rectrices to the pygostyle in the Single Comb White Leghorn Chicken. (Modified by J. Cagle.)

A, dorsal view of rectrices, coccygeal vertebrae, and caudal half of
the pelvic girdle and shield.

the domestic birds, but the general plan of organization
is the same. The posthumeral tract is usually composed of
three rows of feathers. The middle row carries the longest
ones, which are designated posthumeral quills; those in the
rows in front of and behind the quills are called upper and
under posthumeral coverts. The posthumeral tract lies between the secondary remiges and the humeral tract without
separation by spaces from these two groups.
Alar tracts and apteria (iotrer arm and hand)
The list given under the heading of alar tracts in the key
to the feather tracts is extensive because the rows of coverts
(tectrices) associated with the primary and secondary
remiges have each received names. When feathers are arranged in definite rows, as they are on the wing and the
margins of the tail, they are not usually spoken of as tracts.
Many, but not all the rows listed in the key to the feather
tracts are present in the chicken. Also, under the heading of
alar tracts, we have listed the rows of down feathers on the
wing. These actually do not form tracts, but because they
form rows like coverts and remiges, there seemed no other
convenient category in which down feathers of this type
could be placed. Because apteria are so intimately related to
the tracts, we describe them together. Our purpose is to
describe the location of the feathers rather than their size or
appearance. The topic of ptilosis is discussed later in the
chapter.
In the following text we describe all the feathers on the
dorsal surface of the hand and forearm, and then those on the
ventral surface of the hand and forearm; we have already described those associated with the upper arm. As explained in

B, ventral view of A.

the introduction to the section "Pterylosis—Excluding the
Head" we could not show all the feathers of the wing in the
total views of pterylosis (figs. 60 to 62) ; therefore, the wing
had to be enlarged so that the details could be shown (figs.
68 to 71). The following description is based on these four
figures.
Upper surface of the hand.—The 10 prinaary remiges of the
manus are implanted in the hand portion of the postpatagium
(figs. 69 and 70). The remiges are the most rigid feathers of
the body, and the axes of the follicles in which they are implanted extend from the free edge of the postpatagium to the
bones of the hand. Figures 111 and 112 show the location of
the remiges from the tip of the middle finger to the wrist.
We have followed Wray (1887a: 344), Steiner (1917: 224),
and others in naming remiges according to the bones of the
hand and fingers with which the remiges are associated. The
10th is the predigital, the ninth and eighth are the middigitals,
the seventh is the addigital, and the sixth to first are the
metacarpals.
We have examined several Single Comb White Leghorn
Chickens that had 11 primary remiges. The most distal
feather of the series was nearly as large as the adjacent 10th.
It was not as small as the 11th primary remex of the duck.
The 11th remex may be present in both wings or one. No
data have been collected on the incidence of this anomaly.
From the material examined, an 11th remex occurs more
frequently in the Common Coturnix than in chickens. Its
occurrence in coturnix is discussed on page 134.
There are at least nine upper major primary coverts; each
is placed on the distal side of its corresponding remex. At
first we were uncertain about which covert should be designated as the beginning of the series. What we labeled
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carpal remex in figure 69 closely resembled an upper major
carpal covert, except that it was placed somewhat more
anteriorly than the others. The answer to the problem came
from an examination of the upper major primary coverts
and carpal remex of the turkey (ñg. 77). In the Bronze Turkey
there is a full complement of 10 upper major primary coverts
in addition to the carpal remex; also the carpal remex is short
and placed near the basal end of the first primary remex so
that it could not readily be considered a major covert.
Occasionally a chicken can be found with a 10th upper
major primary covert. Each upper major primary covert is
approximately two-thirds to three-fourths as long as its
equivalent remex. The basal ends of the follicles of this row
of coverts and those of the remex folHcles coincide closely.
In the chicken there is poor positional continuity between
the upper median coverts of the hand (fig. 69) and those of
the forearm (fig. 68), whereas in the turkey the arrangement
of rows suggests greater continuity (figs. 76 and 77). In the
chicken, the distal end of the row of upper median secondary
coverts curves anteriorly toward the base of the index
finger rather than toward the beginning of the upper median
primary covert row of the hand. The first upper median
primary covert lies on the dorsal surface of the remex folhcle.
Number 2 in the series was absent in the material we stucHed
and illustrated (fig. 69) ; the series begins again with number
3 and continues to number 10.
Upper minor primary coverts are comi30sed of two rows :
the first row begins with the third feather of the scries and
continues uninterruptedly to the ninth. The second row
begins with the first feather, misses the second, and continues
with the third feather to at least the eighth. Figure 69 shows
another feather distal to the eighth that might be the ninth,
but this one cannot be separated with certainty from the
marginal coverts.
Small apteria separate the second row of minor coverts
from the marginals located along the leading edge of the wing.
The several parts of the upper hand apteria are separated by
isolated feathers located between the second row of minor
coverts and the marginals.
The upper marginal coverts of the hand are usually arranged in one row at the distal end as shown in figure 69,
but the tract broadens to several rows in the region of the
index finger. Our illustration does not show the follicles of
the feathers that lay directly on the leading edge of the hand.
Four alular remiges are present. The first is the largest of
the series and lies at the tip of the index finger. Each succeeding one is somewhat smaller and is placed farther from
the free edge.
Among the species of birds studied here, there is no natural
boundary between the follicles for the feathers that compose
the marginal coverts and those that by their relation to the
alular remiges should function as alular coverts. In figure 69,
these follicles are labeled upper marginal coverts of the alula,
and are separated by a dashed fine from the marginal coverts
on the prepatagium. The feathers adjacent to the alular
remiges are somewhat longer than those more proximally
placed, but the transition is gradual. The feathers illustrated

in figure 109, page 168, are labeled alular coverts because they
appear to serve the function of coverts.
The chicken has more clearly organized rows of down
feathers than has any other domestic and laboratory species
we examined. One row of nine, the upper distal primary
downs, lies near the free edge of the postpatagium of the
hand between the remiges. The 10 follicles of the second row,
the upper proximal primary downs, lie between the follicle
openings of major and median coverts. Although these are
designated as downs, some in a row have the characteristics
of miniature contour feathers.
Upper surface of the carpal repon.—The carpal remex of
a chicken is similar in size and character to the first of the
upper major primary coverts; like these coverts, it parallels
the adjacent remex folhcle. It has been customary to call this
feather a remex, although in none of the specimens or species
we have examined did we ever observe this feather at the
free margin of the postpatagium. In the embryo it may lie
close to the margin (Pycraft, 1899, pi. 15, fig. 1). Steiner
(1956) depicted in the Tawny Owl, Strix aluco, and in the
pigeon. Columba livia, that the carpal remex lies at the anterior end of the row of secondaries in line with the upper
major primary coverts. What we have shown in the chicken
is closely similar to the situation pictured by Steiner (1917:
381) for the Purple Heron (Ardea purpurea). As in the heron,
the chicken has a feather that cuts across the dorsal surface
of the carpal remex near its basal end; this feather is the upper
major carpal covert. Anterior to this is a small feather on a
line that continues from the upper median secondary coverts.
We have designated it the upper median carpal covert (figs.
69 and 263, A, p. 434). Close by and anterior to it is a feather
that from its location and its connection by muscles to other
carpal coverts, has been named the 'dipper minor carpal
covert'^ (fig. 263, .4). Because there have been uncertainties
in determining the number of carpal coverts, there needs to
be made, unbiased by theory, a detailed, careful study of
feathers in the carpal and adjacent areas, both embryologically and morphologically.
The rows of downs on the hand and forearm are represented on the carpus but have shifted anteriorty as have the
carpal remex and its coverts. The single upper distal carpal
down is at the same level as the proximal downs of the hand
and the distal downs of the forearm (figs. 68 and 69). There
are two upper proximal carpal downs, which lie at the same
level as the proximal secondary downs.
Upper surface of the forearm.—The Single Comb White
Leghorn Chickens that we have examined usually had 18
secondary remiges. Some chickens had 17 (fig. 62) and occasionally we suspected a 19th, but the last feather is small
and similar to the adjacent posthumerals. A fifth secondary
remex is present in chickens; the wing is thus of the eutaxic
type. There is no evidence of irregularities in the arrangement
of the covert rows.
There may be some question as to the identity of the
coverts that belong to a particular remex, but we have followed Steiner (1917) and Humphrey and Clark (1961) in assuming that, basically, corresponding feathers in adjacent
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rows are inclined distally on the dorsal side of the wing.
A minor covert is slightly closer to the tip of the wing than
is a median covert, and a major covert has the most proximal
position of the three. This was assumed to apply to the
upper coverts on the hand as well as on the forearm. The
typical plan is shown schematically in figure 72. It is this
arrangement that Wray (1887a) depicted for the duck.
The 18 upper major secondary coverts form a complete
row, and the bases of the feathers lie on about the same
line as the bases of the remiges. Each of these coverts, up
to about feather 15, crosses dorsally over its remex; but at
the cubital end of the row, where all the feathers are small
and crowded, the axes of feathers of adjacent rows parallel
each other. In this area the basic pattern shows best that each
row toward the leading edge is slightly more distally placed
than the corresponding feather toward the trailing edge.
This pattern carries upward into the marginals (fig. 68).
Each of the 18 upper median secondary coverts lies on the
distal side of its remex and its major covert. The follicles for
these feathers are much smaller than those of the major
coverts, yet they form a complete row. Each upper minor
secondary covert lies on the distal side of a medial covert
and is only very slightly closer to the leading edge of the
wing. The minor coverts, like the median coverts, form a
complete row from 1 to 18.
We have labeled only one row of minor coverts (fig. 68) ;
we could readily designate a second and a third minor row
as Steiner (1917) has done, but it seems arbitrary because
there is no natural boundary between these rows and the
marginal coverts. Sundevall (Dallas, 1886: 396), Wray
(1887a), Goodchild (1891), Steiner (1917), and others considered that several minor rows were present, but they based
their decisions on the plumage rather than the pterylosis,
as we have done here. The anteroposterior rows of the
upper marginal coverts of the prepatagium follow an arc with
the concavity toward the proximal end of the forearm. In
forming this concavity, the direction of the follicle rows
changes about 90°.
The upper cubital apterium overhes the elbow joint and
is the only featherless space on the upper surface of the forearm. The upper distal (anterior) row of secondary downs
lies either on the dorsal surface of the remex follicles or on
their distal sides. The row begins with the first in the series;
in the specimen shown in figure 68, it ended with the 13th,
The upper proximal (posterior) secondary downs are placed
on the carpal side of the major coverts. The row is relatively
short, beginning with 1 and ending with 10 or 11.
Under surface of the wing {direction of rows).—The anteroposterior direction of the rows on the upper surface of
the hand inclines distally from the trailing edge of the wing
toward the leading edge (fig. 72, A). On the under surface
of the wing, the rows incline in the opposite direction, which
agrees with Steiner (1917) and Humphrey and Clark (1961).
The postpatagial tissues in figure 72, A, are shown as semitransparent. The sohd lines join the follicles on the dorsal surface and the dashed lines join the follicles on the ventral surface. The dorsal and ventral lines make U turns at the level
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of the mouths of the remex follicles. This graphically shows
that rows are inclined distally on the dorsal surface and
proximally on the ventral surface. Figure 72, B, shows how
the rows would look if the surfaces of the wings were unfolded. This type of diagram is used mostly by authors who
have studied the arrangement of follicles in eutaxic and
diastataxic wings. This pattern is easy to follow on the dorsal
surface but becomes somewhat more difficult on the ventral
surface because the feathering here is less complete.
Under surface of the hand.—There are 10 under major
primary coverts, each on the proximal side of its corresponding remex. The follicles of the major coverts are only about a
third as long as those of the primary remiges and are located
near the middle of the calami of the remiges.
At the basal ends of the remiges are two rows of minor
coverts (fig. 70). The first row is composed of 10 feathers,
and the first in the series lies in the anterior part of the
carpal region. The last in the series lies ventral to the 10th
remex. The second row has only two follicles at the beginning
of the row; each of these lie proximal to the minor coverts
of 1 and 2 in the first row.
Extensive apteria spread over the ventral surface of the
hand. The largest one is the underhand apterium. In the wrist
region this apterium is continuous with the under forearm
apterium (fig. 70). A small apterium in the hand region cuts
into the tract of marginal feathers, and two small under alular
apteria in the region of the under alular patagium are separated by a row of three feathers. These spaces vary in their
extent, connections, and placements. The remaining surface
along the leading edge of the wing, including the surface
beneath the alula and along its margins, is occupied by
under marginal coverts of the hand.
The under distal primary downs, one for each remex, form
a row anterior to the ligamentous band that parallels the
edge of the postpatagium. An under proximal primary down
is sometimes present near the basal end of the first primary
remex. Two downs are on the under surface of the alular
quills, but these are inconstant in their occurrence.
Under surface of the carpal region.—An under major carpal
covert is clearly evident near the anterior part of the carpal
postpatagium. A question may be raised whether there
should be included in the carpal group one feather from each
of the two minor covert rows. In figure 70 these two feathers
have been grouped together under the label, under minor
carpal coverts. If the scheme depicted in figure 72 is followed closely, then these two feathers might be regarded as
1 in the first and 1 in the second under minor primary covert
rows. The latter alternative seems unlikely since a 10th
under minor primary covert—first row—is present, and if
the one from the carpal region were included also, this would
result in a total of 11 feathers, one more than the number
of primary remiges. Pitelka (1945) demonstrated that in the
Scrub Jay (Aphelocoma coerulescens) the under median
coverts were present in the forearm but absent in the hand.
Under surface of theforearm.—EiiGh under major secondary
covert lies on the proximal side of its remex (fig. 71). The row
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FIGURE

68.—Contour and down feathers on the dorsal surface of the forearm of the Single Comb White Leghorn Chicken.
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Under major carpal covert -—'

70.—Contour and down feathers on the ventral surface of the hand of the Single Comb White Leghorn Chicke
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69.—Contour and down feathers on the dorsal surface of the hand of the Single Comb White Leghorn Chicken.
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71.—Contour and down feathers on the ventral surface of the forearm of the Single Comb White Leghorn Chicken.

begins with 1 and ends with 13; absent for remiges 14 to 18.
The under median secondary coverts also form an incomplete row. The row begins with the second feather in the

series and continues through the 10th. Only at the distal
end do the median coverts have a close association with remex
follicles of corresponding numbers. At the proximal end the
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Distal

Under minor
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72.—Arrangement of the rows of coverts on the upper and under surface of hand and forearm. Lines join the rows of
coverts with the remiges.

A, coverts are shown on a wing represented as semitransparent. The
rows on the upper surface are inclined distally, and those on the under
surface are inclined proximally.

B, illustrates the continuity that would exist if the surfaces could be
laid out in a single plane.

folhcles he in the web of the postpatagium between adjacent remiges. In this position it might be assumed that what
has been labeled 2 in the row (fig. 71) actually belonged to
the first remex and therefore should be designated as 1.
Support for choosing the labels presented here comes from
an examination of the under forearm of the turkey (fig. 79),
where each under median secondary covert retains a close
association with its remex. In the Common Coturnix (fig.
86), the first under median secondary covert lies on the
distal side of the first secondary and the second median covert
lies on the proximal side of the next secondary. This same
relationship of under median coverts to the follicles of
secondary remiges applies also to the White Pekin Duck
(fig. 94) and the Common Pigeon (fig. 101).
The first row of under minor secondary coverts is located
well anterior to the under major and median coverts. The
row begins with 1 and continues uninterrupted to 18. The
first follicle lies directly anterior to its remex. Follicles 2
through 10 lie proximal to the remex of the corresponding
number, some even to the extent of a full interremex space.
Beginning with 11, a crowding together takes place so that
at the end of the series, 18 lies in a direct line with its remex.
The second row of under minor coverts is an incomplete
row beginning with 2 and ending with 12.

The under forearm apterium is continuous at the distal
end with the under hand apterium, and at the proximal end
with the cubital apterium. Anterior to the narrow, long
apterium are two rows of follicles that represent the under
forearm tract. Anterior to the tract are scattered down and
delicate semiplume feathers located within the under prepatagial apterium. Close to the leading edge of the wing are
three to four rows of short, stiff contour feathers placed
closely together that constitute the under marginal coverts
of the prepatagium.
Under distal and proximal secondary downs are absent
from the forearm.
Femoral tract
The feathers of the femoral tract form a pattern of crisscrossing rows that produce squares, particularly near the
center of the tract (fig. 64, C). The dorsal edge of the tract
borders the lateral pelvic apterium (fig. 61). The rows of follicles in the tract curve from the dorsal to the anterior margin, which merges into the lateral body apterium. Along
the infracaudal margin the rows lie close together, and the
feather follicles may have an alternating arrangement.
In figure 64, C, however, the follicles are shown one behind
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another. The alternating arrangement is demonstrated by the
feather muscles (fig. 265, A, p. 438).
The arrangement of the rows varies considerably in the
anterior part of the tract adjacent to the lateral body
apterium, and the diagram in figure 64, C, does not apply
to all the specimens examined. However, the condensation
of rows adjacent to the infracaudal margin and the presence
of a crural apterium, the space between femoral and crural
tracts, is characteristic of all specimens we have seen.
Because the squares in the central part of the tract are
large and uniform, the skin from this area has often served
admirably for studies on the musculature, blood supply,
and nerve supply of feather tracts.
Crural tract and apteria
The crural tract can be subdivided into three parts, as
listed in the key to the feather tracts. In the chicken it
seems valid to consider the tract as a continuous entity,
both on the medial and outside surfaces of the leg. This
becomes apparent when the smooth musculature of these
feathers is studied, as illustrated in figure 266, A. The crural
apterium is a transverse space across the knee region that
separates the crural and femoral tracts. The follicles of the
crural tract are rather widely separated. They are arranged
in rows that crisscross in two directions; the pattern is relatively regular, with some condensations and terminations
of rows as the intertarsal joint is approached. On the medial
surface of the crus is a longitudinal area devoid of contour
feathers, which is called the intracrural apterium. This
apterium is continuous with the crural apterium (figs. 61
and 266, A).
Metatarsal and digital tracts and apteria
We will not discuss the metatarsal and digital tracts and
apteria since the Single Comb White Leghorn Chicken,
utilized as the type, has a metatarsus and digits covered
with scales. In a number of breeds these parts are covered
with feathers, and the terminology would be that essentially
given for the Great Horned Owl in chapter 2. Usually, in
certain parts of the tract there is an intermingling of feathers
and scales, a situation discussed in chapter 9 and illustrated
in figure 379, page 600.

Turkey
Our pterylosis studies on the turkey are based entirely
on the Bronze variety. The description of this fowl is not
as detailed as that given for the chicken; instead the approach
is comparative. The turkey is the largest bird used in this
series. In the chicken a tract may often contain some semiplumes at the margin transitional to the downs of an adjoining apterium, but in the turkey contour feathers appear
at the margin and semiplumes appear in the apteria. Therefore, semiplumes and small contours were often excluded in
outlining the tracts and were included with adjacent apteria.
If distinction between tract and apterium had been made
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strictly on the basis of feather type, there would have been
an unnatural dissimilarity in the pterylosis of chicken and
turkey. Perhaps future studies will indicate in the downsemiplume-contour feather series that proportionally more
feathers remain at the lower end of the series in small birds
than in large birds.
Spinal tracts and apteria
The dorsal cervical tract begins caudal to the carunculate
skin of the head and upper neck (fig. 73). Because the origin
of the tract is farther down the neck than it is in the chicken,
the rows are not concentrated at the anterior end of the
tract as they are in the chicken, and the tract may or may
not join the ventral cervical tract (fig. 74). If there is continuity between dorsal and ventral tracts, it is limited to a few
rows of feathers between the carunculate skin and the lateral
cervical apterium. The tract extends farther forward on the
dorsal surface of the neck than it does on the ventral.
In the turkey, the dominant direction of the medial ends
of the rows is anterior (fig. 73), whereas in the chicken it is
posterior (fig. 60). A change in the direction of rows on the
dorsal neck is absent; therefore, there is no natural separation between dorsal cervical and interscapular tracts. The
arbitrary separation of these tracts is indicated in figure 73
by a dashed line placed at the anterior margin of the shoulder.
The interscapular tract is particularly strong in the turkey;
the skin beneath these feathers is greatly thickened. Along
the midline, in the caudal two-thirds to three-fourths of the
tract, there is a narrow but distinct interscapular apterium.
Here the skin is thin. At the transition between the interscapular and dorsopelvic tracts, the feathers are relatively
far apart, and in a full grown turkey there may be suflfiicient
separation to suggest a small, transverse apterium.
The dorsopelvic tract in the turkey, as in the chicken, is
an uninterrupted broad, longitudinal band of feathers. It
may be divided into its separate parts by placing an arbitrary
transverse boundary at the anterior end of the ilium; the
foUicles anterior to this would then belong to the dorsal tract
and those over the ilia and synsacrum, to the pelvic tract.
The dorsal tract is broad, covering scapulae and most of the
dorsal ribs.
The pattern of rows in the dorsopelvic tract is similar
to the diagram (fig. 63, D), In figure 73 the rows seem to be
irregularly arranged, but we tried to place every folUcle in its
exact position. When every folUcle was identified, it appeared
that partial rows were present that sometimes influenced the
direction of adjoining rows. This same situation is treated in
chapter 8, for example, see figure 271. At the caudal end of the
pelvic region, we placed an arbitrary transverse dashed line
to separate the pelvic tract from the dorsal caudal tract.
Ventral tracts and apteria
Ventral tracts and apteria are shown in part in the lateral
view (fig. 74) but most clearly in ventral view (fig. 75). The
rows of the ventral cervical tract are directed caudally toward
the midline, as one would expect if a basic continuity existed
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73.—Dorsal view of the pterylosis of an adult male Bronze Turkey.
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between the rows of the dorsal and ventral cervical tracts.
It is nearly impossible to determine if the tracts are continuous because they are separated by the great width of
the lateral cervical apterium.
A narrow ventral cervical apterium in a full-grown torn
begins at the carunculate skin (fig. 75). In half-grown turkeys, the anterior end of the apterium may lie about half way
between the carunculate skin and beard. In still younger
individuals the anterior end of the apterium may be located
at the level of the beard. The featherless space extends posteriad to the level of the thoracic inlet, where it is continuous
with right and left pectoral apteria. This pattern is similar
to that in the chicken. As in the chicken, the ventral cervical
and pectoral tracts are arbitrarily separated by dashed lines
that begin on the anterior end of the shoulder and follow the
margins of the thoracic inlet to the anterior end of the keel
(fig. 62—chicken; fig. 75—turkey). The rows of contour
feathers within the ventral cervical tract have continuity with
rows of down feathers in the ventral cervical apterium. The
pectoral apterium, separating the pectoral and sternal tracts,
contains numerous semiplumes which, by their arrangement,
give an impression of continuity between these two ventral
tracts. The pectoral tract does not extend as far toward the
groin region in the turkey as it does in the chicken. The tract
is relatively broader in the turkey. The rows within the tract
cross at right angles and give the effect of a geometrical
arrangement of feathers as diagramed for the chicken in
figure 64, A.
Feathers at the anterior end of the sternal tract are
widely spaced and transitional toward feathers of the adjacent pectoral and ventral cervical apteria. The remainder of
the sternal tract is strong, as is its continuation caudally
where it becomes the medial abdominal tract. The sternal
tract is divided by the sternal apterium located on the ventral edge of the keel. This space, entirely devoid of down
feathers, continues into the abdominal region where it is
continuous with the medial abdominal apterium.^ Separation
of the sternal and abdominal tracts is arbitrary, as indicated
(fig. 75) by the dashed lines placed at the anatomical boundary between the sternum and the abdomen.
The sternal and abdominal tracts have an approximately
uniform width throughout their length (fig. 75). The follicles
lateral to the medial abdomial tract are widely spaced; the
feathers of the apterium are small, as explained in footnote 1.
The area where they are located is designated the lateral
abdominal apterium.
The abdominal tract includes the feathers around the cloaca,
but the abdominal tract proper is separated from the ventral
lip of the cloaca by a narrow featherless space. The ventral

1 In the chicken the feathers of the lateral abdominal tract are similar
to and nearly as long as those of the medial abdominal tract so that
both tracts contribute to the fluff. In the turkey^ however, typical
feathers of a fluff are hmited to the medial abdominal tract, and the
area of the lateral abdominal tract is more appropriately called an
apterium.
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lip does not protrude as much in the turkey as it does in the
chicken. Toward the corners of the dorsal lip are a few feathers
that are separated from the remainder of the abdominal
tract. They may be regarded as part of the cloacal tract.
On the median part of the dorsal lip is a conspicuous cloacal
apterium that continues without interruption to the soft,
fleshy tissues of the cloacal margin. The feathers of the last
row of the cloacal tract (adjacent to the vent opening) are
slightly smaller than those of the adjacent row but appear to
be part of the cloacal tract rather than a separate and distinct
row forming a circlet.
Caudal tracts and apteria
The dorsal caudal tract is located on the dorsal surface
of the tail and extends caudally to the oil gland papilla. The
remainder of the dorsal surface of the tail is occupied largely
by a dorsal caudal apterium. There are eight or nine pairs of
rectrices in the male turkey.
Dorsal to the rectrices is a row of large upper major tail
coverts, one for each rectrix (fig. 73). The shafts of these
coverts parallel those of the rectrices. A row of from eight to
nine upper median tail coverts lies parallel and anterior to
each row of major coverts. The central members of the row
have small contour feathers, but those more laterally placed
are plumulaceous.
The uropygial eminence is covered with many feathers at
the posterior of the dorsal caudal tract. These folhcles of the
feathers end at the base of the uropygial papilla. An oil
gland circlet is not shown in figures 73 and 74; but small,
short feathers are often present, especially in young turkeys.
They seem to be abraded rather frequently in the turkey so
that often the end of the papilla seems bare.
The bare surface covering the most laterally placed rectrix
is called the lateral caudal apterium. It extends forward to
the caudal indentation and is confluent with the dorsal and
ventral caudal apteria.
The ventral caudal tract is larger in the turkey than it is
in the chicken and occupies the space posterior to the caudal
indentation as far as the rectrices (fig. 75). There are about
four transverse rows and these are grouped together as a
ventral caudal tract, but it would be equally accurate to
label them under major, under median, and under minor
tail coverts—the last having two rows. In the midline a
ventral caudal apterium widely separates the two halves of
the tract and is continuous with a transverse part of the
same tract. At the posterior end, the apterium is continuous
with a narrow space separating the ventral caudal tract and
rectrices.
There are two distinct rows of down feathers, one on the
upper surface and one on the lower (figs. 73 and 75). The
upper down feathers of the tail He nearly midway between
the rectrices and upper major coverts, but slightly closer to
the rectrices. There are about seven on each side. The under
down feathers of the tail also lie close to the collars of the
rectrix follicles. A few scattered downs are on the dorsal
caudal apterium.
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lateral body tract and apterium
The lateral body tract is a small group of feathers extending from the base of the wing, diagonally across the lateral
body apterium toward the pectoral tract (fig. 74). Anterior
to it are small scattered downs. All the feathers are large
and of the semiplume rather than contour type^ as in the
chicken and duck.
Brachial tracts and apteria
The humeral tract on the dorsal side of the upper arm is
a strong tract. It has a moderately well-defined boundary
adjacent to the large scapular apterium, with some transitional small feathers, and a very sharp boundary adjacent
to the humeral apterium (fig. 73). A narrow band of feathers
provides continuity between the anterior medial corner of
the humeral tract and the ventral cervical tract. Three rows
of feathers extend along the posterior margin of the upper
arm and fill the space between the secondary coverts and
the humeral tract; these are the posthumerals. Among these
the longest feathers are in the middle of the three rows.
There is continuity betw^een this tract and the upper marginal coverts of the prepatagium; however, the width of
this continuity is restricted by the humeral and the cubital
apteria. The upper cubital apterium is thin, featherless skin,
covering the elbow joint (figs. 73 and 76).
The subhumeral tract is composed of a band of contour
feathers on the under side of the upper arm. It extends from
the lateral body tract almost to the elbow (figs. 74 and 75).
The feathers of the caudal row are the largest; those anterior
to it are much smaller, and anterior to these are scattered
feathers similar to those of the under prepatagial apterium.
Alar tracts and apteria
The description of the feathers on the hand and forearm
of the turkey are less detailed than those given for the
chicken. The pterylosis patterns for turkey and chicken are
similar, and, except for minor details, the description of
one closely fits that of the other.
Upper surface of the hand.—There are 10 primary remiges,
large and equally spaced, on the upper surface of the hand.
Each upper major primary covert lies on the distal side of
its remex; the 10th is large enough so that it is clearly a
major covert and not one of the marginal coverts (fig. 77).
As mentioned earlier, this fact enabled us to number correctly the major coverts of the chicken and the Common
Coturnix.
The upper median primary coverts lie on the distal side
of the major coverts, beginning with the second feather in
the series and ending with the ninth. Squeezed in between
the median coverts and the upper hand apterium is a partial
first row of upper minor primary coverts, from the third
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through the eighth feather. In some specimens it included
only five feathers, the fourth through the eighth.
Dow^n feathers, represented by black dots in figure 77,
fill the upper hand apterium. This space extends from near
the tip of the wdng to the base of the index finger, where it
merges with the upper alular apterium, and is arbitrarily
separated from it by a dashed line. Because the upper hand
apterium is broad, the upper marginal coverts are restricted
to one or two rows of feathers. There are four alular remiges,
and several smaller feathers on both sides of the fourth.
The upper marginal coverts on digit II are numerous. Those
adjacent to the alular remiges can be considered as alular
coverts, but a one-to-one relationship does not exist between
these remiges and their coverts.
Upper surface of the carpal region.—The carpal remex
and its upper major covert are small. They lie close together
on the dorsal surface of the first primary, near its basal end
(figs. 76 and 77). The term "carpaF' implies that these
feathers are associated with the wTist. Soft X-ray radiographs of this area show that the carpal feather, closely
associated as it is with the first primary, actually lies above
the carpometacarpus, whereas the base of the first secondary
or axial feather points toward the cuneiform (ulnare) bone
of the wrist. These facts in no w^ay change the well-established concept that the small feather on the proximal side
of the first primary is a carpal remex and that the axial
feather is the first secondary. The seeming differences between observations on fresh or dried specimens and X-ray
pictures are discussed again on page 171.
Several down feathers lie on the postpatagium of the wrist.
We have considered the down closest to the edge as the first
upper distal primary down, anterior to this is the upper
distal carpal down, and the remaining two are the first
upper distal and upper proximal secondary down feathers.
VariabiUty in the placement of these down feathers renders
this terminology subject to change.
Upper surface of the forearm.—There are 18 secondary
remiges on the upper surface of the forearm in the turkey,
as there are in the chicken. The first, the axial feather, is
shorter than the second in the series. Each of the 18 upper
major secondary coverts almost parallels but crosses slightly
the corresponding remex (fig. 76). Each of the 18 upper
median secondary coverts lies near the basal end of each
major covert and on the distal side of it. Only the first row
of upper minor secondary coverts is labeled; a complete
series of these is present from 1 to 18. In the young turkey,
the feathers in the more anterior rows are downy or semiplumulaceous, w^iereas in the old bird they are typically
contour in type. No natural separation exists between minor
coverts and marginals, and the lines joining the row^s of secondaries and coverts could be extended smoothly to the
marginal coverts. No apteria are present on the upper forearm

74.—Left lateral view of the pterylosis of an adult male Bronze Turkey.
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surface of the turkey, except for the upper cubital
apterium located above the elbow joint.
There is a complete row of upper distal secondary down
feathers; the first one hes at a higher level on the postpatagium of the wrist than do those in the remainder of the
rows (fig. 76). The implantation of downs 2 to 18 varies;
some seem to be attached to the webs between foUicles of
the secondaries and others spring from the skin overlying
these foUicles. We found that stretching the skin often produces differences in the placement of the down feathers.
The upper proximal secondary down feathers begin with
the first and continue along a straight line to the twelfth.
The down feathers of this row are between the major and
median coverts, as in the chicken.
Under surface of the hand.—On the under surface of the
hand, the first under major primary covert lies on the proximal side of the first primary (fig. 78). A line joining the first
under median and first under minor coverts should curve
in a proximal direction, according to the scheme in figure 72.
Instead, a line joining these three feathers curves in a distal
direction. Irregularities of this sort occur more frequently
on the under than on the upper surface of the wing.
There are 10 under major primary coverts. The under
median primary coverts formed an incomplete row, from 1
to 7, in one specimen we examined. In seven specimens
there was only a single feather of this row, as shown in figure
78, and in two specimens there were two feathers in this
row. Anterior to the one or two under median coverts are 10
under minor primary coverts in the first row. x\t the end
of the row is an additional feather that we consider to
belong to the under marginal coverts. A second row of
under minor primary coverts does not exist, its position
having been taken by the under hand apterium. At the
two ends of the apterium the follicles of the minor coverts
seem to be part of the under marginal coverts of the hand,
but the regularity of rows is less precise than on the dorsal
surface.
Only three of the four alular remiges are visible from the
ventral side. In the turkey a digital claw is absent. The
under marginal coverts of the hand are scattered on the
ventral surface of digit II, and presumably those adjacent
to the alular remiges can be regarded as under major alular
coverts.
Under surface of the carpal region.—Only one carpal feather
is present on the under surface of the carpal region. It is
labeled under major carpal covert, although it is clearly in
line with the adjacent under median secondary and primary
coverts (figs. 78 and 79).
Under surface of the forearm.—There are 17 under major
secondary coverts, the 18th in the series being absent (fig.
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79). Each of these hes on the proximal side of its adjacent
remex, but the under median secondary coverts lie directly
above the remex follicles having the same numbers. According to the scheme diagramed in figure 72, an under median
secondary covert should lie proximal to its remex and to
its under major secondary covert. The row of under median
secondary coverts begins with follicle 1 on the ventral surface of the first secondary remex. This position is retained
by other members of the row to the 15th, which is the last
feather in the sequence. There are two rows of under minor
secondary coverts. The first row is complete from 1 to 18.
The second row begins with feather 1, and, in the specimen
illustrated (fig. 78), the row continued through the 16th.
Anterior to the minor coverts is an elongated and relatively broad under forearm apterium beginning at the wrist
region and extending to the elbow, where it is widely confluent with the under cubital apterium and, beyond that,
with the humeral apterium.
The under forearm tract has a nearly complete posterior
row of contour feathers. Anterior to these are two incomplete rows. Anterior to the under forearm tract are plumulaceous feathers within the under prepatagial apterium.
Beyond the apterium are the two or three rows of under
marginal coverts of the prepatagium.
Under secondary downs are limited to an incomplete
distal row beginning with the third and ending with the
11th feather. Each is on the web between remiges (fig. 79).
Femoral tract
Relative to the size of the thigh, the femoral tract in the
turkey is small compared to that in the chicken. The organization is the same in both birds, namely, the shape is triangular, the rows are irregular along the anterior margin,
and several rows are compressed along the infracaudal margin
(fig. 74). The foUicles along the dorsal edge of the tract are
large and sharply distinguished from the scattered foUicles
of the pelvic apterium. The pelvic apterium is much broader
in the turkey than it is in the chicken. Many of the feathers
are semiplumes rather than downs. Each semiplume is
represented in figure 74 by a dot with an attached straight
line.
Crural tract and apteria
The foUicles of the crural tract are rather far apart but
are uniformly distributed on the lateral, anterior, and posterior surfaces of the shank. On the medial surface the feathers are smaUer and irregularly spaced. The rows of foUicles
are close together in the region of the ankle and the feathers
are short. A small intracrural apterium, on the medial
surface of the crus, is confluent with the crural apterium.

75.—Ventral view of the pterylosis of an adult male Bronze Turkey.
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76.~Contour and down feathers on the dorsal surface of the forearm of the Bronze Turkey.
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78.—Contour and down feathers on the ventral surface of the hand of the Bronze Turkey.

Common Coturnix
The pterylosis of the Common Coturnix is similar to that
of the galliform species previously described. The chief
technical problem in a study of pterylosis of coturnix is
difficulty in seeing the empty follicles.

Spinal tracts and apteria
The anterior end of the slender neck broadens
the base of the head. In this area the short contour
project outward, almost at right angles to the skin.
down the neck, where the feathers are longer, they

to meet
feathers
Farther
lie close
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1st Upper proximal
secondary down

1st upper minor
secondary
covert - 1st row

Upper marginal coverts of the alula
'rUpper alular apterium
Upper hand apterium
. 3rd upper minor primary
covert - 1st row
- Upper marginal
coverts oí the hand

8th upper minor primary covert - 1st row
9th upper median primary covert
plOth upper proximal distal
primary down
10th upper major
primary covert
X
10th upper distal
primary down
IX

1st upper median
secondary covert
Upper major
carpal covert
Carpal remex
1st upper major
secondary covert
1st upper distal
secondary down
Upper distal carpal down

FIGURE

1st upper proximal primary down

Primary remiges I X
Secondary remiges 1 - 3
Alular remiges l'- IV
Downs •••

L- 2nd upper median primary covert
- 1st upper distal primary down
- 1st upper major primary covert

77.—Contour and down feathers on the dorsal surface of the hand of the Bronze Turkey.
■ Under major alular coverts
■ Under marginal coverts of the alula
2 /^^

j 1st under minor secondary covert

- Under marginal coverts of the prepatagium
I

Under forearm apterium

1st under minor primary
covert - 1st row
Under major
carpal covert

Under prepatagial apterium
Under forearm tract

1st under median
primary covert

1— Under cubital apterium
l6th under minor
secondary covert
- 2nd row
18th under minor
secondary covert
- 1st row

1st under distal
primary down
Under distal
carpal down

17

17th under major
secondary covert

1st under major
primary covert
Primary remiges I - X
Secondary remiges 1 - 18
Alular remiges I - III
Downs •••

FIGURE

15th under median
secondary covert

1 cm,

12
13
11th under distal
secondary down

79.—Contour and down feathers on the ventral surface of the forearm of the Bronze Turkey.

to the skin and overlap one another. Adjacent to the head,
the foUicles are so small that the rows are poorly defined
(fig. 80). Any suggestion of rows is obtained only after
stretching the thin skin. In this region the dorsal cervical
tract continues laterally so that it joins the ventral cervical
tract (fig. 81). The area of junction is relatively small—about

four or five rows of feathers between the caudal end of the
malar tract and the beginning of the lateral cervical apterium.
The skin of the dorsal neck, from the upper third of the
neck to the interscapular region, is stretched like a cord
suspending the lower flexure of the neck. This characteristic
is not shown in figures 80 and 81 because in the drawings
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this band of skin has been stretched laterally to show the
arrangement of follicles. When this is done, it is apparent
that the follicles are arranged in chevron-shaped rows with
the apices forward (fig. 80). The skin is so thin that the
underlying smooth muscles moving the follicles can be seen

clearly. The intersecting of these rows of muscles produces
diamond-shaped spaces with a follicle at each corner.
The dorsal cervical band continues posteriorly into the
interscapular tract. When the skin of the cervical band is
stretched laterally, the feather tract it bears is approxi-

Capital tracts

Dorsal cervical tract

Upper distal primary down
Upper major primary covert
■ Upper median primary covert
Alular remiges
■ Alular apterium

r

Lateral cervical apterium
Ventral cervical tract
Interscapular tract
Scapular apterium
Humeral apterium
Upper marginal coverts of prepatagium
Upper marginal coverts of hand -y
Upper hand apterium-i
/

''h-

Cubital apterium
Humeral tract
Lateral body tract

Upper distal secondary
down
Upper major secondary covert

Dorsal apterium
Lateral body apterium
Dorsopelvic tract

Posthumerat tract
Median pelvic apterium

Femoral tract
Lateral pelvic apterium

Crural apterium
Dorsal caudal tract
Oil gland circlet
Crural tract
Rectrices
Ventral caudal tract

Primary remiges I - X
Secondary remiges 1-15

FIGURE

80.—Dorsal view of the pterylosis of the male Common Coturnix.
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Under distal primary down
Under major primary covert
Under minor primary covert
Alular remiges
Under marginal coverts of prepatagium

Under hand apterium
Under marginal coverts of hand

Dorsal cervical tract
Capital tracts
Under distal secondary down
Under major secondary covert
1st row of under minor secondary coverts
2nd row of under minor secondary coverts
Under forearm tract
Under prepatagial apterium
Subhumeral tract
Subhumeral apterium
Posthumeral tract
Lateral body tract
Dorsopelvic tract

Lateral cervical apterium
Ventral cervical tract

Lateral body apterium
Pectoral tract

Lateral pelvic apterium

orsal caudal tract

Pectoral apterium
Sternal tract

Femoral tract

Rectrices
Ventral caudal
tract

Intracrural apterium

Cloacal tract
Cloacal circlet
Crural apterium

Sternal apterium

Crural tract

Primary remiges I - X
Secondary remiges 1-15
FIGURE 8L—Left

lateral view of the pterylosis of the male Common Coturnix.

mately the same width as the unstretched interscapular
tract (fig. 80). The arrangement and character of the rows
are the same in the dorsal and interscapular tracts; therefore, the boundary at shoulder level is indicated by a dashed
line, representing an arbitrary boundary.
A lateral cervical apterium lies between the dorsal and
ventral cervical tracts. At the anterior end, it begins as a
narrow pointed space but expands uniformly as it approaches
the shoulder, where it broadens greatly (compare figs. 80

and 81). In figure 81 the apterium appears to be of uniform
width because the skin bearing the dorsal cervical tract has
been stretched laterally. The dorsal surface of the cervical
patagium is part of the lateral cervical apterium, and its
feather coat is limited to a few scattered downs. The ventral
surface of this patagium carries the feathers of the ventral
cervical tract. The free edge folds upward rather than
laterally, as suggested by figure 80; it thus folds the lateral
cervical apterium on itself and produces a deep featherless
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pocket. This folding of the skin brings the feathers of the
ventral cervical tract adjacent to those of the dorsal cervical
tract. The feather color and pattern around the base of the
neck are so well blended that no interruption in the transition from dorsal to ventral tracts is indicated.
There is only slight evidence of a transition between
interscapular and dorsal tracts, not in the interruption of
the rows but rather by the broadening of the dorsal tract
(fig. 80). The feather rows have the same arrangement and
slope in the area of the dorsal tract as they have in the
interscapular, except that the rows in the dorsal tract are
longer. The folHcles near the midline and the muscles that
move them are large but become smaller toward the ends
of the rows. The strongest muscle bands follow the chevronshaped rows, but delicate longitudinal muscles are visible
through the thin skin.
An apterium runs along the middorsal line from the caudal
end of the interscapular tract through the dorsal tract and
well into the pelvic tract. The apteria in these three regions,
although continuous, take the name of the tract within which
each part is located. The skin of the apterium is elevated
above the adjacent level by the neural spines of the vertebrae. Lateral to the interscapular tract is a broad scapular
apterium that is continuous with the lateral cervical apterium
at the anterior end and the lateral body apterium at the
posterior end.
The dorsopelvic tract narrows gradually and in the pelvic
region passes medial to the hip joints. Beyond the hips the
pelvic tract tapers abruptly so that the tract is no wider
than the transverse processes of the coccygeal vertebrae. As
in other birds examined, the tract continues without interruption on to the dorsal and lateral surfaces of the uropygial
eminence. In figure 80, a dashed line at the level of the
slight caudal indentation marks the boundary of pelvic and
dorsal caudal tracts. The rows, caudally, throughout the
length of these tracts are increasingly closer together. On
the uropygial eminence the rows lose their chevron arrangement and are transversely oriented. Also there is some
disorganization of foUicles within rows.
The lateral pelvic apterium is a narrow featherless space
between the pelvic and femoral tracts (figs. 80 and 81).
Within the space are a few scattered minute contour feathers that are entirely covered b}^ the long feathers from the
back.

The rows of the pectoral tract lie increasingly closer
together at the caudal tip, which is located in front of the
knee when the bird stancís erect.
The sternal and abdominal tracts are weak in the Common Coturnix, and their contour feathers, although moderately numerous, are short. The lateral boundaries of the
sternal and abdominal tracts are clearly defined because the
contour feathers, although small, do not show a band of
transitional feathers, semiplumes and downs, at the edge
of the pectoral and lateral abdominal apteria. The pectoral
apterium is narrow at the anterior end and relatively broad
at the posterior end.
There is a gradual change in the character of feathers
from the sternal to medial abdominal tract, and a dashed
line (fig. 82) placed at the caudal end of the sternum represents an arbitrary separation. The feathers become increasingly long as the rows near the vent. Those immediately in
front of the ventral lip stand erect and project vertically
downward.
The Common Coturnix, like the turkey, in a normal standing position has the legs relatively close together and pressed
agamst the abdomen. Where the inner surface of the thigh
rub'3 against the abdomen, the feathers are few in number
and are reduced in size so that a lateral abdominal tract is
not present, but instead a lateral abdominal apterium
occupies this area. This featherless space includes all the
side of the abdomen caudal to the thigh.
The abdominal tract includes the cloacal tract and cloacal
circlet, which is well developed (fig. 82). On the ventral
(anterior) lip, the circlet stands apart from adjacent feathers
of the abdominal tract, but on the dorsal (posterior) lip the
short feathers of the circlet are the last transverse row of
the cloacal tract, and the transition is uninterrupted.

Ventral tracts and apteria

Caudal tracts and apteria

The interramal tract, the most anterior of the ventral
tracts, begins immediately behind the gonys. It is a triangular group of foUicles, with short, close feathers, as indicated
by the dots in figure 82. Close examination reveals that the
feathers are regularly arranged into chevron-shaped rows
with the apices directed forward. The angle made by the
two rami of a row is relatively large. The pattern continues
in the submalar region, but the limbs of each row enclose a
smaller angle. The rows continue into the ventral cervical
region, where the limbs swing sharply forward at the midline

The reduced tail is entirely covered with feathers, and no
well-defined apteria can be observed. The feathers of the
pelvic tract continue to the uropygial eminence. The oil
gland circlet has approximately 12 feathers, but the papilla
may appear nude if these feathers are broken and abraded.
There are 10 rectrices (five on each side), and the median
pair lies in the same plane as the remainder of the row (fig.
81). There are 10 upper major coverts for the rectrices, and
these are almost as large as the rectrices with which each
one corresponds. A row of upper median coverts consisting

to make a small angle at the apex of the chevron. About
midway along the length of the neck^ the rows change direction so that they now slope anterolaterally from the ventral
cervical apterium to the side of the neck. At about the level
of the lower flexure of the neck, the ventral cervical tract is
spht along the midventral fine by the narrow ventral cervical
apterium. The apterium continues caudally beyond the
thoracic inlet by a pectoral apterium that separates the
pectoral and sternal tracts and a sternal apterium along
the edge of the keel that separates the two halves of the
sternaL tract.
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of small, short feathers is located close to the bases of the
upper major coverts. The feathers and follicles are so small
that we had to examine several specimens to make certain
that the row exists; we have not determined the normal
number of such feathers.
The under tail coverts form part of the large group of
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feathers covering the upper half of the cloacal protuberance.
One can identify the large feathers adjacent to the rectrices
as the under major coverts of the tail and those of the next
row as the under median coverts.
The elimination of a distinct external tail in the male and
the absence of a caudal indentation require that tract identi-

Interramal tract
Malar tract
Submalar tract

Ventral cervical tract
Ventral cervical apterium
Under marginal coverts of prepatagium
Under prepatagial apterium

Under median secondary covert
2nd row of under minor secondary coverts
1st row of under minor secondary coverts
Under major secondary covert
Under distal secondary down

Abdominal tract
Lateral abdominal apterium

Primary remiges I - X
Secondary remiges

1-15

FiGUHE 82.—Ventral view of the pterylosis of the male Common Coturnix.
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fication be dependent upon the use of guide points applied
to the chicken and turkey. In simple terms, the ventral
caudal tract lies below the rectrices and the dorsal caudal
tract, above the rectrices (fig. 81). In the absence of constrictions around the tail, there is uninterrupted continuity
between the cloacal and ventral caudal tracts and between
the pelvic and dorsal caudal tracts.
Lateral body tract and apterium
The lateral body tract in the Common Coturnix consists
of only a few feathers. It lies along the lateral edge of the
pectoral tract (fig. 81). The feathers of the lateral body tract
are smaller than those of the pectoral tract, a criterion that
aids in arbitrarily placing a boundary between the tracts.
The lateral body apterium is most definite in the area of
the prolatus, extending from the lateral body tract to the
thigh and from the base of the wing and dorsal tract to the
caudal part of the pectoral tract. At the anterior end of the
femoral tract are several rows of short feathers that reach
to the dorsal tract.
Based solely on a pterylosis study, it appeared that there
was continuity between the pelvic and femoral tracts, but
examination of the feather musculature revealed that the
two tracts were fully separated by a lateral pelvic apterium,
and figures 80 and 81 conform to these observations.
Brachial tracts and apteria
Humeral tract,~The humeral tract is strong. It lies on the
dorsal surface of the wing and extends as a narrow band
across the upper arm, Caudally, the feathers increase in
length and extend beyond the wing to fill the space between
the wing and the body. More specifically, the tract begins
at the anterior lateral peak of the shoulder and extends
diagonally to the posterior margin of the upper arm and to
the distal half of the metapatagium (fig. 80). The proximal
portion of the metapatagium is bare and is continuous
with the scapular apterium. The band is about three feathers
wide at the anterior end and about five feathers wide at the
posterior margin. The feathers at the anterior end of the
tract resemble those of the ventral cervical tract in color
and pattern. Most of the feathers, however, resemble those
of the interscapular tract and blend with the adjacent
secondary remiges and coverts.
Subhumeral tract—The subhumeral tract is limited to
about three rows of feathers on the ventral surface of the
upper arm (figs. 81 and 82); the most posterior of the rows
bears the longest feathers. There are six to seven feathers
in the posterior row; those at each end of the row are short,
and about four in the center of the row are long. The proximal end of the first or second rows is at the junction of the
prolatus and the wing and may be contiguous with the
feathers of the lateral body tract.
The short subhumeral feathers on the anterior rows are
borne on a narrow fold of thin skin that runs parallel to the
axis of the upper arm. The free edge of the fold is caudal.
The middle row is composed of medium-size feathers and

the anterior row, of small feathers. There are about four
feathers each in the first and second rows.
A small apterium (part of the under prepatagial apterium)
separates the feathers of the subhumeral tract from the
under marginals, and a wide featherless space (subhumeral
apterium) separates the feathers of the subhumeral tract
from the posthumer als.
Posihumeral tract—The posthumeral tract consists of
three rows of feathers. The middle row^ composed of the
largest feathers, has about six; the most proximal feather of
the series is beneath the overhanging large feathers of the
humerais. The feathers become larger toward the middle of
the tract; those adjacent to the end of the secondaries are
small. In figures 80 to 82 two rows lie on the dorsal surface
of the wing and one on the ventral surface. The feathers on
the ventral side of the wing are small semiplumes on the
distal part of the row^ and are small down feathers on the
proximal part. On the dorsal side of the wing there are about
four feathers in the anterior row. These are in the center
of the tract. Anterior to these there may be part of an additional row present. The posthumeral tract is separated from
the upper marginal coverts of the prepatagium by the upper
humeral apterium.
Alar tracts and apteria
Upper surface of the hand,—The pterylosis of the wing is
more difficult to study in coturnix than it is in large birds.
Many of the feathers are small and plumulaceous. In wings
of large birds, equivalent feathers are typical contours.
Usually there are 10 remiges, but in the colony from which
we obtained birds, 11 remiges were found in about 30 percent of the specimens. Specifically, in two specimens examined closely, there were 11 fully developed remiges on the
right wings, as shown in figure 84, and 10 on the left. The
11th is not a remide or a rudimentary feather but a feather
as large as the adjacent 10th. A completely formed 11th
remex has also been found in chickens but less frequently
than in this stock of Common Coturnix. When 10 remiges
are present, they have the same associations: with the bones
of the hand as described by Wray (1887a) for the duck.
Since there were 11 prmiaries instead of the usual 10
(figs. 84 and 85), an X-ray study of the coturnix wing
(fig. 87) was made to show the position of each of the 11
remiges in relation to the bones of the hand. The 11th remex
is associated with the terminal phalanx of digit III; the basal
phalanx of the same digit bears the next two remiges, namely,
the 10th and ninth; the phalanx of digit IV bears the eighth
remex and the remaining seven are associated with the
carpometacarpus. We have not studied the embryology of
the development of the remiges; therefore, we cannot state
definitely that the extra primary develops at the proximal
end of the series, although this would seem to be the case.
Wray (1887a) studied the implantation of remiges on the
wing of the '^ Wild Duck.'^ Here also 11 primaries are present,
the 11th being very small and called a remide. In this bird
both the 11th and 10th primaries were implanted on the
second phalanx of digit III. Remiges 9 and 8 were implanted
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on the basal phalanx of the same digit, remex 7 on digit IV,
and the first six remiges on the distal end of the carpometacarpus. In the duck there is a rather wide space between
the first primary and the carpal joint. The first remex of
an 11-primary coturnix is similarly located.
This perhaps is only slight evidence that the first primary
in a coturnix with 11 remiges is not homologous with the
first primary in a coturnix with 10 remiges, but instead is
homologous with the second. Restated, the 11th feather of
ducks is carried at the distal end of the series and in the
Common Coturnix it seems to be proximal to the first.
Table 4 summarizes observations on the wings of five
adult males and five adult females of the Common Coturnix.
There proved to be no sex effect in this small population.
Consideration is therefore given not only to the fact that
the primaries might be either 10 or 11, but also that there
were effects on the feathering of the forearm associated with
the number of primaries on the hand. In specimen 2, there
were 11 primaries on the left wing and 10 on the right;
specimen 1 had 11 on both wings. When 11 are present
there are 10 upper major primary coverts, but with the
usual number of 10 primaries, the upper major primary
coverts are reduced to nine. On the under surface of the
hand, 11 primaries are associated with 11 under major
coverts and 10 primaries, with 10 coverts.
When 11 primaries are present there may be 17 secondaries, whereas with 10 primaries there are generally 16 secondaries. In the two 11-primary specimens, there were 17
upper major secondary coverts. In the 10-primary specimens,
there were 16 coverts with the 16 secondaries. Although
they varied between 13 and 14, the under major coverts
were not affected by either the number of primaries or the
number of secondaries.
Only two rows of coverts are present on the dorsal side, the
upper major and upper median primary coverts; the upper
minor coverts were entirely absent in the specimen from
which figure 84 was drawn, but in others there may be nearly
a complete row of eight or nine feathers. Only eight upper
median primary coverts are shown in figure 84. In another
specimen there were but two, located above remiges 3 and
4. The question is how they should be numbered. Since
each of them hes directly dorsal to the remex, it is assumed
that they would be numbered correspondingly, namely, the
median covert above the remex IV would also be 4. If,
however, there is vahdity to the pattern that the equivalent
members of rows arch distally from posterior to anterior, as
diagramed in figure 72 and as found in the turkey (fig. 77),
then an upper median covert lying upon the fourth remex
is not the fourth upper median primary covert but is upper
median covert 3. The labels applied to figure 84 agree with
the latter assumption, and the feathers can be joined by
lines on this basis. If each upper median covert were given
the same number as the underlying remex, then a line joining the folHcles would be strongly S-shaped, which could happen only if during development each succeeding row shifted
one way and then the other.

4.— Variation in number of primary remiges in the
Common Coturnix and its effects on feather number in other
parts of the wing

TABLE

Specimens
Pterylae

9
d^
1

Primaries
Upper major
primary
coverts
Under major
primary
coverts
Secondaries....
Upper major
secondary
coverts
Under major
secondary
coverts

2

&

9

9

&

9

cf

c^

9

11

11

10

10

10

10

10

10

10

10

10

10

10

9

9

9

9

9

9

9

9

9

11
17

11
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

10
16

17

17

16

16

16

16

16

16

16

16

16

14

14

14

14

14

14

14

14

13

13

13

1 Right wing.
2 Left wing.

An upper hand apterium is present beginning about half
way between the tip of the wing and the alula and continuing proximally to establish continuity with the upper alular
apterium. Dashed lines on figure 84 indicate an arbitrary
separation.
Two rows of upper marginal coverts lie along the free
edge of digit III and the metacarpus distal to the upper
hand apterium (fig. 84). Proximal to that point there is
but a single row between the apterium and leading edge.
On the alula and proximal to it, upper marginal coverts
consist of several rows that are continuous with those on
the prepatagium. These groups are arbitrarily separated by
a dashed line (fig. 84).
On the alula, there are three large remiges, I' to III', the
fourth is small, and there may be a still smaller fifth remex.
In some individuals another small feather hes between the
third remex and the free edge. These details, of course, vary.
It seems unreahstic to specifically designate upper alular
coverts; nevertheless, those adjacent to the remiges serve
that function.
There appear to be no upper distal primary downs. The
row that does exist is identified as upper proximal primary
downs because it Hes between the openings of major and
median folhcles. In the specimen illustrated (fig. 84), there
are six of these downs, 2 through 7. In other specimens,
they varied from a few to a nearly complete row.
Upper surface of the carpal region.—A well-developed carpal
remex stands well apart from the adjacent primary remex
1 (figs. 83 and 84). It is relatively smaller than the carpal
remex of the chicken and relatively larger than this remex
in the turkey. The upper major carpal covert of the chicken
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Upper marginal coverts of the alula1st upper median secondary covertUpper marginal coverts
of the prepatagium

^'' "PP^"^ "^^^«^ secondary covert^nd upper minor secondary covert - 1st row

Upper alular
apterium
'^^—Upper hand
apterium
Upper median
carpal covert

Upper cubital
apterium

2nd upper proximal
primary down

Upper major
carpal covert
I—Carpal remex

Posthumeral
tract
17 th upper major
secondary covert
17th upper median
secondary covert

FIGURE

1st upper proximal secondary down10
^""-^—9th upper distal secondary down
I—Uth upper proximal secondary down
i
-I4th upper minor secondary covert

^^'

1st upper distal
secondary down
Primary remiges I - IÏ
Secondary remiges 1 - 17
Alular remiges l'- IV'
Downs • • •

83.—Contour and down feathers on the dorsal surface of the forearm of the Common Coturnix.

Under marginal coverts
of the alula

Under marginal coverts of the

1st under minor primary
covert - 2nd row

12th under minor primary—,
covert - 1st row

i^—Under major
/.
carpal covert
—1st under minor secondary
vert - 2nd row
covert - 1st row
lOth under distal /^^-*--'
primary down-/ IX
Uth under major
primary covert—*

1st under median
secondary covert

Under median primary covert

1st under proximal
secondary down
Primary remiges I - XI
Secondary remiges i - 2
Alular remiges l'- II'
Dow^ns • • •

FIGURE

1st under distal primary down1st under minor primary covert - 1st row1st under major primary covert1st under major secondary covert1st under distal secondary down-

1 cm.
# Extra feathers, not counted in the
sequence of under median coverts

85.—Contour and down feathers on the ventral surface of the hand of the Common Coturnix. See figure 84 for names
associated with numbers.

and turkey projects proximally^ but in coturnix it points
distally and does not overlap the carpal remex. Anterior
to the carpal remex and its major covert and distal to the
first upper median secondary covert is the upper median
carpal covert (figs. 83 and 84). This feather holds the same

position in the Common Coturnix that it does in the chicken
(fig. 68). No other coverts or downs are associated with the
carpal region.
Upper surface of the forearm.—There are at least 12 large
secondary remiges^ and proximal to them are small feathers
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Upper marginal coverts of the aluia
Upper median carpal covert

/ I—Upper alular apterium
5
/|
Upper hand apterium
' \\\
.
3rd upper median primary covert
-Upper marginal coverts of the hand

2nd upper minor
secondary covert ^
- 1st row
..^ -^

-10th upper median
primary covert
10th upper major
primary covert

1st upper median
secondary covert

1st upper proximal
secondary down
1st upper major'
secondary covert
Carpal remex

7th upper proximal
primary down
-2nd upper proximal primary down

Primary remiges I - XI
Secondary remiges 1 - 2
Alular remiges I'- IV'
Downs •••

FIGURE

-1st upper major primary covert

|-

-Upper major carpal covert
-1st upper distal secondary down

84.—Contour and down feathers on the dorsal surface of the hand of the Common Coturnix.
Under marginal coverts of the alula
j— 1st under minor secondary
covert - 2nd row

Under prepatagial apterium
Under forearm tract

Digital claw
Under alular
apterium

l4th under minor
secondary covert
^^

1st under minor
primary covert
- 2nd row 1st under minor
primary covert
- 1st row
Under major
carpal covert
1st under distal
primary down
II
I
1st under major primary covert
1st under proximal secondary down
1st under median secondary covert
1st under distal secondary down

secondary covert
6th under median secondary covert 9th under distal secondary down ■
Extra feathers, not counted in the
sequence of under median coverts

FIGURE

l4th under major
secondary covert ■

Primary remiges I - II
Secondary remiges 1 - 17
Alular remiges I'- II'
Downs •••

86.—Contour and down feathers on the ventral surface of the forearm of the Common Coturnix,

at the margin of the elbow. If all these feathers are included^
the number of secondaries may be 16 or 17 (table 4). The
upper major secondary coverts extend from 1 to 17 in figure
83. The folhcles of the upper major secondary coverts at
the carpal end of the row have their openings at about the

midlength of the primary foUicle but at the proximal end of
the row the openings of folhcles for major covert and remex
are practically at the same level. At the carpal end of the
row the major coverts are directed distally, but proximally
beyond the ninth feather they closely parallel the remiges
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and tend to lie on the distal side rather than on the dorsal
surface.
The upper median secondary coverts form a distinct row
with follicles of intermediate size between major and minor
coverts. The row begins with 1 and continues to 17. Each
one lies about midway between adjacent upper major secondary coverts. All of the covert rows toward the carpal
end swing anteriorly and thus are far apart, in contrast to
the cubital end where all rows are crowded together.
The upper minor secondary coverts form an incomplete
row, which begins probably with the first feather (fig. 83)
and certainly with the second. It ends with about the 14th
at the upper cubital apterium. The upper minor secondary
coverts are similar to the upper marginal coverts of the
prepatagium.
The upper marginal coverts of the prepatagium are arranged with curved rows across the face of the wing (fig.
83). As the rows approach the leading edge they swing
proximally, and the feathers are oriented so that they point
distally. On the prepatagium are spaces where feathers
appear to be absent. The presence of these spaces were confirmed by the study of the feather musculature on the upper
surface of the wing of the chicken (fig. 262, p. 433).
Downs are less abundant on the wing of coturnix than
they are on the chicken. A partial row of upper distal secondary downs is present, ending with about the ninth, but
these downs are so small that some may easily be overlooked.
The upper proximal row begins at the carpal region, but
after including in the count some missing feathers, ends at
about the 11th.
Under surface of the hand.—Individuals with 11 remiges
also have 11 under major primary coverts, as shown in
table 4 and in figure 85; usually there are but 10 of each.
The under major covert folUcles are about half the length
of the remex follicles and he proximal to them. A row of
under median primary coverts is lacking, but as shown in
the illustration, one covert was present on the ventral side
of remex 8, near its basal end. Usually when one or two
under median primary coverts are present, they are located
near the carpus. The under median secondary coverts,
whenever present, are downy.
There is a single row of under minor primary coverts,
forming a complete row from first to 12th. They are more
closely placed than the remiges which may account for the
12th feather. Alternatively, this most distal feather may
properly be one of the under marginal coverts of the hand.
The second row of under minor primary coverts is often
represented by one or two feathers adjacent to the carpal
region (fig. 85).
An under hand apterium separates the under minor coverts
from the under marginal coverts of the hand. The latter
group is limited to two or three rows of feathers, the foUicles
of the row adjacent to the apterium point forward and downward so that the feathers cover the apterium. The shafts in
the remaining two rows point directly toward the tip of the
wing.

Only two of the four alular remiges are visible from the
ventral side ,of the hand. A few feathers are implanted on
digit II and the skin covering its extensor process. These
are continuous with the under marginal coverts of the
prepatagium and are arbitrarily separated by a dashed line
(fig. 85), A small under alular apterium is present.
Under surface of the carpal region.—A small under major
carpal covert is present and, as shown in figures 85 and 86,
there is another feather at about the same level marked by
an asterisk. The more proximal of the two may possibly
represent an additional under carpal covert, but a definite
identification is not possible at this time.
Under surface of the forearm,—The row of under major
secondary coverts begins at the carpal region and ends at
the 16th feather (fig. 86). The row of under median secondary coverts extends from about 1 through 6. These are exceedingly small plumulaceous feathers with small folhcles.
The asterisk marked above the second remex in figure 86
may represent an extra under median secondary covert.
This row of feathers is entirely covered by the under minor
secondary coverts-first row, which extends from 1 through
14. A second row of small under minor secondary coverts
ends at the 13th feather.
A narrow apterium extends most of the length of the under
side of the wing. It crosses the elbow region and ends at the
subhumeral tract. Distally it is called the under hand apterium, and proximally, the under forearm apterium. On
the forearm another shorter apterium parallels this one and
is the under prepatagial apterium (fig. 86). Between the
two apteria is a single row of feathers, the under forearm
tract, which, at both its ends, is continuous with feathers of
the under marginal coverts of the prepatagium. The under
marginals are a scattered group, small and downy, and only
the several rows along the free margin show distinct contour
structure and definite organization of contour feathers.
The under distal secondary downs are located on the web
of the postpatagium between the remiges (fig. 86) and extend from 1 through 9, They are exceedingly small. The
under proximal secondary downs are absent on the forearm
and also on the hand.
Femoral tract
The longest feathers of the femoral tract are on the infracaudal margin, and here the last two rows are close together.
The feathers become smaller toward the anterior and dorsal
margins of the tract. The transition to the crural apterium
is abrupt. The dorsal margin of the femoral tract is separated from the pelvic tract by a narrow lateral pelvic apterium (figs. 80 and 81).
Crural tract and apteria
The crural apterium separates the femoral and crural
tracts; the featherless space is especially wide in the popliteal region (fig. 80). The barbs of the feathers of the crural
tract are widely spaced, giving a shaggy effect to the plumage
covering the shank. The feathers of the crural tract are more
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87.—Positive radiograph of the manus of a Common Coturnix having 11 remiges. The first secondary appears to be
directed toward the ulnare.

widely spaced than on the femoral tract, but toward the
ankle region they are close together and small.
A definite intracrural apterium is present on the medial
surface of the crus of the Common Coturnix. At its upper
end it joins the crural apterium. The lower end of the apterium tapers to a point and thus ends at about the midlength of the crus.

White Pekin Duck
The pterylosis of anseriforms is often very difficult to
delineate because of the mingling of the down feathers with
contour feathers. The pterylosis of the Great Horned Owl
presents the same difficulty but to a much lesser degree.
Both contour and down feathers have follicles, and when
the study began, it seemed likely that there would be considerable confusion and difficulty in distinguishing these
two types. At first the several down feathers surrounding
each contour feather were plucked individually, leaving the
contour feathers. This was indeed time consuming. Data
collecting was speeded when we discovered later that the
size difference for the neck opening of the contour and down
follicles was sufficiently great that for most tracts there were
no difficulties in distinguishing follicles for each feather
type. Another useful technique was to shave the bird with
animal clippers and singe away the plumulaceous barbs.
This usually left bare the short shafts of the contour feathers
and removed fluffy distal ends of the downs. The singeing
left enough of the basal end of the downs to determine that
no rachis existed. Using this technique to supplement the

complete removal of the feathers with wax, we were able to
make drawings of the pterylosis (figs. 88 to 90), which we
feel are reasonably reliable. Supplementary information on
these patterns became available from a study of the feather
and apterial muscles.
One characteristic of feathering that could not be shown
in these figures is the difference in size of contour feathers.
This difference is associated with the identification of strong
and weak tracts. Feather size is mentioned in the text, but
it was found impractical to vary the size of dots on the
drawings ; it is for this reason that the dots for down feathers
are shown in red. We have not attempted to depict all the
down feathers, only those from sample areas, particularly to
show the placement of the down feathers around and between
the contour feathers and in the apteria.
The skin of the duck is far more extensively covered with
contour feathers than is that of any other kinds of domestic
birds studied thus far. Consequently, some apteria
are reduced in size or are absent. Wherever tracts are not
separated by apteria, the estimated boundaries are indicated on the drawings by dashed lines.
Humphrey and Butsch (1958) and Humphrey and Clark
(1961) used soft and hard X-rays on the skin with the calami
still retained by the follicles in order to study the pterylosis
of ducks. Our observations on the White Pekin Duck do
not completely agree with theirs on the wild Mallard and
the Labrador Duck. In view of the close affinity between
wild Mallard and White Pekin Duck, one might assume
that the differences in pterylosis would be minimal.
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Spinal tracts and apteria
There is complete continuity between the capital tracts
and the dorsal cervical tract (fig. 88). The transverse boundary line has been placed at the same location as the
region boundary, namely, between the base of the head and
the beginning of the neck. In this area the feathers are small
and the folUcles close together, as they are on the head.
Almost the entire surface of the neck bears contour feathers
except for small apteria along the middorsal and midventral
lines. The broad lateral cervical apterium, characteristic of
domestic galliform birds, is absent in the White Pekin Duck
except for a small terminal portion remaining on the dorsal
surface of the cervical patagium. Therefore, an arbitrarily
placed dashed line, as shown in figure 89, marks the boundary between dorsal and ventral cervical tracts. As in the
chicken, it is located so that it begins at the caudal tip of
the lower jaw and then moves into a position about midway
between the dorsal and ventral surfaces. At the caudal end
of the neck the fine shifts slightly onto the dorsal surface
of the cervical patagium and extends along the cervicoalar
groove.
The small lateral cervical apterium (fig. 88) is continuous
with the narrow, more caudally placed, scapular apterium.
The posterior boundary of the dorsal cervical tract and the
anterior boundary of the interscapular tract form a V-shaped
line, the apex of which lies anterior to the shoulder. From
the apex the lines slope laterally toward the shoulder margin.
This approximately duphcates the pattern of the feather
rows at the caudal end of the neck.
Near the base of the head the feather rows are arranged
transversely or curved shghtly forward, but caudal to this
the rows swing downward and backward from the midhne.
This situation is essentially similar to that in the turkey
and coturnix in that there is no natural boundary between
the dorsal cervical and interscapular tracts, at least on the
basis of a change in direction of rows as in the chicken.
Humphrey and Butsch (1958) and Humphrey and Clark
(1961) used the term ''spinal apterium'' for the featherless
space on the dorsal midline of the neck. We have used a
different name because we regard spinal tracts and spinal
apteria as being broadly inclusive terms applicable to the
entire dorsal surface from head to tail and as having several
subdivisions. We agree with Humphrey and Butsch (1958)
and Humphrey and Clark (1961) in designating the feathers
on the dorsal surface (one of the subdivisions) as the dorsal
cervical tract. For the same reason we choose to designate
the apterium on the dorsal surface of the neck, the dorsal
cervical apterium, and its continuation caudally, the interscapular apterium. In both the Mallard and the Labrador
Duck the authors mentioned above found that the apterium
extends caudally, separating entirely the right and left halves
of the interscapular tract. In the White Pekin Duck it
may separate only the front half of this tract. We also found
that the interscapular tract is about as broad as it is long,
instead of narrow as in the wild ducks referred to.

The anterior end of the interscapular tract begins at an
arbitrary chevron-shaped fine estabhshed as the posterior
boundary of the dorsal cervical tract. The interscapular
tract extends caudally to another arbitrary boundary,
placed at the anatomical junction of neck and thorax; this,
therefore, agrees with the region boundary in figure 36, page
54. As already stated, the interscapular tract is broad, and
its lateral margins are established by the right and left
scapular apteria. Again our terminology differs somewhat
from that used by Humphrey and Butsch (1958) and Humphrey and Clark (1961); we have called scapular apterium
what they named ''interscapular apterium.'' We have assigned
the term ''interscapular'' to the space along the middorsal
line where the two halves of the interscapular tract are
separated, as they are in the turkey and in the White Pekin
Duck. The scapular apterium is narrow in the domestic
duck, whereas it is wide in the chicken and turkey.
The dorsopelvic tract (fig. 88) is large. The dorsal or
thoracic part of this tract is about the same length and
width as the interscapular tract. It extends from the interscapular tract as far caudally as the anterior margin of the
ilium and thus has the same reference point as was used to
separate the prodorsum and postdorsum. The lateral margins
of the dorsal tract are established by the lateral body apteria.
A narrow lateral pelvic apterium separates the pelvic and
femoral tracts from the region of the hip joint forward.
Behind this point the separation between these two tracts
is an arbitrary one (figs. 88 and 89). The pelvic tract ends
caudally at a V-shaped arbitrary line marking the anterior
boundary of the tail region.
Humphrey and Clark (1961) showed in the Mallard a
narrow apterium in the midhne of the pelvic tract near the
anterior end that they labeled "spinal apterium." To this
apterium, present also in the White Pekin Duck, we have
applied the name "median pelvic apterium/'
Ventral tracts and apteria
The ventral cervical tract begins immediately caudal to
the membranous, soft, leathery tissues that join the two
rami of the lower jaw. The interramal tract is a small triangular area bounded by this membranous tissue and by an
arbitrary fine at the level of the rictus that separates the
interramal from the submalar tract (fig. 90). The feathers
in the interramal tract are small but increase in size caudally.
The submalar tract is arbitrarily separated from surrounding pterylae by dashed lines in figure 90. The lateral
boundaries coincide with the inferior margins of the lower
jaw; the posterior boundary joins the caudal tips of the jaw
and, hke the region boundary, hes at the junction of the
ventral head and neck. The entire ventral surface of the
neck is feathered except for a distinct ventral cervical apterium at the caudal end of the ventral tract. This apterium
maintains nearly the same width along the midventral fine
as far as the vent opening and is arbitrarily divided into
the ventral cervical apterium already mentioned, the sternal
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88.—Pterylosis of an adult White Pekin Duck—dorsal view. Down feathers in selected areas are represented by
red dots.
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apterium, and the median abdominal apterium. Humphrey
and Clark (1961) designated the full length of this featherless
space as the mid ventral apterium.
The posterior boundary of the ventral cervical tract is an
arbitrary one beginning at the anterior margin of the shoulder

and curving downward and backward toward the midline
following the margins of the clavicles. The boundary utilizes
the same landmarks in the duck as those applied to the
chicken and turkey, but because the shape of the clavicle
is not the same as that for the galliforms mentioned, the
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89.—Pterylosis of an adult White Pekin Duck—left lateral view. Down feathers in selected areas are represented
by red dots.
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contour of the boundary line around the thoracic inlet
appears somewhat different.
The placement of the arbitrary boundary line between
the dorsal and ventral cervical tracts (fig. 89) has already
been described.
The feathers on the proventer form a continuous group
covering all the breast and sternum. Because there is no
distinct separation between these tracts, the feathers on
each half of the breast have been called a pectorosternal
tract (fig. 90). However, when the feather muscles on the
inner surface of the skin are examined, one can identify as
separate entities, sternal, pectoral, and lateral body tracts.
The anterior boundary of the combined tracts begins at the
clavicle and extends to the caudal end of the proventer
region, namely, to the truncate end of the keel. Two reference points identify the lateral boundary. In the anterior
and middle thirds, it is the ventral edge of the lateral body
apterium, and in the caudal third, it is the groin groove
(figs. 89 and 90).
The halves of the pectorosternal tract are separated along
the keel ridge by the narrow sternal apterium. It extends
the full length of the tract, having throughout almost uniform width. The apterium is continuous with the ventral
cervical apterium at the anterior end and the median abdominal apterium at the caudal end. In the illustrations, the
separations between the parts of this continuous apterium
are established by arbitrary fines drawn transversely from
adjacent tract boundaries.
The abdominal tract fies caudal to the pectorosternal
tract, separated from the latter by an arbitrary boundary.
The abdominal tract surrounds the vent. The folficle pattern
of the abdomen continues onto the ventral surface of the
tail. Because a caudal indentation is absent, we established
an arbitrary boundary to separate abdomen from tail (figs.
88 to 90).
The abdominal and femoral tracts are separated in part
by the lateral abdominal apterium. In the duck, tracts are
large and apteria are smaU so that there is wide continuity
between tracts. No attempt has been made to circumscribe
a postlateral body area. The postlatus in ducks is relatively
large; nevertheless, since there are no known apteria in
other species of birds that tend to set apart a tract of feathers in this region, it seems to us best to extend the femoral
tract area somewhat farther caudally than it is extended
when apteria are present and to meet it by extending forward the boundary of the abdominal area (fig. 89).
The vent of the White Pekin Duck is not surrounded by
a cloacal circlet; the feathers on the lips of the vent are
downs. The rows adjacent to the vent diverge away from
the lip rather than pass around it. The relatively large lateral
abdominal apterium already mentioned is an irregularly
shaped space that extends to the medial surface of the crus
(fig. 89), and the latter continues as a narrow space to the
ventral limits of the crural tract as the intracrural apterium
(fig. 90).
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Caudal tracts and apteria
The boundaries that separate trunk and tail have already
been described and are illustrated in figures 88 through 90.
The dorsal caudal tract has continuity with the pelvic and
femoral tracts. A smafi dorsal caudal apterium lies in the
area of the uropygial eminence but does not extend forward
in the White Pekin Duck as described by Humphrey and
Clark (1961) for the Mallard. To such a pair of elongated
featherless spaces they gave the name ''postpelvic apteria''.
We have found this space to be very small, limited to the
area closely surrounding the oil gland papifia. This we have
designated dorsal caudal apterium. There is a possible explanation for the apparent large U-shaped space in the
Mallard; if it is like the White Pekin Duck, there exist in
this area small contour feathers with deficate rachises and
widely spaced barbs. It is possible that similar short, narrow
calami, if present in the Mallard, failed to produce an image
in the X-ray print as used by Humphrey and Clark with
sufficient clarity to demonstrate that contour feathers were
present.
Two rows of upper tail coverts are present, and fofiowing
the designations used in other kinds of birds used in this
study, they would be major and median rows.
The 10 pairs of rectrices arranged along the caudal margin
of the tail identify the boundary between the dorsal and
ventral caudal tracts. The central pair of rectrices lies at a
higher level than the ones lateral to them. Twenty rectrices
appear to be a maximum number reported for the Mafiard
as wefi as for the White Pekin Duck. Humphrey and Clark
(1961: 383) found this number in two adult Mallards and one
juvenile Mallard. The under major tail coverts are not
distinctly set apart from the feathers of the under caudal
tract (fig. 90), and there seems no value in designating a
median and a minor row.
Lateral body tract and apterium
The lateral body tract is smafi in the duck. It consists of
a few feathers arranged in a row across the lateral body
apterium from the shoulder end of the subhumeral tract to
the edge of the pectorosternal tract. In figure 89 only two
of these feathers are shown, but in some specimens four and
five were observed.
Brachial tracts and apteria
The humeral tract is broad and extends from the anterior
margin of the shoulder to the metapatagium. It is sfightly
wider at the middle than at either end. The rows are regularly arranged as shown in figure 88. The humeral tract is
separated from the interscapular tract by a narrow scapular
apterium. On the distal side the humeral apterium is narrow
also, except posteriorly where it widens and extends parafiel
to the posthumeral tract.
The posthumeral tract is a group of several feather rows,
visible in both dorsal and ventral views. The posthumerals
begin at the humeral tract and extend nearly to the elbow
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90.—Pterylosis of an adult White Pekin Duck—ventral view. Down feathers in selected areas are represented by
red dots.
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joint. Portions of this tract are shown in figures 91 and 94.
On the dorsal surface are three rows; the largest folhcles
and feathers, called quills, arise from the middle row. Near
the basal tips of the quill folhcles is a row of upper posthumeral coverts. The very small follicles between the quills,
shown in figure 91, represent a row of under posthumeral
coverts. The second row belonging to the same group hes
entirely in the ventral surface (fig. 94).
The subhumeral tract is visible only in ventral view. The
feathers of the posterior subhumeral row are large with
typical contour shapes, whereas in some kinds of birds
studied these feathers were small. In the duck also, the
subhumeral feathers are small anterior to the first row. Between the posthumeral and subhumeral tracts is the subhumeral apterium, and as shown in figure 89, there may be
continuity between the lateral body and under alar apteria.
Alar tracts and apteria
The down feathers of the duck are so numerous that
samples of their distribution are shown in red (figs. 88 to 90)
to reduce confusion with the contour feathers.
Upper surface of the hand.—The wing of the duck is long
and narrow; its shape has had some effect on the pterylosis,
particularly of the hand. The duck has 10 well-developed
primary remiges; at the tip of the hand is a very small Uth,
called the remide (figs. 92 and 93). The first upper major
primary covert lies in the space between the first and second
primary remiges. These feathers continue in unbroken
sequence to the Uth upper major primary covert, which
hes close to the anterior margin of the hand but is sufficiently
distinctive to be separated from the adjacent marginal
coverts. The upper major covert of the remide is smaller
than the others in the series.
The upper median primary coverts are small feathers
implanted near the bases of the remiges. The series begins
with the third and ends with the 11th. Above these are two
rows of minor coverts, the first row extends from fourth to
Uth, and the second row from third to Uth. The spacing
of these feathers is not uniform, and the Uth feather of the
first row and the last five feathers of the second row might
be considered as belonging to the marginal coverts. The
number of minor coverts varies considerably.
The upper marginal coverts of the hand are restricted to
a single row along the leading edge of the phalanges for the
third digit. A large upper alular apterium overlies the carpometacarpus. Four alular remiges are present. About 9 or
10 feathers constitute the upper marginal coverts of digit IL
Upper surface of the carpal region.—The carpal remex
and its upper major covert lie close together, the latter is the
longer of the two. Anterior to this is an upper median carpal
covert; it hes in the same row as the upper median coverts of
the forearm but is definitely distal to the beginning of the row.
Upper surface of the forearm.—The typical number of
secondaries is 18 if a ''missing" fifth is included in the count.
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The duck has a diastataxic wing that contains a definite
space or diastema between the fourth and sixth remiges
(fig. 91). Goodchild (1891) regarded the fifth as missing and
numbered the remiges on each side of the diastema as 4
and 6. Following the 18th is a small feather that might
represent a 19th remex. It is separated from the posthumeral
tract and is overlaid by feathers representing each of the
covert rows.
The upper major and median coverts are represented by
complete rows, 1 to 18, but the sixth upper minor covert is
missing in the row of 1 to 18. The first four upper median
secondary coverts are supposed to belong to an intercalary
row, on the assumption that the first four remiges belong
embryologically to a different row than the remaining remiges, beginning with the sixth. The evidence for this is
brought out by Goodchild (1891), Wray (1887), Steiner
(1917 and 1956), Humphrey and Clark (1964), and others
and is based largely on the study of the plumage and not
on the discontinuities of foUicle groups. The folhcles of the
coverts on both sides of the diastema show such complete
continuity that it becomes impossible to identify an intercalary row. The only atypical feature is the large size of
the upper median fifth covert and the missing sixth upper
minor secondary covert-first row. This could be a compensatory development to fih and close the gap left by the ''absence" of the fifth remex.
Only a single row of upper minor secondary coverts is
clearly identifiable; beyond that, the feathers are part of
the upper marginal coverts of the prepatagium. Within this
group there is a shift in direction of rows so that they no
longer run parallel to those of the first row of minor coverts.
Under surface of the hand.—The under major primary
coverts are much smaller than the corresponding coverts
on the upper side, but there is a complete row of U (fig. 93),
The row of under median primary coverts begins with the
first. The specimen illustrated ended with the eighth. There is
only a single row of under minor primary coverts, beginning
with the first and continuing unbroken to the sixth. Then
follows a gap and the row begins with the ninth feather and
continues to the Uth. Here, again, specimens vary widely.
The under hand apterium separates the coverts of the
remiges from the marginal coverts. On the under side of
digit II, groups of marginal feathers are separated by small
under alular apteria. One of these has continuity with the
under forearm apterium.
Under surface of the carpal region.—No under carpal
coverts are present. The feather we labeled the first under
median primary covert (fig. 93) hes in the position one
would anticipate for the under carpal covert, but there may
be a question whether it is correctly identified. An unlabeled
folhcle lies just to the left of the dashed line, anterior to the
carpal region. This may possibly be an under minor carpal
covert.
Under surface of the forearm.—The rows of under coverts
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91.—Contour feathers on the dorsal surface of the forearm of the White Pekin Duck. Down feathers in selected areas
are represented by red dots.
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93.—Contour feathers on the ventral surface of the hand of the White Pekin Duck, Down feathers in selected areas
are represented by red dots.
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92.- -Contour feathers on the dorsal surface of the hand of the White Pekin Duck. Down feathers in selected areas
are represented by red dots.
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94.—Contour feathers on the ventral surface of the forearm of the White Pekin Duck. Down feathers in selected areas
are represented by red dots.
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when looked at longitudinal^ have a regular arrangement^
but the alinement of rows at right angles to these produces
man}^ irregularities. This is evident in what has been labeled
the first feather in each successive longitudinal row, and
their positions obviously do not closely follow the schematic
pattern shown in figure 72, The majors, medians, and first
row of minors are complete, but the feathers of the second
minor row are irregular. An extra feather, marked by an
asterisk, was not included in the count. Variabihty of feather
number is to be expected in this row.
The under forearm apterium is long and narrow; it is
continuous distaily with an under alular apterium and
proximally with the under cubital apterium. An under
forearm tract may be present or absent; in the duck, it is
well defined by the under forearm and under prepatagial
apteria. Anterior to the latter apterium is a rather broad,
well-defined band of under marginal coverts of the prepatagium, close to and parallel with the leading edge of the
wing.
Downs.—Samples of the distribution of down feathers are
shown by red dots on figures 88 to 94. They do not have
the specific relationship to the contour feathers, particularly
remiges, found in the chicken and turkey. Instead, they are
closely placed and are distributed the full width of the wing
from margin to margin as well as the entire length of the
wing on both surfaces.
Posterior appendage tracts and apteria
The femoral tract is more extensive in the duck than in
any other species of bird we have examined thus far (fig.
89). It has a natural boundary at the anterior end of the
tract and at the infracaudal margin. Throughout most of
the broad lateral surface of the tract the rows crisscross at
about 90° to forna numerous squares," a pattern characteristic
of the femoral tract in other kinds of birds studied.
In species where the femoral tract has been entirely circumscribed by apteria, the rows are crowded together along
the infracaudal margin. This is indicated in the duck by a
decreased spacing between rows adjacent to the dorsal
margin of the lateral abdominal apterium (fig. 89). The
concentration of rows in this part of the femoral tract produces an irregularity in the pattern of the rows.
The crural tract is a continuation of the femoral tract. In
figure 89, an arbitrar}^ fine of separation has been placed at
the knee joint. The line does not completely encircle the
knee because it is interrupted on the medial surface bj^ a
large fold of skin stretched between leg and body. The crural
tract covers the posterior, lateral, and medial surfaces of
the shank and ends distaily at the upper edge of the ankle
region. On the medial surface of the ankle region is a small
apterium, narrow at the distal end and wider at the proximal
end. There is a question whether the apterium on the medial
surface of the crus should be labeled crural or intracrural
apterium. We reject the former name because the space
does not effectively separate femoral and crural tracts. We
prefer the latter name because the apterium extends length-

wise in the crural tract as it does in the other domestic

birds.
Common Pigeon
A study of pterylosis in the pigeon provides a comparison
of a columbiform with a galiiform and an anseriform, Nitzsch
(1867) and others who succeeded Nitzsch have sought to
utihze pterylosis patterns as a means of establishing phylogenetic relations. Heimerdinger (1964) demonstrated the
value of pterylosis data for a study of taxonomic relationships within an order, the passerines. In pterylography the
technical difficulties are great, and the variation in description for the same species by different investigators sometimes makes comparative studies unsatisfactory. This is not
a reflection on the accuracy of observations by these investigators, but rather an indication of the problem. We have
observed that we needed 6 to 12 live specimens to work out
the details of pterylosis for any one species. The various
ways these are to be used are given in chapter 10 (p. 638).
Our comparative study is based on three orders with three
kinds of galiiforms, one anseriform, and one columbiform.
The turkey and chicken are closely similar but the Common
Coturnix is slightly different in some details. The White
Pekin Duck and Common Pigeon are both considerably
different from the galhforms and show numerous points in
common with each other. Among these are the absence of a
lateral cervical apterium, an expansion of pectoral and
sternal tracts to form one continuous tract on the breast,
a poor separation of the femoral tract from pelvic, crural,
and abdominal tracts, and a reduction in apteria generally.
The few kinds of birds used here were inadequate for
determining taxonomic relationships among groups, yet we
hope that the conspicuous differences we observed among a
few kinds of birds will stimulate others to apply the tool of
pterjdosis to other groups of birds. Heimerdinger (1964) has
shown the value of assembling data in depth. We suggest
that even more detail be included in compiling comparative
data. Until this has been done, information from pterylosis
studies will continue to be regarded of limited value when
applied to the study of phylogenetic relationships.
Spinal tracts and apteria
The series of spinal tracts extends from the base of the
head to the tail. It forms a continuous covering of feathers
except for a narrow band along the midline of spinal apteria;
all transverse boundaries between subdivisions of the spinal
tracts and apteria, therefore, are arbitrary. In figure 95 a
dashed line separates capital and dorsal cervical tracts, and
a similar fine separates the dorsal cervical and interscapular
tracts; the latter boundary is placed at the shoulder level.
The interscapular tract widens caudally; its two rami diverge
on each side of the interscapular apteriimi (fig. 95). The
caudal points of the two rami lie at the level of the metapatagial margin. The follicles within the interscapular tract
are more closely placed than those in the adjoining dorsal
tract, but the interscapular tract is most easily identified by
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95.—Pterylosis of the Common Pigeon—dorsal view.

the underlying V-shaped pad of fat. The spinal apteria are
narrow. The anterior part begins in the interscapular region
and extends through dorsal, pelvic, and caudal regions.
Lateral to the interscapular tract is the scapular apterium,
a broad featherless space that follows the course of the
cervicoalar groove. The scapular apterium lies above the
anterior end of the scapula. It is considerably longer than
it is broad, and its anterior tip extends into the neck region,
thus separating for a short distance the dorsal and ventral
cervical tracts.
The dorsopelvic tract covers the full width of the back in
the dorsal region and narrows in the pelvic region. We place
the dividing line between the dorsal and pelvic parts at the
anterior end of the ilium. The lateral boundaries of the
dorsal tract are the elongated powder down feathers placed

in the lateral body and lateral pelvic apteria.^ A narrow
median pelvic apterium extends the full length of the pelvic
tract and continues on to the tail where it becomes the dorsal
caudal apterium. A lateral pelvic apterium separates the
pelvic and femoral tracts and bears the powder downs
already mentioned.
The arbitrary anterior boundary line for the pelvic portion
of the dorsopelvic tract has already been identified as the
cephalic tip of the ilium; the caudal boundary has been
^ The term "costo-thoracic powder down patches" was given by
Murie (1872) (ch. 2, table 5) to powder down feathers in this area, but
Murie's terminology was applied to birds in which the powder downs
were concentrated into patches and not widely distributed along
apteria, as in the pigeon.
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placed at the anatomic boundary between the pelvis and
tail. The lateral boundary is the lateral pelvic apterium
which in the pigeon contains powder down feathers. The
pelvic tract is broader than in other domestic birds examined. Perhaps this is related to the more-than-average breadth
of the girdle, the broad tail, and the absence of a distinct
caudal indentation.
Ventral tracts and apteria
The ventral tracts extend from gonys to tail. The ventral
cervical portion of the tracts includes the interramal and
submalar tracts. The boundaries of these two small tracts
coincide with boundaries for regions having the same names
and are not repeated here (fig. 97). The interramal apterium
coincides with the ventral edge of each jaw ramus and
extends longitudinally from the pigmented keratin of the
beak to the beginning of the submalar tract.
The remainder of the ventral cervical tract begins at a
line connecting the caudal ends of the mandibles. At the
side of the neck there is complete continuity between the
dorsal and ventral cervical tracts so that the line we have
drawn (fig. 96) to separate them is arbitrary. Placement of
the dashed line on each side of the neck follows the same
reference points we have already described for the White
Pekin Duck.
Along the ventral midline of the neck, beginning a short
distance behind the submalar region, is a narrow, ventral
cervical apterium that extends caudally across the thoracic
inlet and continues on as the sternal apterium.
The pigeon, Mke the duck, has the breast entirely covered
with feathers, thereby merging the feathers of the pectoral
and sternal tracts into a combined tract, the pectorosternal.
In figure 97, we have arbitrarily separated the ventral
cervical and pectorosternal tracts by a dashed line that
follows the margin of the thoracic inlet. A sternal apterium
extends the full length of the tract and is broader in its
cephalic two-thirds than in its caudal third; it is continuous
posteriorly with the median abdominal apterium.
Although the feather rows suggest no natural separation
between pectoral and sternal tracts, the location of the
pectoral tract is indicated by a thick pad of fat. This pad
underlies the skin from the thoracic inlet to the knee in
approximately the same location that a similar fat pad
exists in those birds having a pectoral tract that is well
separated from the sternal tract by an apterium. Liebelt
and Eastliek (1954) identified this as the lateral thoracic fat
organ. Smaller quantities of fat are associated with the
follicles on each side of these fat organs.
The breast of the pigeon is broad, and modifies the shape
of the lateral border of the pectorosternal tract. The tract
covers not only the breast but much of the side of the body
(fig. 96). The dorsal margin of the tract curves abruptly
downward toward the knee. Between the wing and knee,
the dorsal margin lies adjacent to the powder down feathers.
The caudal boundary of the pectorosternal tract is shown

on figure 97 as a dashed line that follows the caudal contour
of the sternum.
The abdominal tract extends from the caudal edge of the
sternum, sufficiently far posteriorly to include the vent. Both
laterally and caudally these boundaries are marked by a
narrow continuous apterium; the longitudinal limb of the
apterium lies in the groin groove, and the transverse part
overlies the curved ends of the pubic bones. Each longitudinal portion is clearly the lateral abdominal apterium,
and, since it is continuous with the transverse part, the
transverse part has been named the lateral abdominal
apterium (fig. 97). The vent lies in the midhne between the
right and left transverse limbs of these apteria. The longitudinal portion has continuity with an intracrural apterium.
Lateral body tracts and apteria
Our pterylosis studies failed to reveal a separate lateral
body tract, yet such a tract does exist. It consists of the
lateral part of the pectorosternal tract. This was discovered
when the feather musculature was studied (ch. 8, p. 459).
Powder down patches
The feathers of the costo-thoracic powder down patches
are indicated in figures 95 and 96 in the lateral body and
lateral pelvic apteria by dots. These powder down feathers
occupy much of the lateral body apterium and thereby
reduce the featherless area of the lateral body apterium to a
small size. Murie (1872), in a table, refers the costo-thoracic
patches to the lateral trunk tract, which we assume to be
equivalent to that which we have designated as the lateral
body tract. Murie listed no ^'portions" as he had done for
many of the other patches. Some subdivisions of this kind
would have been useful for the pigeon since the costothoracic patches are so extensive. They begin in the axillary
region, reach to the vent, and, near its middle, dip ventrally
along the front margin of the thigh.
If the powder downs are plucked, the empty follicles often
are distinguishable from the follicles of contour feathers; the
most distinguishing characteristic between the follicles of
the two feather types is the shallow, cone-shaped folHcle
bounded by an elevated margin of white cornified epithelium
■ of the powder down feather, while the follicles of contour
feathers tend to collapse when empty, so that the opening
becomes indistinct. Although a cornified rim may locate
the opening, the opening is not as distinct as it is in the
powder down follicles. The distribution of the powder downs
is most clearly delineated when the surrounding contour
feathers have been carefully removed. (For details of distribution, see the Archangel Pigeon, fig. 226, p. 336.)
A narrow band of powder feathers, one to two follicles
wide, extends from the posterior axillary fossa, along the
margin of the pectorosternal tract to the abdomen and
lateral tail. A ventrally directed side branch follows the
anterior margin of the thigh. The powder follicles are located
in the lateral pelvic apterium. Powder feathers are also

151

PTERYLOSIS EXCLUDING THE HEAD
Under hand apterium
Alular apterium
Under primary coverts

Under marginal covert;
of the hand

Capital tracts

■ Dorsal cervical tract
/f

Interramal tract —

I'
^

•f Under marginal covert
ot the prepatagiu"

Under secondary coverts

Submalar tract
Ventral cervical tract ■

Under forearm apterium
*^»*

Under cubital apterium

Subhumeral tract
Subhumeral apterium
Lateral body apterium
Powder down feathers
Dorsopelvic tract
Pectorosternal tract

Lateral pelvic apterium
Femoral tract
Dorsal caudal tract

Sternal apterium

Dorsal caudal apterium
Crural apterium

Crural tract
Intracrural apterium

Upper major tail coverts
Lateral caudal apterium
Ventral caudal tract
t

Abdominal tract
Transverse portion
'\ Uateral
,
. abdominal
■ j
■ ■ apteriu
•^
Longitudinal portion J
Metatarsal tract
Posterior metatarsal apterium

Primary remigcs I - X
Secondary remiges 1 - 15
Alular remiges I - II
Rectrices l' - 6'

FIGURE

96.—Pterylosis of the Common Pigeon—left lateral view.

located along the sides of the body, between the thigh and
tail, and in the groin region. Those parts of the lateral body
apterium devoid of feathers are limited to anterior and
posterior axillary fossae.
Caudal tracts and apteria
The caudal tracts of the pigeon are closely similar to those
described for the other domestic species. The dorsal caudal

tract covers the entire surface of the tail except for a small
bare area around the uropygial papilla and adjacent uropygial eminence and a narrow bare area continuous with the
median pelvic apterium. These featherless areas on the dorsal
tail, as a group, are designated the dorsal caudal apterium
(fig. 95).
There are six rectrices on each side, the first rectrix of
each row is elevated to a higher level than the others of the
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97.—Pterylosis of the Common Pigeon—ventral view.

row. The tip of the pygostyle separates the rectrices of the
first pair (fig. 95). Six upper major tail coverts form a row
above the rectrices but lie so close together that the first is
located between rectrices 1 and 2 and the last, between
rectrices 5 and 6. The rows anterior to the row of majors
merge into the nonspecific pattern of upper tail coverts.
The under surface of the tail is a broad triangular space
without apteria (fig. 97). A row of six under major tail
coverts parallels the rectrices on each side. A small lateral
caudal apterium overlies the follicle of the sixth rectrix (figs.
95 and 96).
Brachial tracts and apteria
The humeral tract of a plucked bird is readily identified
by the underlying broad band of fat. The tract is one or two

rows wider at the forward margin than it is in the caudal
half of the band (fig. 95). Some follicles close to the humeral
tract produce powder down feathers. They lie within the
scapular apterium.
A narrow featherless space lies just anterior to the himieral
tract and separates it in part from the caudal end of the
ventral cervical tract that lies on the dorsal surface of the
cervical patagium (fig. 95). This featherless space extends
laterally outward from the middle of the lateral edge of the
scapular apterium and therefore is considered to be part
of the scapular apterium (fig. 95).
Due to the presence of two additional rows on the proximal
side of the anterior half of the humeral tract, the boundary
on the proximal edge is not straight, as it is on the distal
side of the margin. At the anterior end of the lateral border,
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the humeral tract merges with the upper marginal coverts
of the prepatagium. The caudal part of the humeral tract
extends to the free edge of the metapatagium, and occupies
the distal half of this fold of skin; the proximal half carries
the scapular apterium (fig. 95). The humeral apterium is a
triangular space between the humeral tract, posthumeral
tract, and upper marginal coverts of the prepatagium. The
upper cubital apterium is a small area on the dorsal side
of the elbow.
The posthumeral tract hes on the dorsal and posterior
surfaces of the caudal edge of the upper arm and is composed of three rows of foUicles paralleling this margin (figs.
95 and 96). The ends of the rows adjacent to the last secondaries are indefinite, but the ends adjacent to the humeral
tract are clearly distinguishable.
The subhumeral tract, on the ventral side of the upper
arm, extends from the elbow region to the boundary between
breast and wing. The proximal end of the subhumeral tract
is continuous with that part of the pectorosternal tract
equivalent to the lateral body tract (fig. 96). The posterior
row has large folHcles. The next row anterior has folUcles of
intermediate size, and the one beyond that has small folhcles.
The narrow subhumeral apterium lies between the subhumeral and posthumeral tracts. It is continuous proximally
with the lateral body apterium, and distally with the under
cubital apterium.
Alar tracts and apteria
Upper surface of the hand.—The postpatagium of the hand
supports 10 primaries, all well developed (figs. 99 and 100).
The 10th lies parallel to the phalanges of digit III, the ninth
and eighth approach the basal phalanx of digit III; the
seventh parallels the phalanx of digit IV; and the sixth to
the first cross the metacarpus of digit IV to approach the
corresponding bone of digit III. When the wing is extended,
the intersecting axes of the first and 10th primaries make an
angle of about 45°.
The upper major primary coverts have long follicles that
lie in the grooves made by the closely placed folHcles of the
primaries and are about four-fifths as long. There are 10
upper major primary coverts, each distal to the remex of
the same number. The last one of the series lies parallel to
the leading edge of the middle finger. The complete set of
upper major coverts in the pigeon, like that in the turkey,
gives supporting evidence that the large feather proximal
to primary I is the carpal remex rather than a first upper
major primary covert.
The only other coverts on the dorsal surface of the hand,
except marginals, are those forming an incomplete row of
upper median primary coverts. In the specimen illustrated
(fig. 99), this row is composed of foUicles 4 to 10 of the series.
In other specimens, a feather was in position 3; this agrees
with Steiner's (1917: 341) diagram for Columba.
A row of upper marginal coverts of the hand is implanted
along the leading edge of the wing. Between these follicles
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and the bases of those belonging to the primaries and major
coverts, is a narrow under hand apterium.
At the base of the hand is the alula bearing four remiges,
I' to IV'; this number agrees with Steiner's (1917) observation
that four is the usual number. The four small feathers, each
located at the base of an alular remex, are identified as upper
alular coverts, presumably the major row. These are covered
in turn by the upper marginal coverts of the hand from
which the alular coverts are distinguished by their larger
size. On the web between digits II and III is the upper
alular apterium.
Upper surface of the carpal region.—A distinct carpal
remex is present, parallel to primary remex I, but about
half as long (figs. 98 and 99). Its size and appearance are
closely similar to those of an upper major primary covert.
Slightly anterior to the carpal remex is its upper major
covert. In the four kinds of domestic birds studied, this
covert characteristically crosses dorsally over the remex
and points toward the tip of the wing; the turkey presents a
different case. Near the base of the upper major carpal
covert is a smaller follicle that is similar in size to those of
the upper median secondary coverts and clearly Hes at the
end of the median row of the forearm. It is therefore identified as an upper median carpal covert. Anterior to this is
still another feather, located at the end of the row of upper
minor secondary coverts, that we designate as the upper
minor carpal covert-first row. The placement of upper major,
median, and minor coverts is identical with that present in
the chicken (compare figs. 68 and 98). This agrees with
Steiner's (1917: 341) naming of feathers in the carpal region,
but he went beyond the minor carpal covert-first row—to
identify and measure upper minor carpal coverts-second and
third rows. He did the same for the upper minor secondary
coverts, but it is our opinion that these second and third
rows should be included with the upper marginal coverts on
the basis of folhcle placement. A further discussion of this
subject is given in chapter 8, page 444.
Upper surface of the forearm.—The forearm bears a total
of 15 or 16 secondary remiges, if included in the count is
the one missing at the gap (diastema) between secondaries
4 and 6 and shown in figure 98 as 5. Following the 15th
feather, the folhcles become smaller and merge with those
of the posthumeral tract. Since the upper major, median,
and minor rows each have 16 feathers, however, we assume
that theoretically, at least, there should be a 16th secondary
remex.
The upper major secondary coverts have foUicles about
one-half to two-thirds as long as those of the remiges with
which they are associated. Each one has its base on the'
proximal side of its associated remex and then crosses dorsally
over the remex so that aU of the major coverts point in a
distal direction. The upper major secondary covert for the
missing fifth remex is as large as those proximal and distal
to it. There are 16 upper major secondary coverts, the last
one of the series lying dorsal to the foUicle of the 15th secondary remex.

154

CHAPTER 3—PTERYLOSIS AND PTILOSIS OF DOMESTIC BIRDS

Usually, there are 16 upper median secondary coverts,
but this number can vary. Steiner (1917), for species of birds
with a diastataxic type of wing, showed an intercalated row
between major and median coverts involving five feathers

at the beginning of a row. As he diagramed the shift, all of
the rows proximal to the fifth feather in each row have
moved posteriorly the width of one row—even to the extent
of passing around the trailing edge of the wing and becom-
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98.—Contour and down feathers on the dorsal surface of the forearm of the Common Pigeon.
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100.—Contour feathers on the ventral surface of the hand of the Common Pigeon.
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Steiner and others who have worked on this interesting
problem; rather it indicates that in the anatomy of foUicle
placement of the adult bird, we have not been able to identify an intercalated row.
The first row of upper minor secondary coverts has 15
follicles. In the specimen illustrated (fig. 98), a sixth minor
covert was absent. The arrangement of upper coverts in
the pigeon clearly bears out the scheme presented in figure

ing part of the under coverts. Numerous investigators
before and after Steiner supported the idea of positional
shift of parts of rows, although the direction of the shift
may differ according to the investigators' studies. As far as
the arrangement of feathers within a row is concerned,
there is nothing in the pterylosis of the adult pigeon wing
to directly indicate a shift in rows or the existence of an
"intercalated" row. This is not intended as refutation of
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99.—Contour and down feathers on the dorsal surface of the hand of the Common Pigeon.
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5th under median secondary covert

FIGURE

Primary remiges I - II
Secondary remiges 1 - 15
Alular remiges I - II

101.-Contour feathers on the ventral surface of the forearm of the Common Pigeon.
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72, where the perpendicular rows of feathers incUne in a
distal direction. Most authors identify a second row of
upper minor secondary coverts and some a third, but on the
basis of material that we have studied, this appears to be
an unrealistic handling of the arrangement of the follicles.
We recognized, however, that classification of rows based on
plumage can give results at variance with a study based on
the arrangement of follicles.
The upper cubital apterium interrupts some of the marginal covert rows. The apterium overlies the elbow.
The pigeon has very few down feathers on the wing. Only
two were found on the specimen used for figures 98 and 99;
one was near alular remex IV' and the other at the caudal
end of the upper hand apterium.
Under surface of the hand.—The necks of the 10 remex
follicles are joined together by ligamentous bands placed
close to the free edge of the postpatagium (fig. 100). These
have not been studied enough in the pigeon to determine if
smooth muscles are included. There are 10 under major
primary coverts, each one lying on the proximal side of the
follicle with which it is associated. All except the first are
broadly attached to the remex follicle wall, and all except
the first have a narrow connecting band that joins the
follicle of the under major primary covert to the remex
follicle proximal to it. Thus, the under major follicle is
firmly connected to the follicles proximal and distal to it.
Each covert folhcle agrees in number with the remex just
distal to it.
The pigeon carries but a single row of under minor primary
coverts except for two or three feathers at the carpal end of
the row, suggestive of a second row (fig. 100). Each under
minor primary covert of the first row, like the under major
coverts, lies on the proximal side of each remex having the
same number. A complete set from 1 to 10 is present. There
may be some question whether the first feather in the first
row of minor coverts belongs to the hand or to the wrist,
and the same is true of the first feather of the two or three
feathers belonging to the second row.
A distinct under hand apterium is present that is continuous with the under forearm apterium; the arbitrary
separation is indicated by dashed lines (figs. 100 and 101).
Anterior to the under hand apterium are two rows of under
marginal coverts of the hand. The row adjacent to the
apterium carries fewer feathers than the one along the
leading edge. One short row of about four follicles is implanted on the ventral surface of the first alular remex. On
the ventral (fig. 100), as well as on the dorsal surface (fig.
99) of the alular patagium, small upper and under alular
apteria are present.
Under surface of the carpal region.—There is only one
unequivocal under carpal covert* it is labeled as belonging
to the major row, but in size and placement it is similar to
the under median secondary coverts (figs. 100 and 101).
Under surface of the forearm,—The complement of under
coverts is more complete on the forearm than on the hand.
The spacing of feathers is about the same, but the forearm
is larger and therefore can accommodate more feathers. The

15 secondary remiges (counting the missing fifth) are linked
together by ligamentous bands, but these bands are not as
well developed as they are on the hand. They do not produce abrupt elevations of the skin of the postpatagium. (See
Pelissier, 1923, for details of these ligaments.)
Each of the 15 under major secondary coverts lies on the
proximal side of the corresponding remex (fig. 101). In most
of the row the folHcles lie parallel to the remex follicles. At
the proximal end, covert and remex follicles are somewhat
divergent. The fifth under major secondary covert (the
remex of which is absent or displaced) is smaller than those
on each side of it.
The under major and minor coverts of the hand form
anteroposterior rows across the wing that are inclined proximally away from the remex. This agrees with the diagram
(fig. 72), but in the forearm a line that connects the major
to the minor under coverts is inclined distally. The under
median secondary coverts are placed distal to each under
major secondary covert. The feather shafts of the under
median secondary coverts are directed proximally and
posteriorly at about a 45° angle. The row includes 14 feathers in the series; the 15th is absent in the specimen from
which the illustration was made (fig. 101), but not enough
specimens were examined to discover if it was present in
some individuals. The fifth under median secondary covert
is present and has a typical positional relationship with the
fifth under major covert.
The under minor secondary coverts are represented by
two rows; the first of these rows lies close to the bases of
the under median secondary coverts and includes feathers 1
to 13, the last two in the series are absent. We assume that
the first feather of the second row is represented by the
folhcle immediately anterior to the first feather of the first
row. There are 14 in the specimen represented in figure 101,
but the number varies among specimens. In this row the
spacing between follicles is very irregular. As a result, some
are close together and well alined with the corresponding
follicles of the other posteriorly positioned members of the
rows, and some are far apart and poorly alined.
The under forearm apterium is broad and has continuity
distally with the under hand apterium and proximally with
the under cubital apterium. Between the under forearm
apterium and the under prepatagial apterium is a single
row of feathers representing the under forearm tract. At
each end, the row joins the under marginal coverts; we have
made no attempt by the use of dashed lines to indicate a
separation of these feather groups.
Anterior to the under prepatagial apterium are three or
four rows of under marginal coverts of the prepatagium;
some folhcles are directed distally and some obhquely.
Posterior appendage tracts and apteria
The femoral tract has follicles widely but regularly spaced.
Both its anterior margin and its dorsal margin are bounded
by powder feathers. The posterior margin of the femoral
tract is established by the longitudinal portion of the lateral
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abdominal apterium (fig. 96). The crural apterium places
the ventral boundary at the knee region. The apterium does
not cross the entire surface of the knee; thus, in this area, an
arbitrary dashed line is placed at about the level of the
knee joint. The follicles in the infracaudal rows are placed
closer together than in other parts of the tract. Beebe (1915)
designated these as the pelvic flight feathers, pelvic wing
tract, and pelvic alar tract in studies primarily of a pigeon
and a dove but also of American Jaçana {Jácana spinosa)
and the Great Horned Owl. In a study of the pterylosis of
the Passenger Pigeon (Ectopistes migratorius), Clark (1918b)
found 19 quills of the ^'pelvic wing'' and 18 in the Whitewinged Dove {Zenaida asiática — Melopelia asiática). He
noted 12 quills arranged transversely across the proximal
crus. On the femur, he identified three coverts as part of the
group located above the knee.
The crural apterium on the medial surface of the knee is
continuous with the transverse and longitudinal portions of
the lateral abdominal apterium and with the intracrural
apterium. In figure 97 these apteria could be separated by

157

dashed lines, but this would make the general relationships
hard to follow in the drawing. The individual apteria are
clearly identifiable in an actual spechnen.
The crural tract begins at the knee and extends to the
hock Joint and beyond. The intracrural apterium lies on the
medial surface of the lower leg (shank) but extends only
about two-thirds of the distance toward the ankle. In the
ankle region there is a small bare area on the anterior surface, but it is too small to be named. Likewise, there is a
bare area on the posterior surface of the ankle.
The crural tract extends distally on the lateral and medial
surfaces of the proximal third of the metatarsus leaving
between these extensions of feathers onto the metatarsus
the scales of the anterior and posterior surfaces of the metatarsus. Scaly skin is not generally called apteria, but in the
pigeon where they are surrounded on three sides by feathers, they may be called, anterior and posterior metatarsal
apteria. In the Common Pigeon, a few feathers may be found
on the medial side of the metatarsus as far distally as the
tarsometatarsophalangeal joints.

PTILOSIS
Feather Coat Excluding Head
We have already emphasized that pterylosis and ptilosis
are different and distinct aspects of the bird's feather coat.
Pterylosis covers the implantation point for each feather
follicle in the skin of the bird; ptilosis deals with the size,
shape, and appearance of the feather that comes from each
foUicle as well as the total plumage coat. When studying
the pterylosis of a bird, it is necessary to be mindful of the
kind of feather that is involved. Likewise, a critical study
of ptilosis is not possible or at least would be difficult if the
pterylosis were not known.
Many workers have described the color pattern and
appearance of plumage for many wild birds and have
given names appropriate for each of the plumage regions;
some references on this subject were given in chapter 1.
These names have been established over many years in
an extensive ornithologie literature and are not reviewed
here. Likewise, the poultry husbandry men have given names
to feather groups in domestic fowl. We are concerned
here with associating and naming each plumage group in
respect to its associated feather tract. We have done this
in detail for the chicken and touch only on certain points
for the remaining four domestic and laboratory species.
In all five species, we have paid particular attention to the
plumage of the wing.
Chicken
The terminology for the various parts of the undisturbed
feather coat (figs. 104 and 105) suggests associations with
the underlying pterylae, but the exact boundaries cannot be
determined accurately by examining the feather coat only.
The feathers must be lifted to expose the skin, implanted
follicles, and also the featherless spaces. To point out the

plumage for each tract, a series of eight illustrations was
made (figs. 102, A to D, and 103, A to D) to show certain
groups of feathers. Some of the drawings, used in earlier
illustrations on pterylosis studies and carrying an overlay
of dots, serve as a base to which additional overlays are
added to show the feathers associated with specific pterylae.
Dorsal cervical tract (hackle).—The hackle is a group of
feathers from the dorsal cervical tract. As shown in the
pterylography (figs. 60 and 61), this group has a broad base
adjacent to the head and then narrows to join the interscapular tract. Hackle is a term sometimes limited to the
individual slender and tapering neck feathers of the male
chicken, but it is equally correct to apply the name to neck
feathers of both sexes and to extend it to other orders of birds,
although it is generally apphed to galliforms. As illustrated in
figures 102, A, and 104, the feathers in the male droop over
the sides of the neck, entirely covering the lateral cervical
apterium. These feathers also cover the anterior end of the
wing (figs. 104 and 105) and most of the interscapular tract
or cape. The feathers of the hackle in the female are not as
long as they are in the male and therefore cover slightly
less of the neck and trunk. In the male, the tips of the feathers are narrow and pointed, and in the female they are
rounded. The individual feathers of the male are shown in
the exploded views of the feathers of the dorsal tracts (fig.
181) and are described in detail in chapter 6. We suggest
that throughout the reading of material on ptilosis that
illustrations in chapter 6 be examined and supplemented by
a study of the text material in this chapter.
Interscapular tract (cape).—The feathers of the interscapular tract or cape are largely covered by the hackle, especially
in the male, but as a chicken moves its neck, varying amounts
of the cape are exposed. The feathers at the anterior end are
always covered and characteristically are short (fig. 103, B)
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and plumulaceous. The feathers from the more caudal part
of the tract are typical contours. The follicles in the midline
are directed backward, but toward the margins they point
more and more away from the median axis. As a result,
although the interscapular tract is narrow, the plimiage
attached to it covers the scapular apterium completely and
hes on top of the medial half of the feathers of the humeral
tract. The feathers of the humeral tract have been named
shoulder plumage and wing front (fig. 105) in the '^American
Standard of Perfection'^ (1938-40). Caudally, the interscapulars cover the first half of the dorsal tract group of feathers.
Dorsopelvic tract and anterior end of the dorsal caudal
tract.-—The dorsopelvic tract, as evident from the pterylosis
(fig. 60), extends from the interscapular tract to the base
of the tail. The portion as far caudal as the anterior end
of the ilial bones is the dorsal tract. Its plumage, called the
back (figs. 104 and 105), is composed of relatively short
feathers in the female (fig. 103, A); in the male they are
long and taper to a point, as do the hackle feathers. The
follicles are largely directed caudally, but again those toward
the margins extend laterally. In the female, the feathers
being short, cover about one-third of the anterior part of
the pelvic tract, whereas in the male, they cover about
two-fifths of this tract. The laterally placed feathers of the
back are directed outward at about a 45° angle or more,
but they are short and do not cover much of the lateral
body apterium. Some of them lie upon plumulaceous feathers
from the anterior end of the femoral tract.
The feather coat from a male shown in figure 102, 5, has
its feathers implanted in the pelvic tract and in the anterior
part of the upper caudal tract. The rectrices and upper tail
coverts have been removed from the tail As shown in the
illustration this permits an unnatural drooping of feathers
over the end of the tail. When the rectrices are present, as
in figures 104 and 105, the pelvic tract feathers are lifted
upward to form the saddle in the male and the slope of the
back in the female. As may be observed in the exploded
view (fig. 181), many of these feathers are long and tapering,
especially in the male, and drape down over the side of the
body, the end of the wing, and the rear body feathers. In
the male they are grouped together under the term ''saddle'^
(fig. 104), and in the female, '^cushion'' (fig. 105). Only the
follicles in the midline point directly caudally; the others
point progressively laterally.
The feathers from the caudal end of the saddle and cush-
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ion spring from follicles implanted on the dorsal surface of
the tail from the caudal indentation to the uropygial eminence. In both sexes these feathers merge with the upper
major and median tail coverts; in fact, they are indistinguishable from them. Their identity is marked only by the
fact that they lie anterior to the rows of tail coverts. On
the dorsal surface of the uropygial eminence, of both sexes,
arise a few short feathers that are entirely overlaid by those
from the anterior part of the upper caudal tract. An oil
gland circlet is present in the chicken (fig. 65 and ch. 9, figs.
388, 389, 394). Beddard (1898: 19) stated: ^^It has been
pointed out that when the oil gland has a tuft of feathers upon
its apex the rest of the gland is unfeathered, and that, on the
contrary, when the tip is nude the general surface of the
gland is feathered.^' This statement is not applicable to the
chicken since both the gland and tip are feathered. On the
oil gland eminence there are short feathers with widely
spaced barbs ; these feathers are arranged around the base of
the oil gland duct. The vanes of these feathers are oriented
in transverse planes rather than concentric to the duct.
Those posterior to the duct are short and form a transition
to the upper coverts of the tail, and those lateral and anterior
to the duct are longer and are transitional in size and structure to those of the pelvic tract.
The chicken seems to have two oil gland circlets, each
consisting of four or five feathers (fig. 65). They are arranged in two semicircles, one around each oil gland duct
opening. Circlet feathers are often broken; if broken close
to follicles, ends of oil gland papillae may appear bare, like
papillae of birds lacking an oil gland circlet.
Posterior part of the dorsal caudal tract (tail feathers and
coverts).—The posterior part of the upper caudal tract
includes the upper major and median tail coverts and the
tail feathers or rectrices. The rectrices arise from the posterolateral margin of the tail (figs. 60 to 62). Vaulted or roofshaped tails of jungle fowl and domestic chicken (figs. 104
and 105) are not unique; they may be found in some other
Phasianidae and in some megapodes. The slope of the sides
of the vault may be different in the various kinds of birds.
The tail of birds is not folded in most orders but lies in one
plane or is slightly arched. The fold of the chicken tail is
30° or less. In the female all the rectrices are shaped like
large contour feathers, but in the male the median pair
forms the greater sickles. In the female, the median pair,
also called the deck feathers, forms the ridge of the vaulted

102.- -Feather coat associated with individual feather tracts of the male Single Comb White Leghorn Chickenlateral views. (Feather overlays drawn by R. B. Ewing.)

A, hackle feathers from the dorsal cervical tract (group on dorsal
neck). Thigh plumage and rear body feathers from the femoral tract
(group on the.thigh).
B, saddle feathers from the pelvic tract including some feathers at
the anterior end of the dorsal caudal tract.
C, breast feathers from the pectoral tract (group on breast). Lower
leg feathers from the crural tract—medial view (group on inner side

of shank). Fluff from the lateral abdominal tract (group below the tail).

D, feathers from the lateral body tract (group below wing). Lower
leg feathers from the crural tract—lateral view (group on outer
surface of shank). Feathers of the cloacal circlet (group of short
feathers at rear of body).
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tail; whereas^ in the male, the ridge is formed by the second
pair of rectrices. The number of rectrices seems to vary as
indicated in table 5. In either sex the number of rectrices
may be seven or eight; the upper major tail coverts, six to
eight; upper median tail coverts, one to six; and under
major tail coverts, five to eight.
When the tail is folded, the tips of the rectrices form a
slightly curved margin (figs. 104 and 105). When the tail is
spread in flight, it is nearly flat and the line established by
the tips of the feathers forms about one-third of a circle.
The outer vane of each feather overlaps the inner vane of
the feather lateral to it, like overlapping shingles, so that
water is readily shed. The inner vanes of the two rectrices
that form the ridge of the roof tend to overlap—sometimes
one way and sometimes the other. In order to facilitate sliding past each other and not to fray the edges, the barbs on
these vanes are curved downward. The shafts of all the tail
feathers curve medially, the curvature is least in the pair
forming the ridge of the vault and most in the peripheral
ones of each row. The curvature, especially of the peripheral
rectrices, tends to lift the lower edge of the tail.
The placement of the median rectrix dorsal to the other
rectrices is common among birds. Berger and Lunk (1954),
noted that the central pair of rectrices in the nestling Redcapped Coua (Coua ruficeps) was elevated to the extent
that the second pair nearly met beneath them. The association of the median rectrices with the lateral surfaces of the
pygostyle (fig. 67, A and B) shows that these two feathers
have been lifted by the growth of the pygostyle.
The greater sickle of the male, rectrix 1, is the longest
feather of the body. Both vanes are fully developed and of
nearly uniform width except near the ends. The rachis
curves about 90° (fig. 197, B),
The upper major tail coverts for each sex are best described separately. Those in the female are not specialized
(fig. 105), whereas in the male they are modified to form
the lesser sickles (fig. 104). The shifting in position of rectrices
2 to 7 in respect to the first rectrix has put the first rectrix
in approximately the same row as the upper major tail
coverts. To compensate, the coverts have been displaced
laterally. They may be reduced in number to one pair less
than the rectrices (table 5), but this is not always the case.
The first covert in the female is implanted between the
first and second rectrices; thus, it functions as the covert
for both these feathers. The second covert lies above the
third rectrix. The remaining ones shift medially so that the
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TABLE

5.—Rectrices and tail coverts of 11 male and 11 female
Single Comb White Leghorn Chickens

Sex

Males.....

Females. , .

Rectrices
(includes
greater sickle
in males)

Upper
major
tail
coverts

Upper
median
tail
coverts

Under
major
tail
coverts

Left

Right

Left

Right

Left

Right

Left

Right

No.
8
8
7
7
7
7
8
8
8
7
8
7
7
7
8
7
7
8
7
7
8
8

No.
8
8
8
8
8
7
8
8
8
8
8
8
7
7
8
8
8
8
7
8
8
8

No,
7
8
7
7
6
6
7
7
7
7
7
7
7
7
7
7
6
7
6
7
7
7

No.
6
8
7
7
7
6
7
7
8
7
7
7
7
7
7
8
7
8
7
7
6
7

No.
4
5
1
4
5
5
4
5
5
4
6
4
3
3
5
6
2
4
4
6
4
6

No.
2
4
2
5
6
5
5
6
5
3
5
3
3
3
5
6
4
3
2
4
4
6

No.
8
6
8
7
6
7
6
8
7
7
8
8
7
8
7
8
7
7
7
8
7
7

No.
7
5
6
8
7
7
7
8
7
7
8
8
7
8
7
8
8
6
8
8
7
7

last in the series lies above the sixth or between the fifth
and sixth rectrices.
In the cock there are usually seven upper major tail
coverts (lesser sickles). In table 5 the number varies from
six to eight. These coverts decrease in length laterally so
that the seventh one is often so short that it is questionable
whether it should be included in the series. These feathers,
Hke the greater sickle, arch downward across the side of the
tail. The shafts are implanted approximately like those in
the female except that, due to their larger size, they are
spread farther laterally, and the seventh one Hes above the
shaft of the seventh rectrix instead of the sixth as in the
female.
The extremely long tail feathers (greater and lesser sickles)

103.—Feather coat associated with individual feather tracts of the Single Comb White Leghorn Chicken. A and B
are dorsal views, C and D, ventral views. (Feather overlays drawn by R. B. Ewing.)

A, shoulder feathers of the humeral tract (group on the left wing).
Back feathers of the dorsal tract—female (group on the dorsal body).
Feathers of the posthumeral tract—female (group on the right wing).
ß, cape feathers of the interscapular tract (group between wings).
Sickle feathers and others of the caudal tract—male (group on tail).

C, feathers of the sternal tract.
jj^ feathers of the ventral cervical tract (group on front of neck).
Feathers of the subhumeral tract (group on the left wing). Fluff of
the median abdominal tract (group at the rear of the body).
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of the Japanese long-tailed fowls are known to reach a length
of 23 feet. These feathers exist partly because of genetic
selection and partly because of physical stimulation that is
applied to the feather follicles. This treatment delays retraction of the feather pulp and cessation of growth. These

feathers do molt, but the replacement grows very rapidly
(Cunningham, 1903).
The number of upper medial tail coverts of the female
varies from two to six, as shown in table 5. In the ''American
Standard of Perfection^^ (1938-40: 13) the coverts are shown

Auricular tract feathers (ear feathers) •

Ventral cervical tract
feathers (front of
neck plumage)
Humeral tract feathers ■
(wing front)
shoulder plumage)

Upper marginal coverts of
prepatagium (wing-bow)
Pectoral tract feathers
(breast plumage)

Abdominal tract feathers (fluff)
Femoral tract feathers (rear body feathers)
Femoral tract feathers (lower thigh plumage)

Upper median secondary covertsl
Upper major secondary'coverts (^^"g'^^verts
J or wing-bar)
Secondary remiges (secondaries or wing-bay)
Primary remiges
(primaries or flight feathers)

Crural tract feathers (hock plumage

Rectrix 1 (greater sickle)
Rectrices 2 - 8 (main tail feathers)
Upper major tail coverts 1'- 6' (lesser sickles)

104.—Feather coat of the male Single Comb White Leghorn Chicken—right lateral view. We gave most feather groups
two names: first, the feather tract name from the general avian literature; second, in parentheses, a name from general
poultry husbandry literature, particularly the ^^American Standard of Perfection" (1938-40).
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projecting definitely beyond the feathers of the cushion
that come from the upper caudal tract, but our specimens
show them as relatively short and not projecting much
beyond the tips of the feathers from the upper caudal tract.
The upper distal downs of the tail lie close to the follicle
neck of the rectrices. The afterfeather and the main feather
are about equal length.
Ventral cervical tract {front of neck plumage).—The density
and character of feathers in the interramal and submalar
regions (throat) of the chicken are described under the
pterylosis of the neck. Ptilosis in the present section begins with the ventral cervical tract at the level of the wattles
and extends to the shoulder (fig. 62). The feathers of the
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ventral cervical tract are short (fig. 103, D) compared
to the hackle feathers of the dorsal cervical tract (fig. 102
A). The feathers of the ventral neck blend with those from
the dorsal neck (figs. 104 and 105), but can be distinguished
by their size and arrangement. Most of the lateral cervical
apterium is covered by the dorsal cervical feathers; but
along the inferior margin of this space, the ventral cervical
feathers that are directed dorsocaudally provide some
coverage. The ventral cervical apterium in the midline of
the neck, is covered entirely by the feathers from the ventral
cervical tract curving in a ventrocaudal direction. When
these become wet and matted, the underlying semiplumes
as well as the skin of the apterium may be exposed.

- Auricular tract feathers
(ear feathers)

Ventral cervical tract
feathers (front of
neck plumage)

Humeral tract feathers
(wing front
(shoulder plumage)

Upper marginal coverts
of the prepatagium
(wing-bow'
Pectoral tract feathers
(breast plumage)

Upper median tail coverts
Secondary remiges (secondaries
or wing-bay)
Primary remiges (primaries
or flight feathers)
moral tract feathers
(rear body feathers)

Femoral tract feathers
(lower thigh plumage)

Crural tract feathers (hock plumage)

minal tract feathers (fluff)

Upper
major
secondaryJ coverts "]I /wing-coverts
, .
rr
f
Upper median secondary coverts J
^^ wing-bar]

Rectrices 1 - 7 (main tail feathers)
Upper major tail coverts l'- 7^(tail-coverts

FIGURE

105.—Feather coat of the female Single Comb White Leghorn Chicken—left lateral view. (The naming of feather
groups is explained in fig. 104.)
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Pectoral tract (breast plumage).—The plumage of the
ventral cervical tract continues caudally and has complete
continuity with the breast feathers of the pectoral tract
(figs. 102, C; 103, D; 104; and 105). The pectoral tract follicles begin at the shoulder and end in front of the knee (fig.
62). The feathers of this tract cover the pectoral apterium
and overlie feathers implanted along the margin of the
sternal tract. Those on the upper margin of the pectoral
tract cover much of the lateral body apterium and some
feathers of the lateral body tract. Those at the caudal end
of the tract overlap the anterior margin of the thigh and
knee. The pectoral tract feathers on the shoulder are covered
by those of the dorsal cervical tract.
Sternal tract.—The sternal tract is weak at the anterior
end but becomes strong caudally. All the folhcles point in a
mediocaudal direction so that they tend to form a ridge of
feathers over the sternal apterium (fig. 103, C). At the
extreme caudal end of the tract there is a transition to the
fluff of the abdominal tract. As one views the live, erect
bird, the ending of one tract and the beginning of the next
is not readily apparent in either sex, especially in an allwhite bird. The feathers and their overlap blend into an
uninterrupted feather coat, as shown in figures 104 and
105 for the neck, breast, and sternal areas.
Abdominal tract (fluff).—The posterior feathers shown in
figure 103, D, are from the medial abdominal tract, a strong
tract between sternum and cloaca. These are semiplumes in
both sexes, but they are a little more plumulaceous in the
female where the fluff is more conspicuous, especially in the
laying hen. The feathers are implanted in the skin at about
a 45° angle posteriorly in relation to skin surface. The feathers on the sides of the tract are directed laterally and merge
with the semiplumes of the lateral abdominal tract (fig. 102,
C). The latter is a weak tract, and.the semiplumes are
downy, especially in the groin region.
The cloacal circlet (fig. 102, D) is formed by one or two
rows of very short down feathers that are covered by the
fluff of the abdominal region. Often the feathers of the cloacal
circlet are broken.
Ventral caudal trad.—The under tail coverts are implanted
on the ventral surface of the tail The major row is definite,
and, as seen in table 5, has about the same number of feathers as rectrices. The pterylosis of the ventral caudal tract is
shown in figure 62. In the male, the first under major covert
lies opposite the space between the first and second rectrices.
The second covert lies in the space between the second and
third rectrices, the third one lies ventral to the shaft of the
fourth rectrix, the fourth lies in the space between the fifth
and sixth rectrices, and the fifth lies ventral to the sixth
shaft. The remaining two are close together, near the corner
of the tail; they are either somewhat separated from the
bases of the seventh and eighth rectrices, or they lie on each
side of the base of the seventh shaft.
The vanes and shafts of the under major tail coverts are
curved so that their upper surfaces are cupped and fitted
one below the other like a stack of spoons. The cupped side
of the feather is directed toward the tail feathers. The first

one is the longest and the seventh the shortest, and they
form a pair of rows fiUing in the V-shaped gable formed by
the folded tail.
The under major tail coverts in the female have a larger
proportion of downy barbs on the bases of the feathers than
do those of the male, and rachises extend outward, perpendicular to the margin of the tail. Thus, in the female the
shafts of these feathers tend to cross the shafts of the tail
feathers, whereas in the male the shafts of the two groups
tend to be parallel to each other. As a result there is a wider
spread of under major tail coverts in the female than in the
male. In the female the outer two or three feathers project
beyond the lateral margins of the tail, and their tips meet
the tips of the laterally located upper major tail coverts.
In the female the first covert is implanted between the
bases of the first and second rectrices; the second and third
He directly below the third and fourth tail feathers, and the
fourth, fifth, and sixth are lateral to the tail feathers having
one higher number.
Between the rectrices and the under major tail coverts is
a row of down feathers, identified here as the under distal
downs of the tail. They have the same position relative to
the folhcles of the rectrices that the upper distal down
feathers of the tail had on the dorsal side, except that they
are placed slightly farther anteriorly.
Cephalic to the under major tail coverts are about three
partial rows separated in the midline by a ventral caudal
apterium (fig. 62). These may be considered as under median
and minor tail coverts or, where grouped together, as the
ventral caudal tract proper. These feathers are similar in
both sexes except that they spread more laterally in the
female than in the male, and in adult males there is a greater
bowing of the shafts toward the midline. These rows parallel
the row of under major tail coverts, and there are about
three to four feathers in each row on a side.
Lateral body tract—The lateral body tract is a small group
of feathers on the side of the body beneath the wing (figs.
61 and 102, D). The feathers vary in structure from welldeveloped semiplumes to typical contour feathers. The
shafts are directed backward and slightly upward covering
the caudal half of the lateral body apterium and overlapping
the anterior margin of the femoral tract.
The anterior part of the lateral body apterium is covered
by the feathers of the pectoral tract.
Femoral tract (lower thigh plmnage and rear body feathers).
The distribution of the follicles of the femoral tract is shown
in figures 60 to 62. The tract extends from the hip to the knee
across the full width of the thigh. The anterior surface of the
knee is covered by feathers of the femoral tract, but the small
amount of exposed medial surface of this part of the leg
bears only downs that merge with the down feathers of the
groin region.
The feathers from the anterior margin of the tract, adjacent to the lateral body apterium, are large semiplumes
that are covered by the contour feathers of the pectoral
tract. The semiplumes point directly caudally. Semiplumes
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are present also along the dorsal margin of the femoral
tract adjacent to the lateral pelvic apterium. The feathers
of the dorsal margin of the femoral tract are covered by the
tip of the wing (figs. 104 and 105) and by the feathers from

the lateral margin of the pelvic tract. The feathers of the
dorsal part of the femoral tract point directly caudally.
Contour feathers are found on the more exposed parts of
the femoral tract; those on the anterior surface of the knee
are largely plumulaceous but have a pennaceous tip. The
shafts point downward and caudally, completely covering
the anterior and lateral surfaces of the knee. These feathers,
together with the feathers from the anterior three-fourths
of the lateral surface of the thigh, form the group that the
''American Standard of Perfection" (1938-40) designated as
the lower thigh plumage (figs. 102, A; 104; and 105). The
feathers of this group, as well as those from the knee, slope
downward and backward at about a 45° angle, making them
stand apart from the long contour feathers arising from the
several closely packed rows at the infracaudal margin of
the tract. The feathers from the latter rows are long, contour feathers directed caudally so that they cover the sides
of the abdomen and most of the fluff. The ''American Standard of Perfection" named this group "the rear body feathers"
(figs. 104 and 105). The lower thigh feathers cover all of the
crural apterium and approximately the upper two-thirds of
the crural tract feathers that lie on the external surface of
the leg.
Crural tract {hock plumage).—The crural tract extends
from the knee to the hock joint. The feathers are longest on
the external surface of the shank and shortest on the medial
surface; also, they are longer in the upper part than in the
lower. Generally, the feathers point directly toward the
anklcj but on the anterior surface of the shank they swing
across it toward the medial side and overlap some of the
shorter feathers on the inner surface of the leg (figs. 102,
C and D), The upper two-thirds of the lateral surface are
covered by the lower feathers of the femoral tract. The
feathers of the knee region and those immediately below
the knee are covered by feathers from the tip of the pectoral
tract.
Humeral tract (wing front and shoulder).—The humeral
tract crosses the upper arm from the shoulder to the metapatagium (figs. 60 and 103, A). The feathers near the leading
edge of the wing are short. They form the wing front (figs.
104 and 105) and may be covered by the hackle feathers.
Caudally the humeral feathers become progressively longer.
When the wing is extended, the long feathers from the
traihng edge fill the gap between the wing and body and
form the plumage group called the shoulder. Along the
medial margin of the humeral tract, the feathers point
directly posteriorly and do not contribute significantly to
covering the scapular apterium. Progressively toward the
lateral margin, they point toward the axis of the extended
wing and cover some of the feathers of the upper marginal
coverts of the prepatagium. At the leading edge of the wing,
the feathers project upward from the surface of the wing
at a rather large angle. Since their shafts are strongly curved,
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they produce a rounded leading edge with the adjacent
marginals. Some of the follicles are directed forward rather
than backward.
Posthumeral tract.—^The posthumeral feathers are a small
group along the posterior margin of the arm between the
humeral tract and elbow (fig. 103, A). Usually there are
three rows on the dorsal side, and the longest feathers are
in the middle row. We have sometimes used the term "quills"
for the feathers of the middle row, and the term "coverts"
for those above and below. However, all the feathers of the
posthumeral tract are relatively short compared to the
large overlying humeral feathers and the adjacent secondaries
and coverts of the forearm. The vanes of the most posterior
row have a "contrary overlap." This term is applied when
the overlapping of vanes is contrary to that of the remiges.
Actually, the feathers are set almost at right angles to the
axis of the humérus. The most posterior row of the posthumeral tract lies on the ventral side of the wing. These
feathers are more downy than those of the adjacent dorsal
row.
Subhumeral tract.—The subhumeral feathers on the under
surface of the upper arm are composed of about two rows.
The longest feathers are in the most caudal row; those anterior to these are much shorter and are similar in character
to adjacent feathers on the ventral surface of the prepatagium (fig. 103, D). The feathers extend posteriorly and
toward the elbow and form a thin covering for the under
surface of the upper arm and the posthumeral apterium.
Alar tracts.—The feathers of the forearm and hand are
illustrated in a series of drawings (figs. 106 to 123) and the
accompanying text. It is desirable to associate plumage
with the pterylosis. Several points are brought out: (1)
Identification of feathers in the intact plumage and their
relationship to the named coverts; (2) the types of overlap
found in major, median, and minor coverts of domestic
species; (3) reversed and nonreversed coverts; (4) comparison of eutaxic and diastataxic wings and evidence for intercalated rows or for shifting of rows; and (5) significance of
down feathers when arranged in definite rows.
Feather coat of the folded wing.—The folded wing is an example of neat and eflâcient packaging (figs. 104 and 105). It
lies snugly against the side of the body at right angles to
the position taken when extended in flight, the forearm is
folded close to the upper arm, the hand is bent to within
about 45° of the forearm, and the feathers of digit II overlap
the anterior margin of the hand. The folded wing covers
the side of the body, the wrist region lies at the level of the
shoulder, and the tips of the remiges He beyond the pygostyle
of the tail. The feathers of the folded wing touch the dorsal
and pelvic feathers above and the pectoral feathers below.
The folded wing removed from the body (fig. 106) shows a
little more detail, and the expanded wing (fig. 107 and 108)
shows at least the tips of most of the feathers.
The anterior part of the humeral group forms the wingfront. In the fully folded wing, some of the wing-front
humerais overlie the wrist: the feathers along the distal
margin of the tract of this wing are curved downward and
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Humerais
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Row of upper median
secondary coverts

(Wing-front

Row of upper major

Upper marginal
coverts of forearm
(wing-bow)

(wing-bar)
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Upper marginal coverts
of hand and alula
Primary remiges
Upper minor covert - 2nd row

j'j/f-Alular remiges

i^'è^^ feathers)

Upper minor covert - 1st row

FIGURE

106.-Plumage of the folded left wing of the Single Comb White Leghorn Chicken. (The naming of feather groups is
explained in fig. 104.)

I

■ Upper minor covert - 1st row
Upper minor covert - 2nd row
Row of upper major secondary coverts
-Row of upper median secondary coverts

(wing-bar)

,— (Axial feather)
I-— I nc i su re of outer vane

III

(Shoulder

Alular remiges
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Row of upper major primary coverts
Row of upper median primary coverts
Upper major carpal covert
Upper median carpal covert

Primary remiges I - X
Secondary remiges 1 - 15
<i ^a^yirvz.

FiGUBE 107.-Plumage of the extended left wing of the Single Comb White Leghorn Chicken-dorsal side. (The naming of
feather groups is explained in fig. 104.)

PTILOSIS

167

Under major-eafpal covert
Under minor carpal covert

5

6
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VII

merals

Under major primary coverts
Under minor primary coverts - 1st row
ary remiges I - X
Secondary remiges 1

FIGURE

C.(7'a/fi/\!>z.

Under marginal coverts of prepatagium
Row of under major secondary coverts
Row of under median secondary coverts
2 rows of under minor secondary coverts

108.—Plumage of the ventral surfaces of the extended left wing for the Single Comb White Leghorn Chicken. (The
naming of feather groups is explained in fig. 104.)

backward and cover approximately the anterior half of the
upper marginals of the prepatagium. The feathers along
the medial margin of the humeral tract parallel the scapula
and cover it; these feathers are called the shoulder in poultry
husbandry literature. They extend caudally beyond the
wing nearly to the hip joint in the male or slightly beyond
it in the female.
When the wing is extended, the ligamentous bands attached to the follicles of the secondary remiges pull these
feathers to a position at right angles to the axis of the ulna.
When the wing is flexed, the release of tension allows the
secondaries to fold back against the forearm. The second
secondary is the first feather of this series to be visible in
the folded wing (fig. 106) ; the first one of the series, the key
or axial feather, is entirely covered by coverts.
Secondaries 8 through 11 extend farthest caudally and
their tips practically coincide with the tips of the farthestreaching primaries, namely, 5 through 7. The exposed ends
of the secondaries form a triangle, the wing-bay. Those
toward the elbow shorten abruptly, and the small ones at
the end of the series are covered by feathers from the hu-

meral tract. The exposed tips of the upper major and median
coverts form the wing-bar. The coverts are discussed in
more detail in the section on the extended wing.
The primaries are folded medial to the secondaries, and
usually only the distal two, the ninth and 10th, are visible.
The bases of these are covered by alular remiges. The shape
of the joint at the wrist is such that when the hand is extended, the primaries are brought into nearly the same
plane as the secondaries but as the hand is flexed, movement
at the wrist is enough to rotate the hand away from the
axis of the forearm by about 30°, which has the effect of
pressing the hand against the side of the body. This, combined with the fact that the overlap of all the remiges is
such that, like a spread stack of cards, the outermost feather,
corresponding to the bottom card, lies next to the body.
This arrangement allows the feathers to slide past each
other without being rufíled. The overlap is such that the
outer vane lies above the inner vane of the next feather
distally positioned.
The alular remiges, combined with the alular coverts,
provide strength for the leading edge of the hand. The alular
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Ventral view
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Dorsal view

IV'
Upper major alular covert
Upper major
alular coverts

Under major alular coverts

Alularremiges I - IV

FIGURE

109.—Dorsal and ventral views of the alular remiges and their coverts for the Single Comb White Leghorn Chicken.

feathers maintain about the same position relative to the
distal primaries in both the extended and the flexed condition.
Feather coat on the upper side of the extended wing.—Unfolding the wing brings most of the dorsal feathers into view
(fig. 107). The outer vane of primary remiges 4 through 7
possesses an incisive notch, that is, the vane is broad at the
base and abruptly becomes narrower' toward the tip. The
same thing occurs in primary 3, but the notch is made by a
long gradual transition. In primary 2, the notch is scarcely
apparent (fig. 113). For descriptions of feather structures, see
chapter 6, page 297.
Upper major primary coverts 2 through 9 uniformly
cover the basal third of the primaries. Covert 10 is much
shorter and narrower—only about two-thirds as long as the
adjacent ninth and the first is shorter than the second. All
have a conforming overlap, namely they overlap in the
same direction as the primaries. This applies even to the
overlap of the ninth on the 10th and the first on the second
(fig. 113). In figure 113 the first upper major primary covert
is hidden behind the first upper major secondary covert.
In the extended wing, the tips of the upper major primary
coverts lie along the same line as do the upper median
secondary coverts (fig. 107), but this illusion has no significance in naming the rows. The upper median primary
coverts are small and narrow (figs. 107 and 115). The major
primary coverts have a conforming overlap, and the median
primary coverts have a contrary overlap. This agrees with
the types of overlap on the major and median secondary
coverts. In pterylosis studies, the upper minor primary
coverts of both the first and second rows were distinct from

the upper marginal coverts of the hand (fig. 69); but when
the ptilosis is examined, all of the feathers blend together,
giving a rounded dorsal surface to the hand, supplemented
by the overlapping alular remiges (fig. 107).
The carpal remex on the wrist region is not shown in
figure 107 but is illustrated in figure HI. It is a small feather,
hidden between the primary and secondary remiges (figs.
68 and 69). It lies close to the follicle of the first primary
and is parallel to it. It is crossed by a larger upper major
carpal covert (fig. 113), a conspicuous feather that in the
extended wing is longer and broader than those adjacent to
it (fig. 107). In the male the upper major carpal covert is
about as long as the first upper major primary covert; in
the female it is shorter. An upper median carpal covert lies
directly anterior to the upper major carpal covert. It also is
slightly larger than the upper median primary coverts and
shorter than the upper median secondary coverts (figs. 107
and 115).
The follicles of the upper major secondary coverts cross
the remiges toward the wrist (fig. 68). The shafts are nearly
straight, but the movable skin allows the follicles to shift
so that the feathers either may be nearly parallel to the
remiges (figs. 107 and 115) or may cross them at a considerable angle (fig. 113). These coverts reach more than
half the length of the remiges. The overlap is conforming.
At the proximal end of the forearm, where the secondaries
abruptly begin to shorten, there is a peculiar relationship
between remiges and coverts. All are laid one on top of the
other to form a column about the width of the largest feather.
This is well shown in the Red Junglefowl (Gallus gallus),
where the iridescent green color of these secondaries and
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their eoverts strongly contrasts with the adjacent brown
feathers. Pecuüarly^ the coverts and remiges do not alternate
in this column; instead the three or four longest stacked
feathers of the series are remiges, and the next three or four
shortest stacked feathers are major coverts.
The follicles of the upper median secondary coverts are
much shorter than those of the upper major secondary
coverts, but the feathers are only slightly shorter. The
overlap is largely contrary (figs. 107 and 115), but the feathers easily shift to a conforming orientation.
The remaining feathers on the upper surface of the wing
are the upper marginal coverts of the prepatagium and
alula. The largest are adjacent to the upper minor coverts
and the smallest are along the leading edge of the wing. The
axes of the feathers between the anterior and posterior boundaries of the tract shift about 90*^ (fig. 107). The first row of
minor coverts may well be considered as part of the coverts
covering the secondaries, but additional rows beyond the
first appear to be part of the upper marginal coverts of the
prepatagium, whether judged by the arrangement of the
follicles (fig. 68) or by the morphology and arrangement of
the feathers (fig. 107). Moreover, in the Red Junglefowl
the upper marginal coverts of the prepatagium adjacent to
the wing-bar are a dark reddish brown that is in striking
contrast to the iridescent green tips of the median coverts.
Among these marginal coverts, color does not prove the
existence of upper minor covert rows.
The downs are not visible on the dorsal side of the wing,
but a few can be seen on the ventral side. The distribution
of downs in rows is discussed after the description of the
contour feathers.
Feather coat on the under side of the extended wing.—The

Ventral view

*"

Row of under
major primary
coverts
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feathers on the ventral surface of the wing are smaller than
those on the dorsal surface; nonfeathered spaces are larger
and more numerous.
The shafts of the 10 under major primary coverts curve
proximally across the axes of the remiges (fig. 114). These
under coverts cover exactly the same length of remex feathers as is covered by the upper major primary coverts. The
under major primary coverts, like the upper ones, have a
conforming overlap. The major coverts on the under side
have their afterfeathers directed outward rather than toward
the skin surface; in other words, these feathers are reversed.
Sometimes a feather or two is present representing the
under median primary coverts. One is shown in the pterylosis
illustration (fig. 70). In figure 122, reversal of an under
median primary covert and an under major carpal covert
is demonstrated.
There are 10 under minor primary coverts, as shown in
figures 70 and 108. In figure 116 the most distal in the
shaded series on the under surface of the hand is a marginal
covert, and the 10 proximal ones are under minor primary
coverts. The shafts of the under minor primary coverts of
the first row are directed distally. The crossing of the remex
feather shafts in one direction by the under major primary
coverts and in the opposite direction by the under minor
coverts gives strength to the under surface of the primaries.
The follicles are short and the skin is loose. As a result the
shafts of the first row of under minor coverts easily point in
various directions. However, when the feathers are pushed
into a regular pattern, as shown in figure 116, they have a
contrary overlap.
Usually it is possible to find a few feathers that represent
the second row of under minor primary coverts. In the

Dorsal view

Row of upper major
primary coverts
Digital claw

Carpal remex
Under major carpal
covert
Under minor carpal
3
covert

Upper median
carpal covert
Upper major carpal
covert

Primary remiges I
Secondary remiges 1 - 3
Alular remiges T- IV'

FIGURE

110.—Dorsal and ventral views of the alular remiges showing their relation to the anterior edge of the hand. See
figures 69 and 70 for details on pterylosis in relation to adjoining areas of hand, wrist, and forearm.
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specimen shown in figure 70, feather 1 was present. In
another specimen, feathers 1 through 4 were present. These
feathers are more commonly found adjacent to the wrist
than elsewhere. When present, the feathers of the second
row of under minor primary coverts have a contrary overlap
like those of the first row.
The under marginal coverts of the hand are directed
obhquely distally, which permits them to cover the under
hand apterium (fig. 108). Those adjacent to the apteriimi
are similar in size and morphology to those of the minor
coverts; those on and near the leading edge are smaller and
are pointed directly toward the tip of the wing.
The alular remiges of the folded wing fit snugly over the
basal halves of primary rectrices 8 through 10, and only
the edge of the first alular remex is visible from the ventral
side of the wing (figs. 108 and 110). This remex is the longest, the second is nearly as long as the first, the third is about
two-fifths as long, and the fourth is about one-third as long
(figs. 109 and 110).
The short feathers covering the dorsal and ventral bases
of the alular remiges, as shown in figure 109, may be regarded
as alular coverts; but they have no distinguishing features
that differentiate them from the adjacent and overlapping
marginal coverts, except on the dorsal side, where they are
somewhat longer than the adjacent marginal coverts. Even
that feature is lacking on the ventral side.
The feathers of the under surface of the wrist can be
identified readily in the extended wing (fig. 108). The under
major carpal covert is close to the posterior margin of the
joint (fig. 70). It is not as long as the adjacent under major
primary and secondary coverts, but like all feathers in the
major and median rows the under carpal covert is reversed.

Since there is only one reversed under carpal covert, it might
be question whether it is major or median. We have labeled
it major. On the ventral side of the wristbones are implanted
the under minor carpal coverts, first and second rows. The
carpal feather of the first row usually points toward the tip
of the wing and is about as long as the feathers of the first
row of the under minor primary coverts. The under minor
carpal covert, second row, hes directly anterior to the minor
carpal covert of the first row but is small like the adjacent
under minor coverts on each side of it.
The under forearm is more sparsely feathered than is the
hand. The under major secondary coverts are shorter than
those of the under major primary coverts (figs. 108 and 114).
The follicles and feather shafts of these secondary coverts
approximately parallel the axes of the remiges. All have a
conforming overlap and are reversed.
The under median secondary coverts in the chicken are
feeble contour feathers (see ch. 6, p. 301). They are almost
completely hidden by the first row of under minor secondary
coverts (fig. 108). Under median secondary coverts 2 through
10 (fig. 71) form only part of a row; in figure 122 the row is
slightly longer—1 through 11. In figure 122 is the evidence
that they are reversed coverts, the afterfeather being located
externally (ventrally). The first row of under minor secondary coverts are short feathers. These point proximally while
the feathers of the same row on the hand point distally, the
break coming at the carpal region; the gap is filled by the
under major and minor carpal coverts. An under median
carpal covert appears to be absent.
Figure 71 shows that there is a second row of under minor
secondary coverts; in figures 108 and 117 they appear so
short that they scarcely cover the bases of feathers forming

Metacarpals

— Terminal phalanx - Digit III
— Basal phalanx - Digit 111
— Metacarpus 111
I— Phalanx - Digit 11
FIGURE

111.—Dorsal view of the remiges of hand, wrist, and forearm showing their relationship to the skeleton of the wing
for the Single Comb White Leghorn Chicken.
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Basal phalanx - Digit III
Phalanx - Digit IV
Primary remiges I - X
Metacarpus IV
Secondary remiges 1 - 18
Metacarpus III

FIGURE

• Phalanx - Digit II
-Digital claw

112.—Ventral view of the remiges of hand, wrist, and forearm showing their relationship to the skeleton of the wing
for the Single Comb White Leghorn Chicken.

the first row of minor coverts. However, this is true only in
the female; in the male the feathers of the second row are
as long as those of the first row. In both sexes the feathers
are inclined in a proximal direction on the forearm and have
a conforming overlap like the first minor row. In both minor
rows, the afterfeathers are on the side toward the skin
surface.
The several groups of under marginal coverts of the prepatagium are composed of (1) scattered, small contour feathers
(fig. 71) that effectively cover the under arm apteria (fig.
108) and (2) short, narrow feathers along the edge, which
point distally.
Finally, when all of the plumage has been plucked except
the primary and secondary remiges and the muscles and
skin covering the bones have been removed, one may then
see the relationship of the follicles to the bones of the hand
and forearm (figs. Ill and 112). On page 115, names are
applied to the primaries according to the bone of the hand
with which they are associated, namely, the metacarpal
primaries I through VI that overlap metacarpus IV; the
addigital primary that lies beneath the phalanx of digit IV;
the middigital primaries that touch the basal phalanx of
digit III; and the predigital primary that parallels the
terminal phalanx of digit III.
The implantation of the remiges in relation to the radiale
and ulnare and the bones that articulate with them—the
radius, ulna, and carpometacarpals—is important. As
delineated in figures 111 and 112, the first primary lies at
the extreme proximal end of the carpometacarpus IV, the
carpal remex is opposite the ulnare, and the first secondary
is near the extreme end of the ulna.
This, however, does not agree with radiographs made of

this area. In the radiographs, the first primary lies at about
the point where the second is shown in the drawings, and
no feather is implanted on the distal end of the carpometacarpus. This agrees with the relationship shown by Wray
(1887a) for a duck. The basal end of the first secondary is
aimed directly toward the middle of the posterior surface
of the ulnare and is in line with the ulnocarpometacarpal
articulation; the carpal remex that one might expect to have
this position, is placed well forward on the hand. However,
this is understandable because the carpal remex is so closely
associated with the follicle of the first primary.
Figures 111 and 112 also bear out the fact that the secondaries are not implanted beyond the anconeal end of the ulna.
Wray (1887a) showed that all 19 secondaries in the duck
reach the ulnar bone. Also, our numerous examples of partially cleaned, dried wings show all secondaries attached to
the ulna. The radiographs, however, make it appear that
the proximal four secondaries are directed toward the distal
end of the humérus.
Generally, the carpal remex, its upper major and median
coverts, and its under major and minor coverts occur with
a high degree of constancy. But variations do occur, as
illustrated in figure 118. The typical pattern for these feathers is shown in figures 68 through 71 and in figures 118, A
and B. The carpal remex is always present; in 118, C, the
upper major and median carpal coverts are absent and in
D the carpal remex, as in C, lacks upper major and median
carpal coverts, but proximally there is a second carpal
remex with two upper coverts, indicated in D by an asterisk.
The variation in the carpal remex and its coverts among
Single Comb White Leghorns is presented in table 6. The
carpal remex and its under major carpal covert and under
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6.-—Variahility in the presence of certain feathers in the
carpal region and on digit II of the Single Comb White
Leghorn Chicken

TABLE

[+, present; —, absent]
Age
(posthatching,
in
days)
35.

105

Carpal
remex

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

.

Upper
major
carpal
covert

Upper
median
carpal
covert

+

+

Under
major
carpal
covert

—
—
—
—
—
—

+

—
—

+
+
+
+
+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+

—
—

+
—

+

—

+
—

-f

Under
No. of
minor
upper
covert— alular
1st row major
coverts^

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

4
4
3
3
3
3
3
4
4
3
4
3
3
3
4
3
3
3
3
4

1 When only three feathers are present, the first of the series is absent.

minor carpal covert of the first row was found in all of the
20 birds examined. The upper major carpal covert and
upper median carpal covert are often absent, and there
appears to be no difference between the two ages, 35 and
105 days.
The discussion of contour feathers of the wing is not
complete. Down feathers are described next, and then reversed and unreversed feathers and conforming and nonconforming overlap are discussed in relation to the eutaxic
and diastataxic wings.
In figures 68 through 71, dots placed among the remiges
and coverts locate the downs. In the Great Horned Owl,
three rows of downs are present—distal, median, and proximal. In the chicken, there are but two rows; the median
row is absent. The number of downs for each row varies for
individual birds; therefore, figures 68 to 71 do not show the
exact number and placement shown in figures 119 through
123. Figure 122 is included in this series because of the
downy character of the under median secondary coverts.
The chicken has two rows of down feathers on the dorsal
surface of hand and forearm; one row on the ventral surface
of forearm and hand. The upper distal primary down feathers can be seen satisfactorily only by plucking the overlying
feathers and leaving the remiges in their normal position
(fig. 119). They are downy with a short rachis, and cover
only the necks of the foUicles; they do not adequately sub-

stitute for the absence of a plumulaceous base on the rachis
of the primaries. The upper proximal primary down feathers are about the same size as the distal downs and cover
the follicle neck of the upper major primary coverts (fig.
120). They have a small rachis and do not resemble the
down feathers in the distal row.
The under distal primary down feathers (fig. 121) are
implanted close to the traihng border of the wing and lie
between each of the remiges and opposite the upper distal
prunary down feathers. The distal down feathers are not as
downy as those of the proximal row and have a main rachis
and an after-rachis; their barbs are long and the rachises
are not conspicuous. These feathers, together with the ones
on the opposite surface, effectively cover the follicle necks
of the primaries.
There are two rows of down feathers on the upper surface
of the forearm (figs. 119 and 120). The upper distal secondary downs are much larger than those in the same row on
the hand (fig. 119). The basal ends of the shaft of the secondaries are much more plumulaceous than the same region of
the primaries, and the fluff of the secondary downs merges
with the fluff of these remiges. The folHcles of these down
feathers are implanted on the dorsal surfaces of the secondary remiges close to the folhcle necks. The folUcles are associated with remiges 1 to about 13, but they are absent from
the smair secondaries near the elbow. The down feathers
have a moderately long but very delicate rachis and a small
afterfeather with a rachis that is hardly discernible.
The upper proximal secondary down feathers form a row
parallel to the distal downs and are implanted on the carpal
side of secondary follicles 1 through 10 (fig. 120) or 1 through
11 (fig. 68). These downs are relatively large; they mingle
with plumulaceous portions of the adjacent coverts. There
seem to be no rachises on these down feathers except adjacent to the calami. In the absence of a well-defined rachis,
the afterfeather is difficult to identify, but it is present.
The under median secondary coverts are downy but
actually have the structure of rudimentary semiplumes. As
described earlier, they form an incomplete row (figs. 71 and
122). The feathers he at about a 45"" angle to the skin, maintaining a conforming overlap. A small afterfeather is present
and, as shown in figure 122, the feather is reversed.
Down feathers vary in relation to the alular remiges.
Figures 69 and 70 show a few downs; in figure 123 there are
three on the dorsal surface and four may be present. Examined on an anesthetized adult bird, they are entirely hidden
by the upper major alular coverts. The down feathers are
small and are implanted on the dorsal surface of the alular
remex follicles near their necks. The down feather is about
as broad as it is long and has a well-developed main rachis
and a smaller one in the afterfeather.
General considerations,—The reversal of feathers has important imphcations in respect to the ancestral wing and
how the surface may have been rotated around the caudal
edge of the wing. A feather basically has two surfaces: an
outer surface away from the body and an inner surface
toward the body. All body feathers and most wing feathers
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■ Carpal rcmcx
-Upper major carpal covert
Primary rcmiges I - X
Secondary remiges 1 - 18
Upper major primary coverts I - X
Upper major secondary coverts l'- 18'

113.—Dorsal view of remiges and upper major coverts of the hand, wrist, and forearm for the Single Comb White
Leghorn Chicken. The location of the first upper major primary covert is indicated by I', but the feather is hidden in the
drawing.

FIGURE

have this unreversed orientation; however, the major and
median coverts on the ventral surface of the wing are seemingly rotated 180° so that the natural "outer" surface is
against the wing and the natural "inner" surface is away
from the wing. There are several means of determining the
natural outer and inner surfaces, and the chicken is particularly favorable for this type of study because—(1) the afterfeather is on the inner side; (2) the inner side of the main
rachis usually has a groove; (3) the outer side of the rachis
is smooth; and (4) in some birds there may be a difference
in color, each color characteristic of an outer or an inner
surface.
The last point was described by Bates (1918) and was
cited in chapter 2, page 82. Sundevall (Dallas, 1886) noted
reversed under major and median coverts in the carínate
birds and interpreted it as being due to an elongation of the
aftershaft rachis and a corresponding regression of the main
shaft rachis; but Bates (1918: 530) noted that Wray (1887a:
353) gave an interpretation that was generally accepted,
namely:

of the remiges and tectrices majores. That is, that originally on
the dorsal surface of the arm and manus there took place a special
modification of the scales or feather foretypes by which rows of
these were directed backwards in the "primitive embryonic" position of the limb. Next two or three rows began to be specialized
and to become larger and more prominent than the others; then
these, by their unequal growth, carried over a fold of skin and
formed the wing-membrane, carrying some of the structures to the
ventral side, which are now seen as the reversed feathers. . . .
In the embryo bird the feather-rudiments first appear on the dorsal
surface, pointing to the fact that the modification here is very
ancient and deep-seated; the remiges and greater coverts (superior)
being the earliest to appear; quickly they begin to assume larger
proportions, and at the very earliest stages the remiges are distinguishable. At this stage the wing is quite rounded in section, there
being no trace of the "ala membrana;" the next feathers to appear
are the t. majores (inferior), closely followed by the other ventral
coverts, the other dorsal coverts meanwhile having appeared.
At this stage . . . the inferior major and median coverts are distinctly more on the dorsal half of the rounded edge of the wing
than its ventral, but very quickly they become quite ventral, owing
to the rapid growth of the remiges. This stage is quickly passed
over, but sufficient is visible to show that these feathers are carried
to the lower surface by inequality of growth. . . .

. . . that these feathers or their antetypes were originally on the
dorsal surface and have been carried down to the ventral in the
formation of the "ala membrana" by the excessive development

Wray clearly stated an idea that persists today as the
accepted interpretation of reversed under coverts. Identi-
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Primary remiges I - X
Secondary remiges 1-18
Under major primary coverts

I - X'

Under major secondary coverts 1'- 13'
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114.—Ventral view of remiges and under major coverts of the hand, wrist, and forearm for the Single Comb White
Leghorn Chicken.

fication of reversed under coverts is relatively simple in the
chicken and, as summarized, gives a fairly distinct picture
of the supposed downward rotation of the caudal edge of
the wing. All of the 10 under major primary coverts have
reversed feathers, most readily recognized by the distinct
ventral grooves in the rachises; the afterfeather is merely
a ring of barbs arising from the superior umbilicus. The
absence of a well-developed afterfeather suggests a remex,
at least in the chicken where nearly every feather has an
afterfeather. The alular remiges like the primary and secondary remiges lack distinct afterfeathers. The sharp demarcation between a reversed and an unreversed feather may be
noted at the distal end of the row of under major primary
coverts. Immediately adjacent to the 10th in the series is an
under marginal covert of the hand; its under surface is toward the skin, and it has a distinct afterfeather. All of the
under primary marginal coverts have unreversed orientation; the same is true for the under distal primary downs.
The alular remiges are unreversed also.
The under major carpal covert has a well-developed afterfeather and rachidial groove, both directed ventrally. All of
the feathers anterior to this one have unreversed orientation;

therefore, it is questionable to designate one of these above
the major as an under median carpal covert.
All of the under major secondary coverts are reversed. An
afterfeather is absent, but the groove of the rachis is directed
away from the skin. The row ends at about the 14th feather.
Beyond that, the coverts adjacent to remiges 15 through 18
are unreversed and are the feathers of the cubital end of an
under minor row. The feathers representing the under
median secondary coverts have well-developed afterfeathers
oriented ventrally. The remaining feathers on the forearm—
two rows of under minor secondary coverts and under
marginal coverts—are unreversed. The same is true for the
subhumerals and for the posthumerals.
We do not want to give the impression that all of the
coverts in any one row must have either conforming or contrary overlap. Bates (1918) demonstrated in text and figures
that they may be mixed. Sometimes the under major coverts
may have conforming overlap except for a few at the proximal end of the hand.
In a great number of the birds examined by Bates, reversal of the under median secondary coverts was similar
to that in the chicken, and the under median primary
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coverts were absent. If under median primary coverts were
present, they were limited to a few coverts adjacent to the
wrist. In the chicken, there were one or two such feathers.
This reduction in the number of rows or complete absence
of the row was considered by Bates as due to the crowding
of feathers on the hand, derived from the small size of the
hand and the large size of the primaries.

Turkey
The feather coat of the Bronze Turkey is described as
briefly as possible. We have not provided illustrations other
than those for the pterylosis (figs. 73 through 79), but the
feather groups shown for the chicken should provide an
adequate visual image for discussion and reference. Different
parts of the feather coat of the turkey may have the same
terminology as that used for the chicken, but certain terms
were omitted for the turkey both in the "American Standard
of Perfection" (1938-40) and in "Turkey Management"
(Marsden and Martin, 1949). Examples of these are: hackle,
cape, saddle, cushion, and sickles. Two of these, cape and
saddle, are used by Jull (1930).
Dorsal cervical and interscapular tracts.—The dorsal cervical tract in a young poult begins at the base of the head.
As the individual grows older, the contour feathers are
replaced by bristle feathers, the skin becomes red, and the

7

6

so-called naked skin of the head and neck develops. The
tract is still present, but less evident. The feathers beginning
at the carunculate skin of the neck are small but they increase in size toward the base of the neck up to the junction
with the dorsal tract.
Most of the feathers of the dorsal neck are similar to one
another in pattern, namely, they have truncate tips and
copper brown iridescent banding near their ends. A few at
the caudal end are narrower and more rounded on the tips,
and have a speckled pattern of brown dots or U-shaped bands
alternating with black, but these feathers are covered by
adjacent longer feathers. The broad lateral cervical apterium
is covered by the laterally directed feathers placed near the
margin of the dorsal cervical tract and also by the dorsally
directed feathers from the upper margin of the ventral
cervical tract. The markings and color pattern for feathers
implanted on both of these tracts are similar; therefore, the
feather coat of neck and breast blend together. There tends
to be a slight linear depression over the lateral cervical
apterium between the feathers from the dorsal and ventral
cervical tracts.
Dorsopelvic tract.—The beginning of the dorsal tract is
most easily located by pushing the feathers aside. This
locates the level at which the tract on the base of the neck
broadens laterally to become the dorsal tract. The feathers
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VÎII

-Upper major carpai covert
-Upper median carpal covert
Primary remiges I - X
Secondary remiges 1 - 18
Upper major primary coverts I - X'

FIGURE

Upper major secondary coverts l' - 18'
Upper median primary coverts VI-'X'
Upper median secondary coverts 1"- 18"

115. -Dorsal view of the remiges and the upper major and upper median coverts of hand, wrist, and forearm for the
Single Comb White Leghorn Chicken.
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down the middle of the dorsal and pelvic tracts have truncate ends bordered with white. Subterminal to this border is
a transverse black band, and proximal to it is a dark, iridescent band, 4 to 10 mm. wide.
The lateral borders of the dorsal pelvic tract are covered
by the scapulars of the humeral tract and by the wing.
These hidden feathers have practically none of the color
markings of those more medially placed. The ends of the
covered feathers are slightly more rounded and are bordered
by a very narrow margin of white but without black or
iridescent bands. These feathers are a flat, dark gray. These
feathers are directed laterally and caudally at about a 45°
angle and cover the dorsal part of the lateral body apterium.
Caudal tracts.^-The feathers of the pelvic region continue
to the dorsal surface of the tail. They are long and have
white, black and iridescent bands that are wider than those
on the anterior part of the pelvic region. Toward the base
of the feather are alternating dark-brown and dark-gray
transverse bands. These become more conspicuous in the
feathers of the dorsal caudal tract, and the iridescent part
may be 15 mm. wide. The iridescence is associated with the

ascending barbules of the feather and can occur only when
a flat vane is present; the details of the physical basis for
this type of color are discussed in chapter 7. When the light
strikes the feather from a certain angle, the iridescent band
may appear a metallic blue or green.
On the anterior surface of the oil gland, between the
large feathers of the upper caudal tract and the uropygial
papilla, are several transverse rows of dark-gray down
feathers. Some of these show organization into flat vanes
like contour feathers.
Distal to the oil gland and parallel to the rectrices is a
single row of upper major tail coverts that cover two-thirds
the length of the rectrices. In these, the black band is wider
than it is in feathers placed more anteriorly. This expansion
seems to be at the expense of the iridescent band distal to
it. On these upper major coverts, narrow brown transverse
bands are more abundant than in those placed more anteriorly, and in the alternating dark bands there is some
iridescence.
The bands in the upper major tail coverts expand on the
rectrices; each band is now conspicuously wider, and the
4
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VIII

Primary remiges I - X
Secondary remiges 1 - 18
Under major primary coverts I' - X
Under major secondary coverts l' - 13
Under minor primary coverts ■ 1st row I
Under minor secondary coverts - 1st row
(1'"- 13'" contours; 14"- 18"'down-like)

Posthumtral feathers
Under major carpal covert
Under minor carpal covert

116.—Ventral view of the remiges and under major and minor coverts of hand, wrist, and forearm. Two of the three
posthumeral rows are shown. The under median coverts are not shown because on the hand most of them are absent and
in the forearm they are hidden by the first row of under minor coverts. Single Comb White Leghorn Chicken.
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viir

Under
posthumcral
^coverts

Primary rcmiges 1 - X
Secondary remiges 1 - 18
Under major primary coverts I' - X'
Under major secondary coverts l' - 13'
Under minor primary coverts 1st row I - X
Under minor secondary coverts 1st row 1'"- 18'"
(r- 13"'contours; 14'"- 18"'down-like)

FIGURE

Under marginal
coverts of hand —'
Under major carpal covert
Under minor carpal coverts ■

Plumulaceous parts
of contour feathers ■
Under minor secondary coverts - 2nd row
Under minor primary coverts - 2nd row

117.—Ventral view of the remiges, under major coverts, first and second rows of under minor coverts and the ventral
row of posthumerals for the female Single Comb White Leghorn Chicken.

mottled brown on dark gray extends to the plumulaceous
part of the feather. When the tail is displayed, the rectrices
are elevated vertically and spread in a fan-shape nearly
180°. The upper major tail coverts are carried upward and
lie closely against the rectrices. The feathers of the dorsal
caudal tract and the caudal end of the pelvic tract are erected
also.
A row of upper proximal down feathers of the tail lies
dorsal to the bases of the upper coverts close to the necks
of the folhcles. These downs are short in the center of the
row and have relatively few barbs, whereas at the ends of
the row they are several times longer and much fluffier. A
row of very small upper distal down feathers of the tail is
present on the dorsal surfaces of the necks of the rectrix
follicles. Ventral to these follicles is a row of under distal
down feathers of the tail that vary widely in size.
The under surface of the tail bears approximately nine
transverse rows of follicles. The feathers of the most distal
row are the largest and are the under major tail coverts.
They have a band of white across the truncated tip and
proximal to that a slight iridescence. The under surface of
the central pair faces the under surface of the median rec-

trices, but all others of this row are set at about a 90° angle
facing toward the median plane.
The feathers of the next row, the under median tail coverts,
are shorter and have a larger plumulaceous portion, but
they carry the white band at the tip. The next two rows can
be considered as under minor tail coverts and are almost
semiplumes; the vanes are pennaceous only at the tip and
carry only a trace of white. These feathers are relatively
short, and those in the remaining rows are shorter still. The
last two rows form the dorsal half of the cloacal circlet.
These feathers are less than a centimeter long and, strictly
speaking, belong to the abdominal tract.
Ventral cervical and pectoral tract.—The ventral cervical
tract begins at the caudal end of the carunculate skin of
the neck and continues to the shoulder, where it continues
as the pectoral tract (fig. 75). The plumage pattern on both
tracts is the same. The feathers on the upper ventral neck
are short and have light-brown borders. Caudally, the
feathers increase in length; the brown border changes to
white; the black bands adjacent to the white and the iridescent area are wider and more definite than in the anterior
part of the neck. The feathers along the lower margin of
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the lateral cervical apterium cover the lower half of this
space. Near the midüne^ the feathers easily cover the narrow
ventral cervical apterium, but at the beard they spread
apart. At the base of the neck, and over the thoracic inlet,
the apterium is wide; within the space numerous large downs
and semiplumes are present. Normally, these are all well
covered by medially directed contour feathers from the
margins of the right and left ventral cervical tracts.
The feathers from the end of the pectoral tract extend so
far caudally that they cover at least half of the thigh. Along
the dorsal margin, the shafts of the feathers are directed
upward and abut the lower edge of the folded wing. On
the inferior margin, the feathers of the pectoral tract are
directed medially and cover most of the feather coat of the
sternal tract; in so doing, they cover completely the pectoral
apterium.
Sternal and abdominal tracts—The feathers of the sternal
tract are plumulaceous contours. Small feathers that He
adjacent to the broad sternal apterium are covered by somewhat larger ones, some of which have a narrow margin of
white on the tips. These are directed medially and caudally
at about a 45° angle and effectively cover the sternal apterium, especially in its posterior part. If in the anterior
part of the keel the skin has thickened and a breast blister
has developed from the sternal bursa, then the bare skin of
this part of the sternal apterium and the feathers lateral to
it cannot cover the bare area.
At the caudal end of the sternal tract, the feathers are

transitional to the semiplumes forming the fluff in the median
abdominal tract. At the feather tip is a semblance of a pennaceous vane, but the barbs are so far apart that the space
cannot be spanned by barbules. Furthermore, the barbules
have the characteristics of down barbules and do not bear
hooks and flanges typical of the flat vanes of contour feathers.
Somewhat lower on the shaft the barbs are closer together,
but the barbules are still of the down type. The barbs that
form the rounded ends of the fluff feathers are crossed by
bands of white, but the barbs are so widely spaced that the
effect of the white is largely lost.
On each side of the abdominal tract is the lateral abdominal apterium. The groin groove between the inner surface of
the thigh and the side of the abdomen is deep and narrow,
and the two skin surfaces are so close together that the
plumage is reduced to a few short downs, and much of the
skin is bare.
Toward the cloaca, the abdominal tract feathers become
shorter, and the row on the anterior lip of the vent is the
shortest of all; but these feathers are considerably longer
than those on the posterior lip referred to in our description
of the feather coat of the tail.
Lateral body ¿rad.—The lateral body apterium is large but
not as bare as in some smaller birds; short downy contour
feathers are present in the bare area at the anterior end of
the shoulder. These have relatively large afterfeathers. Long
semiplumes form several vertical rows in front of the thigh.
These lie on the lateral body apterium, near its caudal
Under minor
carpal covert
Under major
carpal covert

Upper median carpal covert
Upper major carpal covert

Upper median
secondary covert
Upper major
secondary covert
Under major

secondary covert
Carpal remex

Under major primary covert
Carpal remex

Carpal remex
Upper median
primary covert
Upper major
primary covert

Carpal remex

FIGURE

118.—Typical condition and variations observed in the carpal region for the Single Comb White Leghorn Chicken.

A, dorsal view of a typical arrangement of carpal remex and upper
major and upper median carpal coverts.
B, ventral view of a typical arrangement of under carpal feathers.
C, dorsal view of a specimen in which the upper major and upper
median carpal coverts were absent.

D, dorsal view of a specimen in which the upper major and upper
median carpal coverts were absent for the feather labeled ''carpal
remex," but which has a second carpal remex, indicated by the
asterisk. The latter feather had both upper major and upper median
carpal coverts.
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Row of upper distal secondary downs

A i

Upper proximal secondary down
Carpal remex
Row of upper distal
primary downs
Upper proximal
primary down

Upper major primary covert
Primary remiges I - X
Secondary remiges 1 - 17
Alular remiges l'- IV'

FIGURE

Upper alular downs
secondary covert

Upper major alular covert

119.—Dorsal view of distal down feathers on the hand and forearm of the Single Comb White Leghorn Chicken.

margin. Across the middle of the apterium extends a band
of moderately large contour feathers and semiplumes that
have continuity with the small contours transitional to
downs that cover the shoulder. These lateral body tract
feathers are separated from the semiplumes by a large bare
space just anterior to the thigh.
Femoral and crural tracts.—The femoral tract depicted by
the boundaries in figure 74 is relatively small, and the pelvic

Primary remiges
Alular remiges

Row of upper proximal secondary downs

I - X

Secondary remiges

apterium above it is correspondingly large. These observations are supported by the study of feather musculature
(fig. 268). We suggest that large apteria occur around the
femoral tract because much of the thigh is covered by
feathers from other tracts; those apteria dorsally are separated by feathers from the dorsopelvic tract; those ventrally,
by the pectorals; and all of the lateral pelvic apterium by
the wing. The feathers in the lateral pelvic apterium are

1 - 19

I - IV'
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— Carpal remex

12 11 ^^

Row of upper proximal
primary downs

y**"*j

'—Upper maior
primary covert
Upper major alular downs

Upper major alular covert
C J'á.^roz.

FIGURE

120.—Dorsal view of proximal down feathers on the hand and forearm and of upper alular down feathers of the Single
Comb White Leghorn Chicken. See figure 123 for more details on the upper alular downs.
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-Carpal remex

5 6 7 Ô 9

Primary remiges I - X
Secondary remiges 1 - 18
Under distal primary downs
Alular remiges I'- IV'

FIGURE

I - IX

C-Tä/»mz.

121.—Ventral view of the under distal primary down feathers of the Single Comb White Leghorn Chicken.

long, large semiplumes without distinctive markings or color.
Within the femoral tract are implanted contour feathers
with white edges, black bands, and iridescence. The tips of
these feathers diverge and encompass a sector equal to about
an eighth of a circle; those on the dorsal margin and from
the infracaudal margin are directed backward. As in the
chicken, feathers from the infracaudal margin cover the
entire abdominal fluff and hide it from lateral view. Ventral
to this the contour feathers on the lower portion of the

femoral tract cover the outside surface of the knee and the
outer surface of the upper half of the crus.
A large crural apterium separates the femoral and crural
tracts along the caudal margin of the thigh and is continuous
with the lateral pelvic apterium. It also is continuous with
the bare area on the medial surface of the shank, the intracrural apterium. The feathers within this apterium vary from
small to large semiplumes, and some are like down feathers.
They point directly toward the hock joint as do the contours

■ Carpal remex

5 6 7 Ô 9 10

^ MiümiiwiaiiiiiiM
Under median primary covert
Under major carpal covert

Primary remiges 1 - X
Secondary remiges I - 18
Alular remiges I - IV'
Under median secondary coverts

1*- 11'

— Afterfeathers of under
median secondary coverts
Under minor secondary covert
St row

122.-Ventral view of some under coverts of hand, wrist, and forearm of the Single Comb White Leghorn Chicken.
Most of these are plumulaceous, and all are the reversed type like the under major primary and secondary coverts.
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on the outside and anterior surfaces of the crus. Approaching
the hock they become progressively shorter. These feathers
have a margin of white but otherwise are a dull gray.
Brachial tracts.—The interscapular feathers of the turkey,
like those of the chicken, cover the scapular apterium, and
the humerais spread out to cover the humeral apterium and
the adjacent upper marginal coverts of the prepatagium.
Therefore, the humerais between the wing-front and the
scapulars spread out over about one-quarter of a circle. The
colors of the humerais are like those of the back and cape.
These contrast with the feathers of the posthumeral tract
that are covered by the scapular part of the humerais.
The posthumerals are contour feathers with rounded tips
and with vanes crossed by mottled bands of brown. The
hue contrast is helpful in determining that there are approximately nine feathers in a posthumeral row. As in the
chicken, the row with the longest feathers lies in the middle
of the three dorsal rows. In the turkey, no apterium separates
these from the adjacent upper marginal coverts of the
prepatagium.
The relationship of feathers in the closed wing is the same
as in the chicken. One may apply the same terms—"wingbow" to the marginals, "wing-bar" to the first two rows of
upper secondary coverts, and "wing-bay" to the distal ends
of the secondary remiges.
The primary, alular, and secondary remiges are crossed by
white bands on a black background. Much of the white is lost
before the 12th secondary is reached. This secondary and the
13th show iridescence ; but from the 14th secondary to the end
of the row the feathers are mottled brown on black, which
is characteristic of feathers hidden by those lying on top of
them.
The arrangement of the upper primary and secondary
coverts (figs. 76 and 77) in the turkey is sufficiently similar
to that of the chicken (figs. 68 and 69) so that detailed description need not be repeated. As mentioned on page 124,
there is a 10th upper major primary covert of the hand as
well as an adjacent upper marginal covert, so that by counting backwards it is possible to identify with certainty the
first upper major primary covert. Confirmation that the
identification is correct comes from the hue patterns of the
feathers; the alternating black and white banding of the
upper major primary coverts carries through to the 10th,
even when the distal upper major coverts are covered by the
first alular remex, whereas all of the upper marginal coverts
have the flat gray associated with hidden feathers.
The dark brownish gray in the upper median primary
coverts merges with a similar color in the upper marginal
coverts of the hand. Both the median and marginal coverts
have a conforming overlap.
In the chicken the carpal remex resembles an upper major
primary covert in size and appearance, but in the turkey
the carpal remex is a small contour feather. In the chicken,
the upper major carpal covert is conspicuous by its large
size (figs. 107 and 113), but in the turkey it is a short, downy
semiplume. The carpal remex has a few white spots but
the covert is a dull gray.
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123.—Dorsal surface of digit II from a Single Comb
White Leghorn Chicken. A down feather is implanted on
the follicle wall of three of the four alular remiges.
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Most of the upper major secondary coverts have a conforming overlap, but in a molting hen the fourth is contrary.
All of the upper median secondary coverts have contrary
overlap except those at the cubital end, where they are
stacked. The adjacent lower minor coverts and marginal
coverts have a mixed overlap and many of the feathers are too
spread apart to have any overlap. The marginal coverts
near the edge of the prepatagium generally have a conforming overlap.
Differences in feather color make the study of the under
surface of the wing particularly interesting. As in the chicken,
the under major primary coverts of the turkey have conforming overlap and the feathers are reversed. Reversal is
clearly evident; the upper surface adjacent to the remiges is
dark gray and the rachis on this side is a dark brown. On
the ventral or exposed surface, the feathers are light gray
and the rachis is white. On this surface there is an exceedingly small afterfeather.
When we studied the plumage, the feather labeled first
under median primary covert in figure 78 was found to have
an unreversed orientation. On the basis that under major
and median coverts are always reversed, we assumed that
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this feather must be a misplaced minor covert^ but when
we studied the downy under median secondary coverts, we
found that they also had an unreversed orientation. This
same row in the chicken had reversed orientation. It seems
that about the only satisfactory interpretation to be made
from these facts is that in the turkey only one row of feathers, originally located on the dorsal side, has been carried to
the ventral surface. It seems that Bates, Steiner, and others
who have studied this problem on so many species of wild
birds might have added valuable material and information
if they had also included the domestic chicken and turkey.
The two rows of under minor secondary coverts are sufficiently similar to those of the chicken so that they need not
be discussed. The under forearm tract is composed of two
or three rows of feathers directed at about a 45° angle toward the posterior edge of the wing and toward the elbow.
Scattered large down feathers may be found in the under
prepatagial apterium. Here the afterfeather is as long as
the main feather. This feature is often mentioned in the
literature as a characteristic of feathers in the Emu (Dromiceius novaehollandiae). In this bird the main feather and
afterfeather are long, narrow, and tapered to a point;
whereas in the down of the turkey, the main feather and
afterfeather are broad and rounded. The relative length of
the afterfeather to that of the main feather can vary in the
same individual (i.e., turkey) from lengths that are equal to
a total absence of the afterfeather. Only in some feathers in
some birds is it a characteristic of small semiplumes and
downs to have long afterfeathers. Those feathers on the
under surface of the shoulder of the turkey have afterfeathers
as long as the main feather but not as wide. The subject of
variable ratios in length between the main and afterfeathers
is discussed more fully in chapters 5 and 6.
Common Coturnix
The Common Coturnix is the third galliform whose ptilosis
we have studied. The basic principles for the three species
are the same; therefore, no attempt is made to cover this
subject in detail; instead, only the most significant differences are mentioned.
Dorsal and ventral neck.—The foUicles of the dorsal cervical
tract are scattered irregularly, but it appears that all the
rows are directed laterocaudally from the midline as in the
turkey. Therefore, any separation between the dorsal cervical and interscapular tracts is arbitrary. On the side of the
neck, the feathers above and below the border of the lateral
cervical apterium are directed toward each other across
this space. The apterium when fully exposed is relatively
broad. Normally, in the living animal the apparent width
of the unfeathered area on the side of the neck is merely a
narrow band. This is due to the fact that the dorsal portion
is folded under the dorsal cervical tract as in the Great
Horned Owl. The ventral portion forms a deep groove on
the dorsal surface of the cervical patagium, which brings
the dorsal and ventral cervical tracts close together. Therefore, the space spanned by these feathers is small. The Hght

brown plumage of the ventral neck blends with the dark
brown plumage of the dorsal neck. The transition is gradual
on the side of the neck.
Dorsal and pelvic tracts.—The feathers of the interscapular
tract overlap those from the anterior end of the dorsal
tract. There is a distinction in the colors of the feathers from
these two tracts. The brown in the interscapulars is slightly
lighter than that in the feathers of the dorsal tract. The
narrow apterium along the middle of the back (dorsal and
median pelvic apteria) bear small gray semiplumes, covered
by striped feathers directed across the apteria from each
side.
From each lateral margin of the pelvic tract, the feathers
spread outward and cover a lateral pelvic apterium and the
upper part of the femoral tract. The apterium is actually
covered by gray contour feathers rather than by the striped
feathers externally visible. The striped contour feathers at
the caudal end of the pelvic tract are long; they cover all
the feathers of the upper caudal tract, the oil gland, the
upper major tail coverts, and the basal parts of the rectrices.
Ventral surface of the body.—The tan ventral neck feathers
become an even lighter tan in the pectoral feathers. Those
at the anterior end of the pectoral tract are short; caudally
they are long and are directed upward on the outer margin,
where they partially cover the lateral body apterium and
the femoral tract. These feathers are as long as the tract
itself and cover the lower half of the thigh; the remiges of
the wing cover the upper half.
The feathers along the medial margin of a pectoral tract
overUe the adjacent pectoral apterium but do not extensively cover the very short feathers of the sternal tract. An
exceedingly narrow sternal apterium is present and is fully
covered, although the feathers along its border are not
directed medially. There is a gradual transition toward
longer feathers at the caudal end of the sternal tract that
continues on to the abdominal tract. As in the fluff in the
turkey, the terminal barbs stand apart, giving a coarse
effect to the surface of the fluff.
The groin groove is relatively deep, and the inner surface
of the thigh contacts the lateral surface of the abdomen, so
that the feathers in the groin are small and plumulaceous.
Only as one approaches the lateral margin of the medial
abdominal tract do the feathers become densely distributed
and slightly larger. Some of these are small contour feathers,
but it is probably more realistic to regard all of the area
lateral to the strong abdominal tract as lateral abdominal
apterium, as labeled in figure 82.
Posterior appendage tracts,—The femoral tract on the
quail is relatively large compared to that on the turkey, and
the lateral pelvic apterium is correspondingly narrow, yet
the same placement of short to long feathers is present in
both kinds of birds, irrespective of size. The feathers in the
anterior part of the femoral tract are short and are covered
by the feathers of the pelvic and pectoral tracts, whereas
the uncovered feathers more caudally located are longer,
especially those from the infracaudal margin of the femoral
tract. Contoiu- feathers from the lower part of the tract
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cover the knee, the crural apterium, and part of the anterior
surface of the shank, as in the chicken and turkey. The
feather coat of the shank is similar to that of the chicken
and turkey. The rather large intracrural apterium is only
partially covered by adjacent contour feathers.
Anterior appendage tracts.—The humeral tract is basically
like that of the chicken and turkey; the anterior feathers
are short, and the longest feathers project beyond the metapatagium to fill the space between body and secondaries,
when the wing is extended. Located beneath the scapular
part of the humerais are the posthumerals that contribute to
filling the gap between the body and wing. These posthumerals, overlaid by the humerais, are a light grayish
brown without pattern. Their appearance easily distinguishes
them from the dark-brown banded feathers of the humeral
tract. There are three rows of posthumerals—two on the
dorsal surface and one at the edge, slightly on the ventral
surface. The posthumeral quills arise from the middle of
the three rows. These feathers are shghtly longer than those
of the first row. The under coverts are a row of gray and
white downs.
The subhumeral tract is composed of double or triple
rows of white feathers, those of the posterior row being
much the longer. The feathers of the middle row are about
half as long; those of the anterior row are short, but are
still typical contour feathers. As in the turkey, the whole
group serves as under coverts to the feathers of the posthumerals and humerais that project beyond the edge of
the upper arm.
The exposed (distal) vane on primaries and secondaries
carries the banded pattern typical of feathers on the coturnix wing. The proximal vane, lying below, shows faint
traces of the pattern, but this is not pronounced. The upper
major primary coverts are partially covered by the alular
remiges, especially by the first and second; these remiges
have a mixed pattern of bars and streaks. To the extent
that they overlap the upper major primary coverts, they
reduce the area of ñat grayish-brown characteristic of the
coverts. The upper major primary coverts have a conforming
overlap. The afterfeather is reduced to a few barbs that
arise from the rim of the superior umbilicus.
The upper median primary coverts are sm.all rounded
contour feathers that fail to overlap the major coverts and
hardly cover the basal ends of the follicles of remiges and
major coverts. As shown in figure 84, they do not form a
complete row; seven or eight appears to be a typical number. All have a conforming overlap. They have afterfeathers
about as rudimentary as were found on the upper major
primary coverts.
The carpal remex and its covert are very small. In the
chicken and turkey, the remex and its covert lay close to
the follicles of the first primary, but in coturnix the carpal
remex lies near the middle of the carpal postpatagium. The
remex is a light gray contour feather, about 1 cm. long. Its
upper major carpal covert is sUghtly larger than the remex.
It lies at the proximal end of the upper median primary
covert row.
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Conspicuous on the dorsal surface of the wing is the first
secondary (axial feather) and its upper major covert. In
the flexed wing, the first secondary extends distally above
the first primary or the first and second primaries. Its tip
lies about midway between the unattached ends of the
remiges and of their major coverts. Its upper major covert
of the first secondary swings distally beyond the first secondary and along with the alular quills covers some of the upper
major primary coverts. All the feathers of this row of secondaries have conforming overlap. This can be readily confirmed
even when feathers are displaced because, like the remiges,
they carry a strongly patterned distal vane and a less colorful
proximal vane. The afterfeather is nearly half the length
of the main feather.
The upper median secondary coverts have a contraryoverlap, although the 10th feather in the row may maintain
a conforming overlap. These have well-developed afterfeathers that are more than half the length of the main
feathers. The upper minor secondary coverts and the row
above it have an irregular overlap, but the small upper
marginal coverts of the prepatagium maintain a conforming
overlap. The afterfeather is smaller in the small marginals
than it is in the large ones.
The under major primary coverts have reversed orientation, but the under minor primary coverts have unreversed
orientation. The former have conforming overlap, the latter,
contrary overlap. The exposed (ventral) surface of the
under major primary coverts matches the brownish gray of
the exposed portions of the vanes of the under surface of
the remiges. In contrast to this, the under minor primary
coverts that form the next row anterior are a light tan.
There are no more than one or two under median primary
coverts, as shown in figures 85 and 86.
Based on our study of the dorsal and ventral surfaces of
the rachis, the under major carpal covert seems to be unreversed. The under major secondary coverts are reversed
and have conforming overlap. The relatively few under
median secondary coverts are semiplumes or even downs at
the cubital end of the row and semiplumes or small contour
feathers at the carpal end. They have reversed orientation
but no afterfeather, and the several feathers near the carpus
show a contrary overlap. The first row of under minor secondary coverts has a contrary overlap; the second row of the
very small feathers apparently has the same; but in many
places the feathers are too small to touch or to overlap one
another. The under marginal coverts of the prepatagium
have a contrary overlap, no doubt because they tend to be
oriented in a distal direction.
White Pekin Duck
The domestic duck exhibits many differences from the
chicken, turkey, and Common Coturnix. It was noted in
the study of pterylosis (figs. 88 through 90) that the duck was
more extensively covered with contour feathers than were any
of the galliform birds studied; that apteria were absent or
small except for the lateral body apterium; and that the down
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feathers were so abundant that if all of the contour feathers
were removed, the skin would still be fully covered except in
a few placesj chiefly the upper neck and head. The all-white
feather coat of this variety of duck limits the description of
plumage to such items as the character of the feathers, the direction of their shafts, the feathers that they cover, the
feathers that cover them, and the transition among contours,
semiplumes, and downs. Many plumage areas for the domestic goose and duck have been named in labeled diagrams
(Jull, 1930). The feathers of the duck have afterfeathers that
are limited to a tuft of umbilical barbs. The absence of an
afterfeather with aftershaft is a distinct handicap in the
study of the ptilosis of the anserines. This feature was much
used in the ptilosis study of galliforms.
Dorsal and ventral neck.—It was pointed out in the study
of the pterylosis of the head of the duck (fig. 58) that
very few down feathers are present on the head; nearly
all are small contours. This also holds true for the upper
neck. The contour feathers are relatively short and are
closely packed. The basal halves are narrow and are not
plumulaceous; the distal halves are broader, and the barbs
here become spread increasingly far apart along the rachises.
This type of feather continues to the level of the cervical
patagium, where it increases in length and breadth and
takes on the characteristics of a typical contour feather.
The barbs at the basal end are long, and those forming the
vanes are closely packed and are not spread apart. In the
interscapular tract, the plumulaceous barbs at the base
become very long and the vanes wider.
On the lower side of the head the interramal region has
closely packed miniature contour feathers, with a minimum
of plumulaceous bases. The feathers of the submalar tract
are longer than those of the interramal tract, the basal
halves of the feathers are relatively narrow, and the barbs
of the distal half are close together. This type of feather
continues a short distance down the neck; toward the lower
end, the feathers undergo a transition to the contour type
and have long plumulaceous barbs on the basal end of the
rachis. In the area of the thoracic inlet, the feathers as a
whole become much larger than those placed more anteriorly on the neck.
The feathers on the side of the neck near the head are
structurally intermediate between those on the dorsal and
ventral surfaces of the neck. They retain the narrow bases
characteristic of both dorsal and ventral cervical tracts. On
the distal halves of these feathers, the barbs are farther
apart than are those of feathers on the ventral side of the
neck, but not as far apart as are the barbs on the feathers
of the dorsal side of the neck. Spreading of the distal barbs
becomes greater about half way down the side of the neck.
At the lower end of the neck the feathers are large. The
barbs are long and plumulaceous on the basal halves, but
those on the distal ends of the rachises are placed close
together.
The directions of the shafts follow about the same pattern
found in birds that have a distinct lateral cervical apterium.

Shafts on the lateral margin of the dorsal cervical tract
point downward and backward, and those on the ventral
cervical tract point upward and backward. The feathers
from the two tracts meet at about the dashed line shown on
the side of the neck in figure 89. Here the feathers project
directly outward and produce a ridge of feathers, which
can be easily eliminated by stroking the feathers. The ridge
of feathers continues forward on to the side of the head,
above the ear opening, and below the lid opening. Down
the side of the neck, this ridge disappears, and the feather
shafts generally parallel the axis of the neck, although on
the lower end of the ventral neck they are directed somewhat
laterally away from the midline.
In the midhne, namely, in the area of the ventral cervical
apterium, the plumage may curve inward, producing a
median groove. The apterium is closely packed with downs,
and these are overlaid by contours from the tracts adjacent
to the apterium. The longer feathers at the base of the neck
are strongly arched, even as much as 135°. On the other
hand, the small feathers on the anterior neck are only
slightly curved.
Dorsopelvic tract.—The feathers of the back uniformly
overlap those caudal to them. They form one continuous
cloak, and a grouping of feathers into specific, named areas
is absent. Even the lengths of the feathers are about the
same throughout the back. The curvature of the shaft toward the skin varies from about 45^ to 90°. The feathers
point directly caudally, but those near the lateral margins
of the tracts tend to curve medially. This direction is opposite that found in the galliforms,
Pectorosternal and abdominal tracts.—An especially dense
coat of contour and down feathers is present on the ventral
surface of the body. The feathers are so closely spaced that
the contour feathers cannot decline against the skin. Instead,
they are implanted perpendicular to the skin. When each
feather reaches the surface of the plumage layer, it curves
backward, flat against the surface, so that the shafts of most
of the feathers bend 90° or more. The longest contour feathers arise from the lateral margin of the pectoral tract. They
abut the inferior edge of the closed wing, and in their caudal
projection they cover the knee and much of the shank
plumage. These feathers have some barbs emerging from
the edge of the superior umbilicus, but an afterfeather with
aftershaft is not present.
The plumage on the ventral surface of the body between
the legs is even denser than that on the anterior end of the
pectorosternal tract. The feathers in the latter area show a
narrowing of the basal half of the feather; the barbs remain
long but are directed toward the tip and are folded toward
the shaft. The plumage layer of the abdominal region is still
denser than that on the more anterior ventral parts of the
trunk, the contour feathers are shorter, and the shafts are
more delicate. As before, they are implanted perpendicular
to the skin and turn caudally at the surface of the plumage
feathering pad, but only for a short distance. The curvature
of the shaft is about 45° in the anterior part of the abdomen
and about 90° in the more caudal part beyond the level of

PTILOSIS
the thighs. The barbs from the basal half of a contour feather
are long but curve upward over the shaft, thereby reducing
the apparent width of this part of the feather.
The free ends of the feathers have barbs that appear to
be bare when viewed with the unaided eye; but under a
hand lens tiny barbules can be seen, except at the tip where
the barbs are entirely bare. This modification of the feather
seems to be present on nearly all the contour feathers of
the male. This modification is more prevalent and conspicuous in chicken feathers than in duck feathers. In the female
duck, barbules are present, although somewhat less well
developed than in the male. The difference between feathers
of male and female ducks is not as great as observed in
hackle feathers of male and female chickens.
The cloacal circlet is absent in the duck; the cloacal opening is surrounded by down feathers, especially anterior to
the opening. Immediately posterior to the dorsal lip of the
vent, contour feathers are again present.
Caudal tracts.—The tail is relatively longer in the duck
than in the chicken or turkey. Therefore, the dorsal and
ventral surfaces are larger. The conical shape of the posterior
end of the body of the duck masks the beginning of the tail,
but it can be readily palpated. The anatomical boundary is
indicated on the pterylosis drawings (figs. 88 through 90).
The plumage at the base of the tail is about 10 cm. across
in an adult duck. The stiff contour feathers of the anterior
end of the dorsal caudal tract overlap the surface of the
tail as far posteriorly as the coverts; when the tail feathers
are elevated, the oil gland and its duct are exposed. These
organs (gland eminence and duct) are covered and surrounded by contour feathers 3.5 to 7.5 cm. long. Their
shafts are much narrower than those in a contour feather
of the same length from the pelvic tract. On the tail this is
probably because the barbs are widely spaced from the tip
to the base of the rachis. These feathers surround the oil
gland duct symmetrically and give to that area about the
same appearance as ñuff on the abdomen of the chicken,
and if a name were needed, it could be designated the dorsal
caudal fluff.
Caudal to the fluff is a row of upper major tail coverts.
There are approximately 10 of these on each side. Laterally,
it is hard to tell where the row ends because the type of
feather forming these coverts continues on to the thigh. The
medial pair is longest and is rotated 90"" so that the curved
shafts face the median plane. All the other coverts are stacked
the same way, including those on the part of the thigh
adjacent to the tail. This adds to the difficulty of determining the exact number of upper major tail coverts. A row
of upper median tail coverts does not exist except as the
first row of fluff feathers, and these project upward from the
skin surface rather than caudally.
There are 10 pairs of rectrices in the adult male; the tips
of the median pair are slender and pointed, and the shafts
are curved back on themselves about 180°. Each rectrix in
position two also has a pointed, tapering tip, but the shaft
is not greatly curved. The tips of the remaining rectrices
have blunt points and the shafts curve medially.
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A broad expanse of feathers arises from the ventral caudal tract and fills the triangular area between the vent and
the rectrices. There are no well-defined rows of under tail
coverts. The feathers in the center, for several rows deep, are
the longest and stiffest, and they are cupped upward against
the under surface of the rectrices. The feathers on the rows
near the vent are progressively shorter; they all are typical
contour feathers with a plumulaceous basal half and a distal
half with flat vanes on each side of curved shafts. The bend
of the shaft is about 90"". This curvature aids in keeping the
feathers pushed against the upturned tail.
Lateral body tract and apterium.—The wing, when folded,
is long, and it covers the side of the body. A great deal of
the lateral body apterium lies below the very long feathers
of the subhumeral tract. As expected, with this effective
covering in a bird that has such an abundant under coat of
down feathers, the lateral body apterium is packed with these
downs. In this dense sea of downs, a row of several contour
feathers, each longer than the surrounding down feathers,
extends from the proximal end of the subhumeral tract
across the lateral body apterium to the pectoral tract. These
feathers are of various lengths but some measure 10 cm.
They are somewhat more delicate than the large ones of
the subhumeral tract.
Posterior appendage tracts.—The thigh is covered by the
folded wing, while the knee and crural tract are covered by
feathers from the superior margin of the pectoral tract. As
one might expect when the leg is covered so effectively, the
leg has plumulaceous contour feathers. The flat vane structure is limited to the tips of the feathers. When the femoral
tract feathers are pressed against the leg it is hard to determine the distribution of the types that may be there, but
by ruffling the feathers toward the head in an anesthetized
bird, the flattened vane tips stand out. A few small contour
feathers can be seen anterior to the thigh. Some feathers
from the infracaudal margin of the femoral tract are up to
8.0 cm. long, but they are soft and half plumulaceous rather
than stiff as were the rear body feathers of the chicken.
These soft feathers from the caudal margin of the femoral
tract merge with similar feathers from the side of the tail.
Near the knee the feathers are directed downward, but in
the middle femoral region they are directed backward. The
knee is covered by plumulaceous contour feathers. On the
lateral surface of the crus they are somewhat longer—^up to
about 6.0 cm. Most of them are directed downward toward
the hock. Adjacent to the hock the crural tract feathers
become very short and end about 8 mm. above the joint.
At the transition of feathers to scutes a minute down feather
emerges from the lower corner of each scute. On the inner
and posterior surfaces of the shank, in the area of the intracrural apterium, the contour feathers disappear and only
down feathers are present.
Brachial tracts.—The feathers from the humeral, posthumeral, and subhumeral tracts are large. Those of the
humeral tract spread about 90° like a fan. Those at the
anterior end are short and are directed distally along the
leading edge of the wing. When the wing is strongly flexed,
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the tips of these feathers lie above the wrist joint. More
eaudally other feathers cover most of the upper marginal
coverts of the prepatagium. The longest feathers are at the
posterior end of the humeral tract. In the chicken these
form the scapulars, which term could probably be applied
to the duck also, although they do not stand apart as distinctly as they do in the chicken. As a group, the humerais
cover at least three-fourths of the forearm plumage in the
folded wing. All the feathers of the tract have curved shafts,
which range from 90'' for the short ones at the anterior end
to about 45^ for the long ones coming from the metapatagium. The shorter feathers have a greater proportional
length of naked or nearly naked barbs at the tip than have
the longer feathers.
There are about seven posthumeral quills. The longest
are in the center of the row; the shortest are adjacent to
the elbow. The latter ones overlie the small secondaries at
the proximal end of the row. On superficial examination it
would appear as if the posthumeral feathers were a continuation of the secondaries, but closer study shows that
they are a continuation of some row anterior to the secondaries. The caudal posthumeral coverts are stiff, typical contour feathers in the distal half of the row and are delicate,
lacy contour feathers in the proximal half. The anterior
posthumeral coverts are short and constitute one full row.
Between these and the quills near the cubitus, there may
be an intermediate row of a few short, downy feathers.
The subhumeral tract is composed of three rows. The
contour feathers at the proximal end of the posterior row
are 15 cm. long. At the opposite end of the row they are
half as long. The feathers of the intermediate row are approximately 4 cm. long. An average feather of the anterior
row is 2.5 cm. long. There may be a few contour feathers in
additional anterior rows, but the change to the down feathers of the prepatagium is relatively abrupt.
Alar tracts.—The closed wing may have two tips—one
formed by the secondaries and one formed by the primaries;
the secondaries extend to the end of the pelvic girdle and
the primaries, to the base of the rectrices. The most eaudally
extended secondary is the 12th and the most eaudally extended primaries are the ninth and 10th, the ninth extending backward slightly farther than the lOth.^ Usually the
tips of the most eaudally extended primaries overlap the
feathers of the upper caudal tract. In a semidomestic Mute
Swan, they may project well above the level of the back.
The feathers from the lateral margin of the pectoral tract
are turned dorsally and form a pocket or slot into which
the wrist and leading edge of the hand are snugly deposited.
The duck has 11 primaries, the 11th being the remide at
the distal end of the wing. It is a feather distinctly different
in size from the upper major primary coverts. It is about
three-fourths as long as the adjacent 10th covert.

3 Humphrey and Butsch (1958) found in the Labrador Duck that
the ninth and 10th were the longest primaries, and of the secondaries
they depicted the 14th as projecting farthest eaudally.

The primaries have narrow distal vanes and wide proximal
vanes. There is a sHght incisure on the inner vane of the 10th
primary. All of the primaries and the first four to six secondaries move together as a group and fold proximal to the
remaining secondaries in the closed wing. When the forearm
is held strongly fiexed against the humerus and the hand is
forcibly extended, these secondaries move out with the
primaries, seemingly tied in with the same ligaments that
spread the primaries. About half of the proximal primaries
sfide in medial to the first six secondaries so that in the
folded wing of the duck there are stacked three sets of
remiges, one above the other, the primaries being at the
bottom, secondaries 1 to 6 next, and the remaining secondaries on top of the stack.
The upper major primary coverts are slender, and their
shafts are parallel to those of the remiges. The shortest feather
of the series is at the carpal end and feathers 7 through 10
are the longest. As shown in figure 92, the row of upper
median secondary coverts begins with the third. It is not
possible, of course, to say why the feathers are absent at
the beginning of the row, but since these lie close to the
hub of an arc, they would, if present, certainly be crowded in
the flexed wing. In the extended wing, the space produced by
their absence is covered by the large first feather in each
row of upper major, median, and minor secondary coverts.
As shown in figure 91, the shafts of these secondary coverts
point toward the hand. The upper marginal coverts of the
hand are completely covered by the alular remiges and
alular coverts. The upper major primary coverts and the
upper median primary coverts have conforming overlap.
The upper minor primary coverts are too small to determine
the type of overlap.
There are at least four alular remiges. There may be a
small fifth at the basal end of the row; in figures 91 and
92, this is the feather that lies immediately anterior to the
upper median carpal covert. The upper alular coverts lie
nearly parallel to the remiges and are short and rather stiff,
Hke the small coverts on the edge of the hand. Some coverts
from the carpal region cover in part the short alular remiges
at the inner end of the row.
The carpal remex and its upper major covert are hard to
identify in the dense aggregation of downs in the carpal
region. The remex can most easily be located by first finding
the major covert. It is a typical covert about 7 cm. long
and, as shown in figures 91 and 92, points ahnost parallel
to the axis of the wing. Only by following it to the base
implanted in the carpal region can one be sure of the identification. When the major covert is Hfted, there will be found
a shorter feather about 5 cm. long that is almost entirely
plumulaceous. The downy barbs are curved toward the
shaft, making the carpal remex much narrower than its
covert. Probably the most distinguishing feature is this:
when the major carpal covert is Hfted, the remex comes
with it and superficially looks like a large afterfeather. The
upper median carpal covert has been identified as the feather
immediately anterior to the major covert. It covers the basal
half of the major carpal covert. These carpal feathers should
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be identified before a study of secondaries and their upper
coverts is begun.
The first secondary remex is as long as the second and is
not shortened as in the chicken and turkey. The secondaries
gradually increase in length up to the 12th (including the
missing fifth in the count). Those proximal to the 12th get
shorter abruptly. The last ones in the row are not as long
as the posthuraeral quills that cover them.
There is a complete row of upper major secondary coverts
as shown in figure 91. We made a special effort to find in
the extended wing some indication of an intercalated row
representing the first four secondaries that Humphrey and
Clark (1961: 372) diagramed according to Steiner's ideas.
We failed to find any indication of a shift anteriorly in the
pterylosis, nor did the ptilosis seem to offer support for the
idea. In Humphrey and Clark's diagram of the dorsal surface
of the forearm of the Mallard the secondary remiges and
major coverts show continuity for the full length of the
rows, but the first five feathers of the median row are shifted
posteriorly to form an accessory row. Our studies indicate
an interruption in the continuity of the upper minor secondary coverts and especially in the upper marginal coverts of
the prepatagium. The rows are not straight as diagramed by
Humphrey and Clark nor as we have shown them in figure 88,
but curve as shown in figure 91, and the curvature of the
rows seems to account for the interruption in their continuity. The same curving of marginal rows of the prepatagium is to be found in the pigeon (fig. 98), whereas in the
galliforms (figs. 68, 76, and 83) the rows parallel the basal
ends of the remex follicles much more closely.
Goodchild (1891) illustrated the upper surface of the wing
of a wild duck and stated that this anseriform as well as
representatives from other orders are (p. 332): '^Usually
with five Medians lengthened by the faulting sequence
upon the absence of the fifth cubital remex.'' Degen (1894)
referred to the fifth secondary as absent. With this guidance
from the hterature, we are ready to begin an examination
of the forearm plumage of the domestic duck. In the extended wing, the tips of the upper major secondary coverts
form a remarkably straight line; although one of these is
the covert for the missing fifth remex, there is no indication
by its appearance which is the fifth covert, so it must be
identified by counting.
All of these coverts, at least up to the 12th, have a contrary overlap. Those toward the proximal end of the row
have a conforming overlap. At the cubital end of the row
they tend to be stacked as in the chicken, so overlap in this
area is without meaning.
There is a complete row of upper median secondary coverts.
At the distal end of the forearm the feather rows curve
anteriorly. This upward curvature is still more exaggerated
in the minor and marginal coverts. The median row covers
the basal half of the upper major secondary coverts. Because the skin holding the median coverts is easily moved,
these coverts can assume various positions, but generally
there is a contrary overlap. When the wing is folded and
the first four through six secondaries slide behind those of a
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higher number, all of the upper coverts—^majors, medians,
and others—remain at the outside surface of the wing and
are not carried inward with the remiges. It is evident, therefore, that the secondaries, as the wing is closing, separate
into two groups, the break coming in the general area of
the ''missing fifth." Theoretically, the possibility exists,
therefore, that the flexion of the outer group of secondaries
in respect to the inner group may have, in effect, squeezed
the fifth feather out of existence. We have been unable to
find literature on the clustering of feathers in groups during
flexion of the wing. We reaUze that the implications of what
is said here go far beyond domestic birds, but it would certainly seem that a reexamination of the folding of feathers
of the wing on living specimens in eutaxic and diastataxic
species might bring to light a new facet in the interpretation
of the "missing fifth" secondary. This problem is discussed
further on page 192.
If lines were drawn to join the tips of those feathers that
constitute the upper median and upper minor secondary
coverts and the adjacent several rows of upper marginal
coverts of the prepatagium at the carpal region, the tips of
feathers would not he exactly on the exact same line. This
agrees with the slight irregularities in the placement of the
folhcles (fig. 91). The feathers in the vertical row adjacent
to the heavy dashed line in figure 91 are somewhat longer
than the others and they, with the carpal coverts, form an
effectual covering for the feathers of digit II. The overlap
of marginals and upper minor secondaries is not definite.
The small feathers along the edge of the wing appear to
have a conforming overlap.
The under surface of the wing presents problems associated with reversed and unreversed feathers. All 11 under
major primary coverts are reversed. Since there are no significant afterfeathers, it is necessary to base judgment on
the existence of a groove in the ventral surface of the rachis.
The overlap is conforming, but it is easy for a feather to be
shifted from one type of overlap to the other. The tips of
the under major primary coverts lie opposite the tips of the
upper major primary coverts.
The under median primary coverts also have a reversed
orientation. Adjacent to the carpus these feathers are about
half as long as the under major coverts, and near the distal
end of the row they are about one-third as long. It was not
possible for us to determine the overlap for this row because
the overlapping of the feathers was very slight and they
were easily shifted from one position to another.
The drawing of the pterylosis (fig. 93) shows only about
a half row of under minor primary coverts; four to six such
feathers seem to be a typical number. These feathers are
unreversed. The under marginal coverts of the hand lie
anterior to the underhand apterium, and their shafts point
toward the wing tip.
In figures 93 and 94 no under carpal coverts are labeled.
One of these, labeled first under median primary covert,
lies in the carpal region and probably should be designated
as the under major carpal covert. Examination of the feather
itself showed a contour exactly like that of the adjacent
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under median primary coverts ^ except that it was slightly
longer. It has the reversed orientation of the adjacent under
median primary coverts. However^ none of these facts prove
that it is not an under major carpal covert.
The under major secondary coverts are almost as long as
the remiges which stand in contrast to the very short major
secondary coverts on the upper side of the forearm. All the
feathers of this row have reversed orientation and conforming overalp.
If there is any evidence at all that there has been a shifting
of rows involving the distal five feathers, it should be found
in the under median secondary coverts. The pterylosis shows
this as a continuous unbroken row (fig. 94); the fifth under
median secondary covert is pointed in a direction slightly
different from the others. This is the only irregularity. In
the intact plumage, the first five or six feathers tend to
clump together as a group and point toward the carpus.
They lie on top of each other in a small stack. Beyond these,
the under median coverts point backward toward the elbow.
The stacking of feathers is an intricate maneuver as the
wing is folded. The distal group of five or six under median
coverts stays with the secondaries of corresponding number
and slides outside the under medians of higher number. In
this shifting hke an accordion/the seventh under median
covert is brought close to the carpal region.
All the under median secondary coverts have reversed
orientation. If there had been a migration of rows around
the trailing edge of the wing, as has been suggested for
species showing diastataxis, it would be expected that the
first four reversed under coverts would be affected also and
would be represented by either one row or by three rows,
depending on the direction which the rotation had taken.
It is hard to explain rotation when the same number of rows
is present both proximal and distal to the diastema, and
there are never more than two rows of reversed under coverts.
Common Pigeon
The pigeon has pigmented feathers, which add greatly to
the ease of studying feather groups; but the actual intensities
of color that may be present in the various feathers have
no significance. In the description of ptilosis that follows,
values of gray are mentioned frequently, rather than hues
or chroma of colors, because the specimens available had
feathers that were white, black, or slate. If others studied
pigeons colored differently, their descriptions of the colors
would not be the same as ours. They, however, would presumably do as we have done, namely use color dimensions
associated with groups of feathers and especially between
tracts as an aid in analyzing ptilosis.
Dorsal and ventral neck.—The head is covered with closely
placed soft contour feathers that end at about the beginning
of the neck. On the ventral side, soft gray plumage covers
the interramal and submalar regions. The feathers of the
head overlap those of the upper dorsal and ventral neck
for a short distance. The neck feathers in some specimens
show an iridescent green when light is reflected toward the

observer; otherwise they have the same intensity of gray as
have the feathers of the head. It is not possible to smooth
the ruffled feathers of the neck. This is due to the action of
the feather muscles, to the flexibility of the skin of the neck,
and to the rigidity of the feathers. Apteria are lacking on
afl surfaces of the neck. The neck skin is loose but not folded
as in the Great Horned Owl and in the Common Coturnix.
All the feathers point directly caudally, and there is no
tendency to form a ridge of feathers along the side of the
neck as was observed in the White Pekin Duck, where
feathers from the dorsal and ventral neck piled up because
they pushed against one another. Nitzsch (1867:109) described a lateral cervical apterium for Columba livia reaching
almost to the head. Such a space is shown in his illustration
of pigeon pterylosis. The only evidence for such an apterium
that we have found is a small area on the dorsal surface of
the cervical patagium that has continuity with the scapular
apterium.
The separation for the dark plumage of the neck from the
light plumage of the interscapular region coincides with the
transverse dashed fine that arbitrarily separates the dorsal
cervical from the interscapular tracts (fig. 95). This anterior
boundary of the interscapular tract is placed across the
dorsal neck shortly caudal to the beginning of the cervical
patagium. This would be about at the level of R'L' in figure
275 (p. 458). The interscapular tract branches at its caudal end
as shown in figure 95, a fact that was originally observed
by Nitzsch (1867), who showed a deep cleft between these
two points. The separation between the caudal end of
the interscapular tract and the beginning of the dorsal
tract is poorly defined because one tract continues over
into the other, but the feather coat shows the separation
very clearly in the specimens examined because of a color
difference. When the pigeon is at rest, the interscapulars He
as a pointed group of feathers down the axis of the back
and overlap slightly some of the humerais on each side of
the tract. When the wings are pulled apart and the humerais
are separated from the interscapulars, the feathers at the
caudal end of the interscapular tract pull apart and form a
pair of points corresponding to the points shown in the
pterylosis.
Dorsopelvic tract.—At the anterior end of the dorsal tract
. are short feathers entirely covered by the long caudal
interscapulars. Caudal to this the contour feathers overlap
in a regular manner, so that the curved tip of each feather
projects a short distance beyond the one that covers it. The
laterar margins of the dorsopelvic tract merge into the
powder downs in the lateral body and pelvic apteria. Some
feathers along the lateral margin of the tract cover the
adjacent short powder down feathers. The line of separation
can be distinguished more readily in a bird that has its
feathers clipped because of the fact that the powder down
feathers have very shallow follicles compared to the contour
feathers, and these are conically shaped rather than tubular.
In the pelvic area, the powder down feathers and contour
feathers producing powder continue to the base of the tail
and are overlapped by the pelvic contour feathers. In
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the specimens studied, the entire dorsocaudal tract carried
white plumage. At the caudal indentation there was an
abrupt shift to gray plumage, indicating that, although the
separation between pelvic and dorsal caudal tracts seemed
artificial when studying the pterylosis, there does exist
sometimes a color or a pattern basis for separating two
adjacent tracts having continuity. We assume that in some
specimens there would be color patterns that failed to agree
with tract boundaries as closely as described above.
Pedorosternal tract,—The pectoral and sternal tracts are
fused into one, as in the duck and many passerines (Heimerdinger, 1964), so that the broad breast, sternum, and abdomen are covered by an uninterrupted expanse of contour
feathers on each side. The only break is in the midline,
where there is a broad sternal apterium continuous with
the cervical apterium; caudal to this is a narrow median
abdominal apterium. On the ventral neck over the thoracic
inlet are small contour feathers; in most birds this space is
an apterium bearing down feathers. There is no interruption
in plumage color or pattern at the transition to the pectorosternals. The foUicles of the sternal part of the tract are
pointed medially so that the feathers cover the apterium,
but the shafts curve caudally so that the exposed tips of the
feathers appear to be parallel and point directly toward the
rear.
The feathers from the pectoral portion of the pectorosternal tract extend backward outside the leg, entirely covering
much of the lower part of the thigh. They merge with thigh
plumage that comes chiefly from the infracaudal margin.
The pectoral part of the tract extends laterally and dorsally
even farther than in the duck and continues to the base of
the wing. Feathers of the pectorosternal tract covered by
the folded wing are different from those of the central twothirds of the tract. Those hidden beneath the wing are the
equivalent of the lateral body tract of other birds and are
hght in color. The caudal boundary for this feather type is
very sharp, and there is no gradation from these to the
powder down feathers that follow. At the forward end,
namely on the shoulder of the lateral-body-tract portion of
the pectoral tract, the feathers are small and downy as
would be expected because they are covered by the cervicals.
Examination of pterylosis and ptilosis for the pigeon indicated that by the presence of certain differences, lateral
body, pectoral, and sternal tracts could be partially distinguished from one another. More substantial evidence that
the three tracts, although fused, are distinct comes from a
study of feather muscles (ch. 8, p. 459).
Abdominal tract,—From the abdominal tract to the
sternum the contour feathers undergo a gradual transition
to a type with fluffy tips that resemble semiplumes. These
feathers become shorter and more plumulaceous toward
the vent. The abdominal tract is broad, and there is no
division into a medial strong and a lateral weak tract. A
small lateral abdominal apterium along the extreme lateral
margin is closely packed with downs, some of which are
powder downs.
Around the cloaca are small contour feathers in at least
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two rows; in the central parts of the anterior and posterior
lips there may be four rows. The transverse portion of the
lateral abdominal apterium is found lateral to the vent; the
abdominal tract along its anterior side bears semiplumes
and contour feathers, and posterior to the apterium there
are down feathers.
Caudal tracts.—We indicated earlier that a sharp color
change in the feathers of one of the specimens examined
enabled us to separate the pelvic and dorsal caudal tracts.
This color difference made it evident that there was considerable overlap of the pelvic tract upon the dorsal caudal
tract. As shown in figure 95, there are several rows of folhcles
up to the oil gland duct. The feathers are imbricated and
close together. At each side of the dorsal caudal tract are
small contour feathers and semiplumes that are covered by
the rear body feathers of the femoral tract. The powder
down feathers end abruptly at the base of the tail, namely
at the border of the lateral abdominal apterium. There is a
sharp distinction in size between the feathers of the dorsal
caudal tract, and the upper tail coverts, the latter being
larger. These are described after the discussion of the rectrices. Six pairs of rectrices are shown in figures 95 and 97,
and this agrees with Clark's observations (1918b: 118) on
Columba and three other genera examined by him. He also
found that the number of upper major tail coverts was the
same as the number of rectrices; this we have shown in
figure 95. When the tail is closed, the rectrices and coverts
form a column. The upper major tail coverts form two columns of stacked feathers, one on each side. The feathers in
a column He nearly directly one above the other; the shortest
in the pile is the most lateral feather, and the longest is the
most medial feather. The three short rectrices of the six on
each side are entirely covered by feathers from the dorsal
caudal tract. These also tend to arrange themselves into
columns. The deck feathers are held flat in the folded
tail. They are not arranged like a ridge of a roof, as in the
chicken.
The feathers at the anterior end of the ventral caudal
tract are fluffy like the adjacent abdominals, but in the
successive rows posteriorly, they change to contour feathers,
whose tips are bordered by a narrow margin of barbs without
barbules. The ventral caudal tract and the under major tail
coverts tend to arrange themselves in two stacked columns
pushed against the under surface of the rectrices.
Alar tracts,—The color pattern of the dorsal surface of
the wing sometimes facilitates the study of ptilosis; one
Common Pigeon examined had white primaries and alulars
and gray secondaries. But this aid is lacking in a pigeon of
uniform color such as occurs in some fancy breeds and in
most ordinary breeds. There are 10 primary remiges. The
tips extend most caudally in primaries 8 through 10; 9 is
the longest. These form the tip of the wing; the tip comes
within about 3 cm. of the end of the tail, thereby extending
beyond the tail coverts. Each primary, proximal to the ninth,
is successively shorter, and in the folded wing they are
stacked to give a single row of feather tips. This occurs only
when the hand is fully flexed against the forearm.
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All the primaries except the 10th have an incisure (see
coverts to be contrary at the distal end of the row and config. 174, e, p. 261). The mdth of the distal vane is less in the
forming at the proximal end. In specimens that we examouter half of the feather than in the basal half. This difference
ined, the overlap seemed to be irregular and mixed perhaps
in width between the proximal and basal halves of feathers
because of some missing feathers.
carries over to the first several secondaries.
The overlap of the many rows of upper minor and margiThere are four alular remiges; the first is the longest and
nal coverts is mixed, probably without significance. The
each, central to this, is successively shorter. The tips, hke
feathers seem to be randomly distributed; some are in
those of the primaries, are stacked in the fully folded wing
parallel rows, and others tend to form columns of feathers.
and lie on top of the upper marginal coverts of the hand.
As in the duck, this tendency probably is related to the
Some of the upper alular coverts are longer than the fourth
fact that the rows curve anteriorly toward the leading edge
alular remex so that this feather is covered by long members
rather than paralleling a line established by the secondaries
of the alular coverts.
and their major coverts.
The tips of the upper major primary coverts in the exThere are 10 under major primary coverts. The first begins
tended wing are on a line with the tips of the secondaries.
on the proximal side of the first primary. These coverts
The eighth major covert reaches out farthest over the prihave a mixed overlap and reversed orientation. The inner
maries. All have a conforming overlap.
surface of the shaft is pigmented, and the outer surface is
In figure 99, the row of upper median primary coverts
in part a light gray and in part white. There is a shallow
have shafts that point toward the tip of the wing. They cover
groove in the shaft on the outer (ventral) side, hence they
the upper hand apterium. Their overlap is conforming. In
are reversed. The under major primary coverts extend the
both the folded and extended wing, they are entirely covered
same distance over the bases of remiges as do the upper
by the alular remiges and their coverts.
major coverts. The overlap may be different for the same
The upper carpal feathers are well developed in the pigeon.
birds examined on two successive days, and there are differThe carpal remex has the general appearance of an upper
ences between the right and left wing. If the complement of
major primary covert, except that it has a more plumulaceous
feathers in this row is complete, most or all the feathers
basal part. It may be covered either by the first upper major
have a contrary overlap, but if some are missing, the overlap
secondary covert or by the upper major carpal covert,
will be mixed. From observations Hke these we conclude
which is about 1 cm. longer than the carpal remex. The
that the direction of overlap may be inconstant in certain
upper major carpal covert is a typical contour feather and
locations.
points distally across the upper major primary coverts. In
Under median primary coverts are lacking in the pigeon
pigeons, where the primaries are white, the carpal remex
(fig. 100), and examination of the plumage reveals no downs
and its coverts are white. The upper median carpal covert
or rudimentary feathers that might represent this row. At
lies adjacent to an upper alular covert of nearly the same
the basal ends of the remex folhcles is the first row of under
size. In the flexed wing, all of these are folded under the
minor primary coverts. They form a complete row of 10;
secondary coverts.
their shafts are directed toward the tip of the wing and
Fifteen secondary remiges are indicated in figures 98 and
slightly caudally. Each feather has an unreversed or normal
101. The missing fifth is included in the count. The last
orientation. The overlap seems to be contrary, but the
two or three are small and readily merge with the coverts.
feathers are almost fully stacked, in which case there is no
Clark (1918b:419) found the same number of secondaries in
clear cut overlap one way or the other. The under minor
the Passenger Pigeon (Ectopistes migratorius). As shown in
primary coverts merge with the under marginal primary
the illustrations, there are 16 upper major secondary coverts.
coverts of the hand; these, Hke the minor coverts, have their
These coverts have a conforming overlap. When all the
shafts pointed toward the tip of the wing.
feathers are present, their row of tips is reasonably even;
The under carpal covert consists of but a single feather,
there is no evidence that the first four have been shifted or
at least as worked out in the pterylosis (figs. 100 and 101).
that they come from a different row.
However, immediately anterior are two feathers, the first
The upper major secondary coverts have gray and black
feather in each of the two rows of under minor primary
markings so arranged that unless the feathers are actually
coverts. We question whether these are under minor carpal
handled, it appears that the wing-bar is composed of two
coverts or, as labeled, under minor primary coverts. These
rows instead of one. The color pattern for the upper median
two feathers are identical in appearance with the under
secondary coverts is more apt to match the upper marginal
major carpal covert, a well-formed contour feather about 4
coverts. All the median secondary coverts do not end exactly
cm. long. These under minor coverts, in turn, resemble
on the same line, but we failed to observe an intercalary
under minor primary coverts, so feather appearance gives no
row among the minor coverts such as Pycraft (1904) depicted
clues. The under major carpal covert is strikingly different
in the Little Stint (Calidris minuta = Tringa minuta). Goodfrom the first under major secondary covert, which is dechild (1886:195) found the overlap of median secondary
scribed next.
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The under major secondary coverts are shorter than the
under median secondary coverts. They have reversed orientation and the same conforming overlap as the secondary
remiges. The distal vanes of the first 10 to 12 feathers slip
between the large overlapping vanes of the remiges. Associated with this is a plumulaceous distal vane and a pennaceous proximal vane. On the distal vane, there is a sharp
line of transition from plumulaceous to pennaceous texture.
It follows a curve, the pennaceous part is broadest about
in the middle of the feather, and at the tip is almost entirely
plumulaceous (fig. 224, p. 333). Near the cubital end of the row
of under major secondary coverts, the feathers change to typical contours with both vanes similar. This change occurs in
the area where the remiges become small and the coverts
and remiges become stacked. Another point that makes
these feathers different is the fact that they have a tuft of
barbs arising from the border of the superior umbihcus. A
more extensive description of these feathers is given on
page 333.
The under median secondary coverts are far longer feathers than the under majors, the longest of which may be 7
cm. These secondary coverts have a reversed orientation, as
judged by the presence of a groove in the outer (ventral)
side of the shaft and darker pigmentation on the inner side.
The overlap is contrary.
There are two full rows of relatively large under minor
secondary coverts (fig. 101). All these, as well as the marginals, have unreversed orientation. The longest feather of
the first row is about 4 cm. The predominant direction for the
shaft is toward the trailing edge of the wing, and, although
there are irregularities of overlap, generally it is conforming.
The feathers of the second row of under minor secondary
coverts are shorter. The shafts are directed toward the
cubital end at about a 45° angle, and they also mostly have
a conforming overlap.
The feathers of the under forearm tract are about the
same size as those of the second row of under minor secondary coverts and cover the under forearm apterium. In the
area of the under prepatagial apterium are several rows of
densely packed downs. Toward the ends of the apterium,
transition types lead to the contours of the under marginal coverts of the prepatagium. Of this transition group,
those adjacent to the apterium are long, typical contours,
some 3 cm. long, which overlap and entirely cover the downs.
The under marginal coverts near the base of the wing point
caudally and cover the anterior axillary fossa. More distally,
there is a transition in direction, so that near the wrist all
the feathers are directed toward the tip of the wing.
A discussion of feather placement associated with folding
of the wing has been left until after the description of the
individual feather groups. The pigeon has a long, pointed
wing hke the duck, and the tips of the distal primaries are
carried well above the tail. All the primaries are folded
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under the secondaries, and in the folding process the secondaries adjacent to the wrist are moved close together, so that
the first through sixth (counting the missing fifth) are
almost on top of each other. The secondaries cover the
alular remiges. Each under major secondary covert slides in
between adjacent remiges. This interdigitation is not uniform; there may be two or three coverts between two secondaries, or there may be only one or none at all.
On the ventral surface, the under major and median
primary coverts move with the remiges. Several long feathers
next to the wrist belong to the first row of under minor
secondary coverts and cross the under coverts of the hand.
The primaries sHde in between the secondaries and the long
under median secondary coverts, while the under major
secondary coverts remain close to these remiges as described
earher. When the wing is closed, the long feathers from
various rows line up together and form an under layer for
the wing. Another layer beneath these and parallel to them
is that of the long subhumerals.
When the compactness and efficiency of feather arrangement are examined in the folded wing, the impression is
gained that the length, placement, and direction of feathers
are adapted to the needs of the species rather than that an
ancient rearrangement of rows or parts of rows is slavishly
followed. The reversal of the under major and median coverts
is real enough, but we failed to find on the dorsal surface
convincing evidence of an intercalated row associated with
diastataxy. The conforming and contrary overlaps of the
feathers likewise have a function; when the feathers have
the same overlap as those in the adjacent underlying row,
it is possible for one edge of the overlying feather to slip
between two feathers of the row beneath. For example: (1)
in the folding of the wing some of the upper major primary
coverts shde to varying degrees between the remiges, and
(2) the under major secondaries slip between their remiges,
and part of the vanes involved are modified structurally to
fit the process. The feathers of one row do not always slip
between those of the next row. For example, the upper
major secondary coverts conform in overlap with the remiges,
but in the folding of the wing there is no interdigitation;
they remain as a separate unit, moving together independent
of the remiges.
When the overlap is opposite that of the row underneath,
the two groups of feathers move independently of each
other. This is illustrated by (1) the under major primary
coverts which, when the wing is folding, slide together as a
group independent of the remiges, and (2) the under median
secondary coverts, which move entirely independently of the
under major secondaries. The separation of these two rows
provides a slot into which the primaries may be placed.
The complexities of these adaptations make it appear that
the direction of overlap is more related to function than to
phylogeny. The direction of overlap for wing covert rows in
the Common Pigeon is summarized as follows :
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Upper major primary
Upper median primary
Upper minor primary
Upper major secondary
Upper median secondary
Upper minor secondary
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Overlap^
Conforming.
Stacked—potentially conforming.
No overlap.
Conforming.
Mixed.
Do.
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Under major secondary
...Conforming.
Under median secondary
.Contrary.
Under minor secondary (row 1).. Mixed to conforming.
Under minor secondary (row 2).. Conforming.

^Overlap is defined as follows: Conforming, the direction of overlap
is the same as that of the remiges; contrary, the direction of overlap
is opposite that of the remiges; mixed, conforming and contrary in the
same row; stacked feathers p^ on top of each othei. When stacked.
one of the edges of the feathers may project beyond the pile and indicate a potential conforming or contrary overlap.
A comparison of feather shifting in the closure of the
wings of the duck and pigeon should offer some clues concerning the significance of the diastema because of its presence in one and its absence in the other. In the duck, the
space between the fourth and sixth secondaries is large
enough to carry the missing feather, whereas in the pigeon
as noted by Pycraft (1904:324), the space has closed second^
nvíKr o^ +Ko+ •+ •
^
11
A.
. .1
arily SO that it is no greater than other spaces m the row.
In the duck the first four to six secondaries are folded as a
separate group beneath the remaining secondaries, the break
coming about at the diastema, whereas in the pigeon the
entire group of secondaries remains as an intact row moving
cc ^ ,;^-^ ^ ^1 4.-U
• .1
. .
, .
.
as a unit, exactly the same as m the eutaxic secondaries of
the chicken. This fact seems to indicate a functional relationship between the presence or absence of a diastema and
the shifting of feathers in the folding of the wing.
Pc-vKu í'1e'77^ „K.^„ ^j .tu j-4.U CÍX1.
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Gerbe (1877) observed that the fifth secondary was absent
from the pigeon as did Gadow (1888), who classified families
of birds according to the presence or absence of the fifth
secondary. He used the terminology common at that time,
aqumtocubitalism, which later became diastataxy; quintocubitahsm, later becoming eutaxy. Pycraft (1904) also
placed the pigeon among the diastataxic birds. He also
called attention to the fact that the space between the
fourth and sixth remiges was reduced to the average space
between feathers on each side of the diastema. Therefore,
superficially it resembles a eutaxic wing. Steiner (1917)
investigated two genera of pigeons, one of which was CoZwm&a,
and gave measurements of length for many of the feathers,
especially the upper and under secondary coverts. In chapter
2 we indicated that the Columbidae had a diastataxic
wmg (Miller, 1924b). Steiner (1956) noted at least five
families of the Columbiformes that had this type of wing.
In one of these families both diastataxy and eutaxy were

Jv^S
: I ' r r,,T""' 'r'"' '"'^"^ '"'^
of various order where both types exist.
Many ornithologists have tried to determine which condition IS more ancient, diastataxy or eutaxy. Steiner (1917
and 1956) suggested that Arehaeopteryx had a diastataxic

^jng_ Our data are much too meager to offer more than a
suggestion as to the functional significance of a diastema.1 %
•
.,,
, . ,
^Wim^ance 01 a aiastema,
^^^ ^^^ species With which we have worked indicate that
^^^ diastema can be a point of breaking of the secondary
row in the process of folding the wing. We hope that others
will determine the validity of our suggestion, but to do so

'^'^
™» "«! *° « «™ "'^f --'""" "*" "-=
compound such as Equi-thesm (see ch. 10). When given
intramuscularly, Equi-thesin keeps a bird in a flaccid, fully
relaxed condition but permits the bird to refold its feathers
in a normal manner. The bird will rouse from its stupor
"^^^^ *^^ ^'"^^ ^^ handled, especially if a growing feather is
manipulated. It seems to US that this problem could offer a
fruitful line of research.
We have not found any references on the shifting of feath^^, • .. ^ f ^A'
í xu
•
xi, r
.
^^^ "^ *^^ ^^^*^^^S ^^ ^^^ ^^^g^ therefore, comparisons with
the work of others caimot be made. Since Degen (1894) set
forth his theory on the origin of diastataxy, it has generally
been discarded, perhaps in part because Pycraft (1899)
stated (p. 246) :
Though none will grudge this writer the credit of having evolved
^ ^^^'^ ingenious hypothesis, few probably will be found wiHing to
^'^^^^' ^* t^ycraft went on to summarize the theory concisely and
IT.f hl'^iîh"? T?^" ^''\''/' ^^-^"-^'y ^-^--dactyle
manus m which each digit supported a set of remiges and major
coverts. In course of time the 4th digit became suppressed and its
remiges, 3 in number, migrated inwards on to the ulna—ousting
^^^ cubitah remiges 1—3. Next, the remiges of Digit IL moved
inward on the ulna. Originally there were five of these, but the
?S' ^^^^^^v *K' '"'^"^ ''"^^' ""T^"^'" ^^' ^'''' '^ Metacarpals
^^^' ^^^^ i v., became suppressed,—just as occasionally happens
i„ the case of the 'carpal remex.' The coverts of this suppressed
5th remex were retained. Feathers 1-4 onlj^ remained to migrate
°" t° the ulna. The 5th is now only indicated by its coverts,—
^^""'^^ '^® diastataxic wing. The carpal covert and remex of existing
birds represents the short 1st remex and covert of Digit III., which
has travelled inwards along Mo. III. to rest finally on the carpal
joint at the base of Mc. II.
Degen's numbering is based on the assumption that the
ancestral bird had digits I to HI rather than II to IV Degen
conceived of each phalanx of each digit as well as the ulna
and the radiale carrying remiges. This theory has a relationship to the wing imprint of Archaeovteryx. Some authors
including de Beer (1954), consider that the imprint of a
second set of feathers overlaid on the first as "double-struck "
but these include only the rachises and not the vanes On
the basis of Degen's concept of the ancestral form the
double-struck rachises could have belonged to metacarpus
III in the partially separated fingers of the ancestral fourfingered hand. This theory was revived by Bohhn (1947)
but was refuted by de Beer (1954-34)
Posterior avvendage traäs.-Mnch of the femoral tract is
covered by the feathers of the pectoral tract, not only the

^-^ -- «^ ^^^^ P-*-al tract proper but'also the bng

feathers of the lateral body tract. The down feathers of the
lateral body apterium merge into the small semiplumes and
contour feathers at the anterior margin of the thigh These
become increasingly long toward the infracaudal margin of
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the tract. All these point directly caudally and do not
spread out like a fan as in the other species studied. We
mentioned (p. 157) that the long feathers from the infracaudal
margin of the tract were called a pelvic wing by Beebe
(1915)j but neither from a study of the pterylosis or ptilosis
does it seem desirable to retain this name.
The feathers of the knee and upper anterior crural tract
are covered by feathers from the pectoral tract. The crural

feathers are truly loose contour feathers and strongly resemble semiplumes. Only adjacent to the rachis are there
narrow flat vanes typical of the contour feather. The crural
fluffy contour feathers on the lateral surface of the leg are
long and project backward beyond the shank and curl
around the posterior surface. Those near the anterior margin
of the shank are also fluffy; they are long and curl across
the front surface of the shank.

FEATHER WEIGHT AND NUMBER
The size (weight and area) and number of feathers are
physiologically and statistically related to temperature, rate
of metabolism, body weight, and surface area of birds. No
mathematical equation has yet been derived that will
express exactly the relationship of afl these variables for all
birds. Progress has been made in this direction, though
based on rather limited numerical data in comparison with
studies of mammals. The text that follows is derived from
literature rather than from our personal investigations. We
have made no attempt to cover any topic fully but merely
to mention some of the significant findings of quantitative
studies for feathers.
Feather counts
Chickens.—Data on the number of feathers in chickens
are limited indeed. Wetmore (1936) mentioned that a dairy
employee counted 8,325 feathers in a Plymouth Rock.
Greenwood and Burns (1940) counted 6,356 and 7,250 on
two Brown Leghorn capons. A 5.6 pound (2,540 gm.) White
Wyandotte female carried a total of 9,515 feathers, excluding
filoplumes (Jaap and Turner, 1943). This amounted to 1,699
feathers per pound of chicken or 267 feathers per gram.
In another White Wyandotte, Jaap and Turner listed 888
feathers per pound, excluding those of head and neck. If

TABLE

these two specimens of White Wyandottes were equivalent,
than the values in column 2 of table 7 need to be increased
by 52.3 percent to attain an estimate of the total number
of feathers. Column 3, table 7 presents the results when
this correction factor was applied.
When the feathers of the head and upper neck were excluded in compihng data on total feather weight, Jaap and
Turner estimated that the error introduced was no more
than 10 percent. On the other hand, exclusion of feathers
from head or from head and neck introduces a large error
in the number of total feathers counted. This was shown
in the White Wyandottes studied by Jaap and Turner, and
in the review of hterature presented in the text that follows.
Greenwood and Burns (1940) sorted the molted feathers
according to the parts of the body from which they come.
On this basis, 1,633 (24 percent) of 6,803 feathers had come
from the neck. It was not stated how many were present
on the head.
Wild birds.—Some investigators have given data on the
number of feathers in species of wild birds. Dwight
(1900:119) made a total count of contour feathers on a
Bobolink {Dolichonyx oryzivorus); downs, semiplumes and
filoplumes were omitted. Feathers were grouped by tracts
as follows :

7.—Some interrelations between body weight and feather number for several breeds of chickens
Feather number
Breed^

Dark Cornish Bantam.
Dark Cornish
Cornish X Red cross. .
Rhode Island Red
Barred Plymouth Rock
White Plymouth Rock.
White Wyandotte

Average
live
weight^

Grams
1.533
2,971
3,048
3,688
3,470
3,719
3.057

Less
feathers on
head and
upper neck^
Number
4,881
5,725
5,685
5,870
5,500
5,576
5,985

Calculated
total
per
bird
Number
7,434
8,719
8,658
8,940
8,377
8,492
9,115

Feather
weight as a
percentage
of body
weight^

Percent
3.70
3.50
4.40
4.60
4.69
5.01
6.05

Feathers per gram of
body weight

Observed 2

Number
3.18
1.92
1.87
1.59
1.58
1.50
1.96

Calculated^

Number
2.32
1.38
1.32
1.12
1.18
1.12
1.34

1 Data taken directly from Jaap and Turner (1943).
2 Values derived from Jaap and Turner.
3 Weight of feathers excluding those of head and upper third of neck.
,.,,j,
.r
^-r.«.
4 The calculated values are those obtained when the formula derived by Hiitt and Ball (1938) was applied to data of Jaap and Turner.
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Tracts
Alar
Humeral
Capital
Dorsal
Ventral
Caudal
Lumbar
Crural
Total

,

No. of
contour
feathers
492
gg
1^335
506
4g5
55
70
jgg

Percent
15.2
3.0
42.8
15.6
UA
1.7
2.2
5.1

3,215

100.0

More feathers were concentrated on the head than on any
other part of the body (42.8 percent). Others have contributed data on number of feathers present on the head
or on head and neck. McGregor (1902) made a total count
of 6,544 feathers on a Glaucous-winged Gull (Lams glaucescens), of which 2,620 were on the head and 803 on the
neck, a total of 3,423 on head and neck (52 percent). In the
Whistling Swan (Cygnus columUanus), Ammann (1937)
found that 20,177 of the 25,216 feathers of this species (80
percent) were located on the head and neck. Korelus (1947,
table 11) listed the number of feathers on the head and the
number on the whole bird for 15 species of wild birds. Wing
(1952) counted a total of 4,297 feathers on a Brown-headed
Cowbird (Molothrus ater), of which 1,246 (29 percent) were
on the head. Brodkorb (1949) made counts of feathers from
birds representative of 12 families and recorded subtotals
for various regions of the body including the head and
neck as follows: Pied-billed Grebe (Podilymbus podiceps
podiceps), total contour feathers 15,016, head and neck
7,912 (53 percent); Green-winged Teal (Anas crecca carolinensis), total contour feathers 11,450, head 4,832, neck
2,226, head and neck together 7,058 (62 percent); Pintail
(Anas acuta), total contour feathers 14,914, head and neck
10,492 (70 percent); Southern Screech Owl (Otus asio asio),
total contour feathers 6,458, head 2,345, neck 340, head
and neck together 2,685 (42 percent). The following counts
were made by Markus (1963a) for a female specimen of a
Laughing Dove (StreptopeUa senegalensis) :

Tracts
Capital
Caudal
Legs, crural and femoral..
Spinal
Ventral.
Wings, alar and humeral.
Total

Contour
and
semiplume
feathers
922
143
353
535
i1,145
245
1,112

Percent
21.9
3.4
8.4
12.7
27.2
26.4

4,210

100.0

In three species of barbets, Markus (1963b)
the capital tract carried 30.5, 31.6, and 32.8
2,210, 3,014, 2,904, respectively, of the total
feathers.
Some have recorded feather counts for the

noted that
percent of
number of
whole bird

without tabulating the number of feathers that came from
each part of the body. The first recorded count was made
in 1882 on Brewer's Blackbird (Euphagus cyanocephalus)
(Markus, 1963a). Wetmore (1936) reported counts of contour feathers for 152 birds, most of which were passerines.
Some of his data, arranged in a descending sequence of
body weights, are as follows:
Weight
in
Bird
grams
Mourning Dove (Zenaidura macroura)
152.7
Common Grackle (Quiscalus quiscula) .
117.7
Blue Jay (Cyanocitta cristata)
97.2
Common Nighthawk (Chordeiles minor)
69.3
Loggerhead Shrike (Lanius ludovicianus)
50.9
Brown-headed Cowbird (Molothrus ater)
41.4
Great Crested Flycatcher (Myiarchus crinitus)
33.8
House Sparrow (Passer domesticus)
28.1
Orchard Oriole (Icterus spurius)
24.0
Louisiana Waterthrush (Seiurus motacilla)....
19.6
Kentucky Warbler (Geothlypis formosa)
14: A
Magnolia Warbler (Dendroica magnolia)
9,4
Golden-crowned Kinglet (Regulus sátrapa)
5.8
Ruby-throated Hummingbird (Archilochus
colubris)
2.8

Feathers
2,635
2,730
1,898
2,265
2,170
1,622
1,570
1,359
1,601
1,525
1,511
1,414
1,268
940

From this sample of Wetmore^s data, it is clearly evident
that feather number is some exponential function of body
weight. For example, the weight of the Mourning Dove is
26.3 times that of the Golden-crowned Kinglet, yet the
Mourning Dove has only 2.1 times as many feathers as has
the Golden-crowned Kinglet. One obvious accompaniment
to reduction of bird size is reduction of feather size. Jaap
and Turner (1943) tabulated lengths and widths for the
first primary, second primary, and fourth tail feathers from
the Dark Cornish Bantam and for the six layer breeds listed
in table 7. We found from their data that the ratio of the
average areas was 1:1.73, respectively.
In summarizing the body weights and feather counts of
wild birds we stated that a ratio of 1:26.3 for body weights
accompanied a feather-count ratio of 1:2.1. The body weight
ratio of small and large chickens was 1:2.2, the feather count
ratio was 1:1.17, and the feather area ratio was 1:1.73. All
three variables decrease, with decrease in size of the bird
but at different rates. Hutt and Ball (1938) arrived at formulas equating variables of feather number, body weight,
and body area, but in their calculations they did not include
the variable of feather size for birds of different weights.
Effect of season on feather counts.—Sea^son may have an
effect on feather counts for some birds. Wetmore (1936, p.
164) summarized his extensive data on this subject as follows:
It is evident from this that in the species studied from a maximum number of feathers found in the winter pkimage there is a
steady decline through early spring to a final low at the entrance
of summer. The loss in feathers seemingly progresses steadily as
cold weather passes and warmer weather advances. In other words,
birds have a natural adjustment in dress to the needs of the season,'
a sensible arrangement that while apparently hitherto unknown
is one that might be expected. As the lessening number of feathers
IS accompanied by considerable wear in those that remain, the
amount of body covering is very appreciably lessened. The final
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124.—Change in weight of feathers with age. The dashed Une plots the absolute weight and the solid line plots the
percentage of feather weight to body weight. Based on studies of the Single Comb White Leghorn Chicken. (Redrawn from
Latimer, 1924.)
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low ebb of summer culminates in the post-nuptial molt by which
the plumage is renewed for another season.

Staebler (1941) used a single species, the House Sparrow,
and found 3,138 and 3,179 contour feathers in July for two
specimens and an average of 3,519 for six specimens taken
in Michigan in colder months.
Similar studies were undertaken more recently (Markus,
1963a) on a relatively small sample of wild birds. It was
concluded that there was no great difference in the number
of feathers with season, when the seasonal temperature
changes were small.
Feather weights
Chicken,—Figure 124, reproduced from Latimer (1924:
fig. 9), shows two sets of curves—a dashed Une where the
weight of the feathers was plotted against the body weight
and a solid line where the percentage weight of feathers to
body weight has been plotted against the body weight. At
about 1,270 gm. body weight, the curves (dashed lines)
diverge for males and females. In females, feather weight

decreases as body weight increases. In the male, feather
weight continues to increase until body weight reaches about
1,640-gm. Then feather weight begins to decrease and
establishes a curve parallel to that shown for the female.
The curves (solid lines) based on feather weight as a percentage of body weight against body weight show a striking
initial rise for both sexes up to about 600 gm., after which
there is a slight leveling off up to the point when the hens
establish a declining curve. This is paralleled by the curve
for males at about 400 gm. greater body weight.
Latimer (1924:375) concluded:
This rise and fall in both relative and absolute weights, plotted
against both the gross body weight and against time, are correlated
with changes in the structure of the feathers. Until the feather is
completely developed, the shaft contains a large amount of vascular
tissue, but later the vascular tissue in the shaft atrophies and dries
out. This results in a marked decrease in the weight of the plumage.

The weight of the feather pulp is discussed in chapter 7,
page 366. Pulp weight may be several times the weight of
the feather. In a study of 12 chickens, Weiske (1889:table
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A), reported a slight decrease in feather weight after body
weight attained 1,094 gm. When feather weight was converted to percentages of body weight, the same decrease
was observed. This takes place at about the time that the
growing feathers have established a constant length.
Latimer (1924, 1925) noted similarity in the curves of
feather to body weight and thymus to body weight but
attached no significance to this similarity.
In a later paper, Latimer (1932) observed that the feathers
of a male Single Comb White Leghorn Chicken formed 3.7
percent of the body weight at hatching. This ratio rose to a
maximum of 9.8 percent at 1,100 gm. body weight and declined to 5.5 percent in the adult. The ratios for the females
were similar except that the maximum percentage was
reached at 1,300 gm., and in the adult it decreased to 4
percent of the body weight. These values for adult birds
are of the same order of magnitude as those given by Jaap
and Turner (1943) (fourth column of table 7). They do not
differ widely from results in earlier studies by Zaitschek
(1908) in which calculations of feather to body weight
ratios on 131 chickens of various breeds and ages gave an
average value of 7.7 percent with a range of 2.7 to 11.4
percent. The actual weight of feathers varied from 21 to
143 grams with an average of 85 grams. The data were
based on birds of different breeds and ages. Turcek (1966)
determined feather weight as a percentage of body weight
for 91 species representing 34 families of birds. The values
varied from 4 to 11, however, plus or minus 3 standard
errors fell within the narrower range of 5.97 to 6.63 percent. Turcek obtained a highly significant negative correlation between plumage weight and the logarithm of body
weight.
Hammond (1944) found that in the Beltsville Small
White Turkey the feathers formed 6.-93 percent of the live
weight and that the quill feathers formed 26.23 percent of
the total feather weight.
Hutt and Ball (1938) plotted the curve shown in figure
125 and utiHzed the data on passerine birds presented by
Wetmore (1936). From these data, Hutt and Ball arrived at
the regression equation of—■
Y = 910.17 X--815

where
number of feathers
Y = , ,
. , , .
and X = body weight in grams,
body weight m grams
The fit of the curve to the points is shown by the solid line.
When this equation for passerines is applied to chickens (Jaap
and Turner, 1943), the feathers per gram of body weight are
consistently higher than the calculated values. This may be
due to the difference in body weight of passerines and
chickens.
The study of Hutt and Ball (1938) was concerned with
feather number, body weight, and surface area; the last of
these is represented by the dashed line in figure 125 and
demonstrates that a decrease in surface area takes place
with an increase in weight. This curve accounts only in part
for the associated decrease in feather number with increase

Number of feathers per gram body weight
8

o

ï;

C

Square centimeters per gram body weight

125.—Relationships of feather weight to body weight
for various species of passerine birds. The solid line plots
the relationship of the number of feathers per gram of
body weight to the total body weight. The relationships
of four species of nonpasserine birds are indicated by dots
A, C, C, and Z, The dashed Hne plots the relationship of
the square centimeters per gram of body weight to the
total body weight. (From Hutt and Ball, 1936.)
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in weight. It is necessary also to take into account the increase in feather area with increase in body weight. Some
estimates of the importance of feather size, weight, and area
to body area could be attained as follows: The number of
feathers could be considered to be constant in a chicken from
hatching to maturity. The areas of contour feathers could
be determined for representative areas of the body, multiplied
by the number of feathers in the area, and set forth as a
ratio with surface area. From the curve (dashed line of fig.
125) presented by Hutt and Ball (1938), it is assumed that
with increasing age the ratio of surface area to body weight
would become less. One should plan to use an all-white
chicken such as a Single Comb White Leghorn in view of
conclusions by Giaja (1931) and by Korelus (1947:231)
that pigment significantly adds to the weight of feathers.
The problem of determining surface areas accurately for
birds has been difficult. Hutt and Ball discussed the problems involved, and for the dashed line reproduced in figure
125 they used the formula derived by Mitchell (1930) for the
chicken, namely, S = 8.19 W-^^^ where S = surface area and
W = body weight. Wetmore (1936) tried several physical
methods for determining surface area of a bird and was
unable to obtain less than 2 percent error; however, this
error is undoubtedly less than that obtained by the use of
generalized formulas.

CHAPTER 4

Molts and Plumages of Domestic Chickens
INTRODUCTION
Phenomenon of Molting
The feathering of fully grown birds was described in
chapter 3. However, from the time the bird is hatched until
it becomes an adult, feathering passes through several
changes of appearance. These changes are due largely to
replacement of the feathers. In most birds, the shape of
each feather is established during its growth and does not
change thereafter except through wear. All feathers of fully
grown birds are replaced by molting, usually at regular
intervals.
The outermost layer of the skin and some other integumentary derivatives besides feathers also molt. This is not true
of structures composed of so-called hard keratin (e.g.,
rhamphotheca and metatarsal spurs) that normally wears
down. Structures of so-called soft keratin (e.g., skin, comb,
and wattles), however, characteristically slough off the outer
cornified layer. This sloughing oiï is thought to occur in
adult chickens during the annual complete molt of the
feathers (Spearman, 1966:73). In puffins the corneous
plates of the rhamphotheca and fleshy growths at the rictus
and above the eyes are shed after the breeding season
(Bureau, 1879). The claws and horny fringes on the toes of
many grouse and ptarmigan are shed in the spring. In
certain nestling birds, special structures of functional significance are lost about the time of fledging. These include the
claws on the first two digits of the hand in the Hoatzins
{Opisthocomus hoazin) and the thick, horny heel pads on
the back of the tarsal joints in woodpeckers, toucans, and
barbets (Harrison, 1964:489).
Molting is a process that involves two phenomena—the
shedding of an old part (ecdysis) and the growth of a new
one (endysis). It is commonly thought that these steps
occur in this order, and even that the old part must be lost
in order to make way for its replacement. Watson (1963b:
493) has shown, on the contrary, that—
In the repeated molt cycle of many, if not all birds, the dropping
of the old generation of feathers is brought about by the initiation
of growth in the new generation which pushes the old feathers
passively out of the follicles. Molt in birds is consequently a single
growth process actively concerned only with the production of
the new generation of feathers.

Our observations confirm the pushing out of one feather

by another as the normal situation in all five species we
studied. This is described and illustrated in this chapter.

Terminólo gy
The single generation of feathers that is brought in by
each molt is known as a plumage. This restricted meaning
of the term was proposed by Humphrey and Parkes (1959)
in their important analysis of the concepts and terminology
of molts and plumages. A bird may wear feathers of more
than one generation at the same time. As will be shown,
this is because some molts are complete—affecting all the
tracts—while others are partial—affecting only certain
tracts or specific feathers. Hence, on certain tracts the
feathers of a given plumage may be retained, whereas on
other tracts they are replaced by those of a new plumage.
The aggregate of feathers worn by a bird at a given time,
regardless of the relative time that they were acquired, is
called the feather coat (Humphrey and Parkes, 1959) or
the feathering (Palmer, 1962). In summary, the feathering
is composed of one or more plumages.
Molts and plumages can be identified most easily with
numbers. Accordingly, the natal down is the first plumage
and the molt that brings in the next plumage is the first
molt. This plan is adequate for a study of plumage succession during the first year of life, and it is followed in this
chapter. It is less useful for studies of older birds, however,
where the number of a plumage or molt is less important
than its place in the cycle. As used here, a cycle in an adult
bird is the period that ^^runs from a given plumage or molt
to the next occurrence of the same plumage or molt^^ (Humphrey and Parkes, 1959: 3). The cycle of molt for most birds
is 1 year. Some species or populations of species (e.g., Sooty
Tern, Sterna fuscata) have a reproductive cycle that is
shorter or longer than a 3^ear, and their cycles of plumage
succession may be adjusted in a like manner. We have not
found any reliable data on the adult plumage cycle of modern varieties of chickens. It seems to be annual in chickens
under natural photoperiod but is commonly suppressed or
altered in those under artificial photoperiod.
The most widely used terminologies for molts and plumages
have been derived from Dwight (1900a, 1902). In these
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systems, the names of plumages are related either to seasons
or to events in the reproductive cycle. The molts of adults
are named in reference to the nuptial plumage, that is,
prénuptial molt and postnuptial molt, Humphrey and
Parkes (1959) pointed out several flaws in this scheme and
proposed a new approach to replace it. Neither the traditional (Dwight-based) system nor the new (HumphreyParkes) system is strictly necessary for a study of the early
molts and plumages of chickens. Certain features of the new
system appear to be more appropriate than the traditional
one for birds in general and domestic species in particular.
First, Humphrey and Parkes (1959:10) recognized that
"the energy expenditure and other physiological changes
connected with growth are significant in relation to the
incoming feathers and have nothing to do with the feathers
that have been shed.'' Accordingly, they named molts in
reference to the plumages that they introduce, that is, preinstead of post-.
Second, the names they chose are not related to the seasons
or events in the annual cycle. This is an obvious advantage
in domestic birds, which commonly live indoors under
controlled conditions and may lay eggs during most of the
year. Both the Dwight and the Humphrey-Parkes terminologies are based on the assumption that most normal
adult birds in nature have at least one complete molt per
cycle. This molt is considered homologous in most species.
In the Humphrey-Parkes system, the term "basic'' is used
for the plumage that is completely renewed every cycle.
This plumage is introduced by a prebasic molt. Many species
have two plumages per cycle; the second one is known as
the alternate plumage. It is introduced by a prealternate
molt that is usually partial, but is complete in certain
species. A few species have still another change of feathers
per cycle, known as the partial presupplemental molt and
the supplemental plumage. Many examples of different
plumage sequences are given by Humphrey and Parkes
(1959).
A third advantage of their system is that it clearly distin-

TABLE

guishes between the feather coat and its age components
(plumages). As will be seen, the feather coat of young
chickens consists of two or more plumages in a constantly
changing proportion. It is much easier to deal with this
situation with the Humphrey-Parkes approach than with
the traditional one.
The new system has been severely criticized (Stresemann,
1963), and its authors acknowledge that there will be difficulties in applying it to certain groups of birds (Humphrey
and Parkes, 1963). Nevertheless, it works well for chickens
and, within the limits of available information, can be used
for comparing the plumage succession of these birds with
those of wild galliform species.
Table 8 shows the numerical designations for plumages
and molts, the equivalent terms used by poultrymen, and
those proposed by Humphrey and Parkes. Explanations of
three of these terms and a related one (not shown) are in
order here. The term "prejuvenal molt," shown as a synonym
for the first molt, was not actually used by Humphrey and
Parkes, We have coined it here, in accordance with their
system. We use "Juvenal" to designate the first generation
of contour feathers after the natal down. This follows the
distinction made by Dwight (1900) and discussed critically
by Eisenmann (1965). ^^Juvenile" is a less specific term that
refers to immaturity in general. It can be applied to either
plumages or developmental stages before the adult condition.
In poultry terminology, juvenile has been restricted to a
specific plumage, that which precedes the adult, but we do
not use it in this sense.
The term "definitive" refers to "plumages which do not
change further with age" (Humphrey and Parkes, 1959:16),
Such plumages are molted, of course, but they reoccur at
the same stage in successive cycles, and the feathers are
identical in appearance each time.
One may wonder why, if molts are named according to
the plumages they introduce (in the Humphrey-Parkes
system), they are numbered corresponding to the plumages
they follow. If the prejuvenal molt, for example, leads to

8.—Terminology of molts and plumages

Numerical terms used
TorT^^c- T^T^rxr^^cr.^ U,. 1

^v...xip jjxw^jyjç^x^KA uj aiuni|jmey nnu rarKes

Molt No.

(1959)

Generation No.
1st

1st

Down plumage

Prejuvenal molt^. .
2d

2d,,,.....[.....'.[[[[[[[[[[[[[[

Juvenal plumage

Chick plumage

First basic plumage

Juvenile plumage

Second basic plumage or
alternate plumage^

Adult plumage

First prebasic molt......
3d.

3d

Second prebasic molt or
prealternate molt^
4th

1 m

1

,11

-, ,

-^,

Terms used by poultrymen
(Chu, 1938)

^1 Terms not actually used by Humphrey and Parkes but consistent with their system.
^ The homology of these molts and plumages in chickens is not known. See text, page 233.
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the Juvenal or second plumage, why is it not numbered the
second molt? The reason is simply that it is the first molt^
the natal or first plumage having been grown in the embryo.

Methods of Study
The onset of a molt can be dated most accurately by
examining histological sections of follicles, in search of
growing feathers. This method, however, is hardly practical
for following the course of molting through the feather
tracts. Castoff feathers are a good sign that a molt has
begun, and if found promptly they may reveal the date of
onset within a few days. A drawback to the use of shed
feathers is that they must be examined closely in order to
identify accurately the site of molting. Remiges and rectrices
can often be located within three follicles, but other feathers
cannot be identified so precisely. The descriptions of the
feathers of domestic birds in chapter 6 can be helpful in
identifying castoff feathers.
The course of a molt can best be followed by repeated,
periodic examinations of the same birds. At each examination, the developmental stage of every feather, or at least
portion of a tract, is recorded. The original data in this
chapter were obtained by this method. They include records
of the onset of molts, based on the first observations of the
ensheathed tips of new feathers above the surface of the
skin. These emerge several days or a week later than the
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actual onset of regeneration, but the delay in establishing
the dates affects all the feathers in approximately the same
way. The time lag between the actual and the apparent
onset of molt is greater in the remiges and rectrices, where
the follicles are deep, than in the body feathers.
The birds used were 35 Single Comb White Leghorn
Chickens from a highly inbred line (coefficient of inbreeding
more than 90 percent) at the Regional Poultry Research
Laboratory, East Lansing, Mich. They were obtained in
February when newly hatched and were raised to an age of
6 months. They were kept in an indoor cage, exposed to
normal daylight. Ten chicks were painted with an alcohol
solution of eosin when they were a few days old so that
the new feathers could be more easily spotted as they replaced the natal down. These birds were identified with
numbered aluminum wing bands, and the feathers of each
were examined approximately once a week during the first
21 weeks, and every other week for the next 4 weeks. The
observations on these chicks gave some indication of the
range of individual variation in the timing and progress of
molts. The remaining birds were killed and examined at
the rate of one per week for the first 13 weeks and then
one every other week for the next 6 weeks. For each specimen, the developmental stages of all feathers were marked
on diagrams of the pterylosis, as explained in chapter 10.
The centers and gradients of molting could be determined
from these records.

GROSS APPEARANCE OF GROWING FEATHERS
Virtually all the feather follicles are formed during embryonic life. Throughout the life of a bird after it hatches,
each follicle produces a series of feathers. A history of molts
and plumages is a composite of the histories of all these
series. In order better to understand molting on a broad
scale, we will first review the growth of an individual feather.
We will describe here only the appearance of the portion of
the feather above the skin. Although these conditions described are superficial, they generally cannot be seen through
the feathering. It is necessary to push aside some feathers
so that others can be seen at their level of emergence from
their follicles. The histology of a developing feather, and
particularly of the portion inside the follicle, is treated in
chapter 7.
The early history of a series of feathers on a chicken is
summarized diagrammatically in figure 126. The first-generation (natal) feather (gens prima pennarum), or natal down
(protoptilus), is produced during embryonic life, and is
already above the skin at the time of hatching. After it
fluffs out, it can be seen to have the structure of a down
feather (described on p. 264). A second-generation (juvenal)
feather (gens secunda pennarum) begins to form in the
follicle late in embryonic life. As it grows, it pushes the
natal down out of the follicle on its tip. Elevation of the
down is the first gross sign that replacement of the feathers
is already underway. This occurs in certain remiges and

rectrices by the time of hatching, but not until several days
later in most other feathers.
The new feather is tightly furled inside a sheath while it
forms. As it appears above the skin, it has a long conical
shape with a blunt tip (figs. 127, 131) and a slightly moist
surface. A feather at this stage in any generation is often
called a pin feather, but we designate it as representing the
early immature stage of development.
Starting at the tip the sheath dries and flakes off. This
allows the feather to begin to emerge (figs. 128, 131, 132).
The ensheathed portion is marked into three zones by
color. At the distal end it is opaque white, owing to the
presence of air within and around the fully developed, soonto-emerge barbs and rachis. Approximately in the middle is
a narrow, medium-pink zone that marks the richly vascularized top of the pulp. At this level a pulp cap is formed,
and the parts of the feather are completing their keratinization. Feathers at this stage in any generation are known as
blood quills, but we designate them as representing the
midimmature stage of development. The natal down is
usually knocked off the juvenal feather by the time the
latter reaches this stage. (Compare figs. 127 and 128.)
Presence of the natal down is no criterion for the stage of
development of the juvenal feather.
The new feather continues to lengthen and emerge from
its sheath; the pulp appears to recede as it is resorbed at the
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Mature natal down

1st Generation

Down feather —
has fallen off
Early immature feather
pushing out down,
now postmature.

Late immature
feather
emerging from sheath

Midimmature
feather starting
to emerge —
from sheath

Pulp still present
in ensheathed
portion

2nd Generation

Early immature 3rd
generation feather pushing
out 2nd generation feather,
now postmature

Mature 2nd
generation
feather
emerged
from sheath

Pulp entirely
resorbed

Mature 3rd
generation
feather

Late immature
feather

Midimmature
stage
not shown

3rd Generation

.].(t0W.i

4th Generation

O

O

•

126.—Development of feathers above the skin, during the first four generations. This chart not only sunamarizes the
events, but it also serves as a key to the colored symbols in figures 143 through 156. Colors denote different feather generations; a circle indicates a feather that is still growing; a dot, a feather that is fully grown.

FIGURE

tip (figs. 129 to 133). The process of pulp résorption is discussed on pages 381-383 and illustrated in figure 240. We
designate the late immature stage of development as that
which lasts from the time a feather has emerged at least
halfway from its sheath until it is fully grown. A feather is
considered fully grown (mature) when its vanes are entirely
free of sheath and when pulp is no longer visible (figs. 129,
130, 133). To see these signs, the portion of a feather just
above the surface of the skin must be examined. Development is not quite completed when the pulp disappears below
the surface. It takes up to about 10 days for the pulp still
in the calamus to be completely resorbed, depending on the
length of the calamus.
Another molt begins after the mature juvenal feather has
been held for a period of 1 week to a few months. This event
is signaled by the loss of such a feather or by the emergence
of its calamus from the folUcle. These are evidence that a
new feather has started to grow and to displace its predecessor. The juvenal feather may be pushed entirely out of
its follicle and above the skin before it is lost from the tip
of the third-generation feather (fig. 134). As long as an old
feather remains on the tip of its successor, we refer to it as
being in the postmature stage of development.

The sequence of events in the development of the thirdgeneration feather {gens tertia pennarum) is the same as
before although the midimmature stage is not shown in
figure 126. This molt is less conspicuous than the preceding
one because the new feathers are at first similar to those
they replace. By the time they are fully grown, of course,
differences of size, texture, and pattern can be seen (for
example, see fig. 186).
Successive stages of molting can be clearly seen in the
row of remiges (figs. 135, 136). The direction of the wave of
molting can easily be told after replacement has begun
because it goes from the newer generation of feathers to
the older (e.g., third generation to second). In the primary
remiges of chickens, molting proceeds from the innermost
to the outermost. When a third-generation primary near
the wrist is late immature, the next few remiges distal to it
are less and less advanced (fig. 135). These are followed,
closer to the wing tip, by mature and finally immature
second-generation primaries. An empty follicle is sometimes
found between the youngest third-generation feather and
the oldest second-generation feather. The wave of molting
can be seen to have reached the mature second-generation
primaries when they start to be pushed out of their follicles.

GROSS APPEARANCE OF GROWING FEATHERS
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Wing tip

Late immature, natal, distal primary down

Early immature, 2nd generation,
upper major primary covert 5
Mid immature, 2nd generation,
primary remex 5 —
Postmature natal down feather
on tip of immature 2nd generation feather

3.0 mm.

127.—Feathers on the dorsal side of the left hand of a 1-day-old Single Comb White Leghorn Chicken. The upper
major primary coverts 1 to 4, carpal remex, marginal coverts, and upper distal primary downs have been removed.
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Late immature, 2nd generation alular remex

Mature, natal, upper marginal coverts

Mature, natal, upper median primary covert 5
Late immature, 2nd generation,
upper major primary covert 4
Mature, natal, upper distal primary down

Late immature, 2nd generation primary remex 3
(partly emerged from sheath)

I

1

4.0 mm.

FIGURE

128.—Feathers on the dorsal side of the left hand of an 8-day-old Single Comb White Leghorn Chicken. The upper
major primary coverts 1 to 3, carpal remex, marginal coverts, and many down feathers have been removed.
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Mature, alular
remiges 2 and 3

Late immature,
Midimmature,
\ alular remex 1 —^
secondary remex 1 -

Mature, major primary covert 8
Late immature, primary remex 8
with postmature natal down

Late immature, primary remex 3

Mature, primary remex 1
Late immature, secondary remex 2
with postmature natal down
Mature secondary remex 3

10.0 mm.

FIGURE

129—Feathers on the dorsal side of the left wing of a 25-day-old Single Comb White Leghorn Chicken.

Postmature natal down on tip of early
immature upper marginal covert
Midimmature upper median
primary covert 4
Early immature upper proximal
primary down
Mature upper major primary covert 4

Late immature filoplume
Late immature primary remex 3
Mature primary remex 1
Direction of wave of maturation

3-0 mm.

130.—Closer dorsal view than shown in figure 129 of inner primary remiges on the left wing of a 24-day-old Single
Comb White Leghorn Chicken. The upper major primary coverts 1 to 3, upper marginal coverts, and upper proximal primary downs have been removed.
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Second generation feathers:
Late immature, (partly emerged from sheath)

Midimmature (starting to emerge from sheath)

Early immature (still fully ensheathed)
Postmature natal down feather

3.0 mm.

131.—Anterior view of feathers on the left thigh of a 20-day-old Single Comb White Leghorn Chicken. Knee region
is below middle of bottom edge of picture. Second-generation feathers are shown at various stages of growth. The most
advanced are in the background.
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DEVELOPMENT OF PLUMAGES
Histories of Separate Tracts
The ages at which plumages are acquired and lost in each
tract are shown in a series of bar charts (figs. 138 to 142).
Each generation of feathers is distinguished by a color,
whereas immature and mature stages of a generation are
shown as shaded and solidly colored areas, respectively
(fig. 137). The ages at which molts begin or feathers complete their growth vary among individual birds. The transitions between generations or developmental stages are
therefore represented by sloping lines that span the range
of ages for these changes as seen in our experimental chickens. The more variable the age at which a transition occurs,
the more gradual the slope of the line. In the charts for the
remiges (figs. 138, 139) and rectrices (fig. 140), each bar
represents the history of the feathers from one follicle. In
the charts for the body (fig. 141) and limb (fig. 142) tracts,
each bar represents the history of an entire tract. The sloping
lines in these latter bars actually cover two kinds of variation—the time span needed for a molt or attainment of
feather maturity to pass entirely through a tract and the
variation in these times among individual birds.

Primary remiges ( fig. 138)
The six inner primaries of a newly hatched chicken belong
to the second generation of feathers, having attained early
to midimmature stages of development (fig. 127). The four
outer primaries are represented by mature natal downs.
The innermost primary (primary 1) becomes mature on the
22d to 28th day after hatching (figs. 129, 130), and it mohs
at 44 to 51 days. The third-generation feather reaches maturity at 77 to 90 days, and the molt into a fourth-generation
feather may begin by the 175th day.
The nine remaining primaries have similar histories, but
each develops later than its proximal neighbor. As a result,
the center of development is at the follicle for the first primary and the wave of molting proceeds distally to the wing
tip. The first molt is complete but subsequent ones arc
cither complete or partial, depending on the fate of the
second-generation 10th primary. This feather is replaced
in some chickens by the 145th day, whereas it is held for
much longer in others, even until a bird is more than 1
year old.
Three generations of feathers may be present simultane-
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Postmature natal down feather:
Barbs
Calamus
Zones of midimmature,
2nd generation feather:

Vanes of late immature,
2nd generation feather
emerging from sheath

Growth completed,
sheath beginning to split

Growth ending,
formation of pulp cap

Growth in progress

Midimmature filoplume
1.0 mm.

Opening of empty follicle

132.—Feathers on the back of the neck of a 26-day-old Single Comb White Leghorn Chicken. The pulp inside the ensheathed portion of a feather (zone of growth in progress) imparts to it a pinkish tinge in life, shown here as light gray.
Blood is released during the formation of a pulp cap, giving this zone (where growth is ending) a stronger pink color, shown
here as medium gray.

FIGURE

Late immature
primary remex 10
Vanes emerging
from sheath

-Vascularized zone (growth in progress)
- Late immature filoplume
Wing tip —.

3.0 mm.
Direction of wave of inaturation

FiGUHE 133.—Ventral view of second-generation primary remiges 10 to 6 (upper left to lower right) on the right wing of a
47-day-old Single Comb White Leghorn Chicken. The under primary coverts and downs have been removed.
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ously for a while, because in some chickens the third molt
begins before the second molt has ended. At the 175th day,
primaries 1 and 2 may be in the fourth generation, 3 through
9 in the third generation, and 10, still in the second generation.
Ensheathed, late immature,
3rd generation feather —

Secondary remiges ( fig. 139)

Calamus of postmature,
2nd generation feathc

Ensheathed, early immature,
3rd generation feather -

Ç

Neck of follicle
1.0 mm.

FIGURE

134.—Feathers on the back of a 62-day-old Single
Comb White Leghorn Chicken.

Mature, 2nd generation feathers:
I
Upper major primary covert 5
I— Primary remex 5

In a newly hatched chicken, secondaries 1 and 2 are natal
downs, 3 through 11 are early immature second-generation
feathers, and 12 through 18 are again natal downs.
Secondaries 3 and 4 lead the way in the subsequent history
of this tract, for their schedule is close to that of primaries
1 and 2. The juvenal secondary 3 reaches maturity within
30 to 40 days and molts by the 62d day. Its successor matures
at 98 to 112 days and is held for at least 6 months.
The sequence of growth and molting in the other secondaries proceeds first toward the elbow and then toward the
wrist. Second-generation feathers 1 and 2 and 12 through
18 appear at 12 to 23 days after hatching. During the first
5 months, secondaries 2, 12, and 13 all develop on much
the same schedule, but later 2 becomes slower than the
others. Secondary 1 is the slowest of all, for at 6 months of

Late immature, 3rd generation,
upper major primary covert 4
Mature, upper distal primary down

Mid immature,
3rd generation,
primary remex 3 —'
.Direction of wave of molting

FIGURE

3.0 mm.

135.—Feathers on the dorsal side of the left hand of a 57-day-old Single Comb White Leghorn Chicken. Upper major
primary coverts 1 to 3 and upper proximal primary downs 1 to 3 have been removed.
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■ Direction of wave of molting

Late immature,
3rd generation,
secondary remex

Early immature,
3rd generation,
secondary remex

Calamus of mature,
2nd generation,
secondary remex

Cut end of major upper secondary covert ■
I

Early immature, 3rd generation,
upper distal secondary down

1

3.0 mm.

FIGURE

136.—Dorsal view of secondary remiges on the left wing of a 91-day-old Single Comb White Leghorn Chicken. All
upper major secondary coverts and some distal secondary downs and filoplumes have been removed.

age it is the only second-generation feather still present in
the series. As with the primary remiges, the later the secondaries pass through the first molt, the more the time of molt
onset varies among individuals.
Rectrices ( fig. HO)
At the time of hatching, the rectrices are present as down
feathers, but within 2 days the central pair of these is pushed
out of the follicles. Waves of molting proceed outward, and
pairs 2 through 6 (numbered by pairs outward from the
central pair) are replaced by the end of the first week. Pairs

Immature

Mature

Immature

1 llllllllllll HHI
1st

2nd

1 through 6 become fully grown by the 32d day in some
birds; pairs 1 through 3 are then held for only about 1 week
before they are molted. Although these last feathers do not
reach maturity until after certain remiges and humeral
feathers, they are the first to be replaced by third-generation
feathers. A difference between the sexes appears in the rate
at which this (second) molt progresses through the tract.
The two outermost pairs of rectrices are replaced at 76 to
90 days in most females and 90 to 105 days in most males.
The acceleration of the rate of tail development in females
is more noticeable at the next molt. Fourth-generation

Mature

^■1

3rd

Immature

Mature

^^

4th

Generation of feathers

137.—Key to charts shown in figures 138 through 142. The feather generations are represented by the same colors
as shown in figure 126. Shading indicates that a feather or group of feathers is growing; solid color indicates that it is fully
grown. See text for further explanation.
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Primary Rémiges

Primary
number

Age in days

FIGURE

138.—History of the primary remiges in Single Comb White Leghorn Chickens. Each bar represents the series of
feathers from one foUicle. See text and figure 137 for further explanation.

central rectrices appear within 124 to 138 days in females
but not until after 175 days in males.
Capital tracts {fig. 141)
The head is one of the last and slowest regions to develop
new feathers. The tips of second-generation feathers emerge
from their foUicles here at about 18 days, 1 week after they
have appeared elsewhere on the body. The first molt in this
region begins on the occipital and auricular tracts, and
spreads, forward and downward across the sides of the
head. It starts 1 week later in the submalar and interramal
tracts and proceeds upward. Development and molting
thus converge toward the eye. Natal downs finally disappear
from this area at 62 to 69 days, just as third-generation
feathers are being introduced on the top of the head. The
course of the second molt is the same as before. The tips
of fourth-generation feathers {gens quarta pennarum) begin
to appear at about 175 days in females but not until a later
age in males.
Spinal tracts {fig. HI)
The dorsal cervical, interscapular, dorsal, and pelvic
tracts form a continuous series in their history of plumages.
The first molt begins along the midline of the interscapular
tract, and early immature juvenal feathers appear there at
13 days. Three days later, such feathers are present on all
the spinal tracts. At 16 days, in some chickens, a few feathers on the interscapular and pelvic tracts have started to
emerge from their sheaths. By the 23d day, all the natal
downs have been replaced except for a few at the upper end
of the neck and along the margins of the tracts. These last

may be retained until about the 40th day. At this age, some
of the second-generation feathers on the interscapular,
dorsal, and pelvic tracts have become mature. Thirdgeneration feathers appear near the middle of these tracts
by the 55th day. Molting proceeds outward, and reaches the
dorsal cervical tract within a week. Most of the thirdgeneration feathers make their appearance by the 91st day,
but the last of them, on the borders of the tracts, do not
show up until about the 138th day. These feathers begin to
reach maturity by the 84th day, starting with those in the
dorsal tract.
The molt into a fourth plumage begins at about 138 days
of age. Some of these feathers become fully grown on the
dorsal tract by the 161st day.
There does not seem to be any difference between the
sexes in the history of the spinal tract plumages up to this
time.
At least the first three molts start along the midline,
chiefly in the interscapular and dorsal tracts. Gradients in
development and molting radiate from here—anteriorly into
the cervical tract, posteriorly into the pelvic tract, and
laterally through all these tracts.
Pectoral and ventral cervical tracts { fig. HI)
The tips of the juvenal feathers on the tracts appear
between about 11 and 23 days after hatching. They are
introduced later and more slowly—until about the 47th
day—on the ventral and cervical apterium and the pectoral
apterium. A few natal downs may persist on these apteria
up to about 124 days. Some of the new feathers on the tracts
become fully grown by the 35th day, but it is not until about
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Secondary Remiges

Secondary
number

FIGURE

139.—History of the secondary remiges in Single Comb White Leghorn Chickens. Each bar represents the series of
feathers from one follicle. See text and figure 137 for further explanation.
Rectrices

Rectrix
number

84

98

Age in days

FIGURE

140.—History of the rectrices in Single Comb White Leghorn Chickens. Each bar represents the series of feathers
from one foUicle. See text and figure 137 for further explanation.
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Body Tracts
Capital

Dorsal cervical

Interscapular

Dorsal

Pelvic

Ventral cervical
& Pectoral
Sternal &
Abdominal
14

28

42

56

70

84

98

112

126

140

154

168

Age in days

FIGURE

141.—History of the feathers on the body tracts in Single Comb White Leghorn Chickens. Each bar represents all
the feathers in one or two tracts. See text and figure 137 for further explanation.

the 77th day that all of them reach this stage. Third-generation feathers begin to appear about the 56th day. The molt
that brings them in is much slower than the molt into
second-generation feathers. In many chickens, the molt that
brings in the third-generation feathers is not finished until
about the 105th day. The new (third-generation) feathers
reach maturity at 84 to 168 days of age. By the end of this
time the molt into the fourth plumage has begun.
In all this history, the most advanced feathers are those
in a pair of narrow zones along the axes of the tracts. These
areas run from the posterior half of the ventral cervical
tract through the anterior half of the pectoral tract. Waves
of development and molting radiate from here, first anteriorly, then medially and laterally, and finally posteriorly.
The last feathers to be replaced are those on the cervical
and pectoral apteria and on the posterior end of the pectoral
tract.
Sternal and abdominal tracts ( fig. l^l)
During the first 6 months, the feathers of the sternal and
abdominal tracts develop later and more slowly than those
of the pectoral and the ventral cervical tracts. The tips of
the second-generation feathers first appear above the surface
at the 16th day after hatching and continue to appear until
about the 40th day. Even the earliest feathers do not reach
maturity until almost the 55th day, about 3 weeks later
than on the pectoral and ventral cervical tracts. Replacement by third-generation feathers begins about the 62d day
but is not completed until about the 161st day. These feath-

ers start to reach maturity at about the 105th day, still 3
weeks behind the pectoral and ventral cervical tracts.
Fourth-generation feathers begin to appear at 161 to 175
days in all the ventral tracts.
Molting and development start along the midline of the
abdominal tract. They proceed anteriorly along the middle
of each sternal tract, laterally in both tracts, and medially
in the sternal tracts. The last feathers to develop and molt
are those in the lateral abdominal tract. The history of
plumages on all ventral body tracts is the same in both
sexes during the first 6 months.
Humeral tracts {fi^. 1-^2)
The emergence of feathers from the right and left humeral
tracts is among the most advanced during the first few molts.
The tips of the second-generation feathers appear between
the 6th and the 26th days after hatching. Some of these
feathers become mature by the 33d day. The molt into the
third-generation feathers begins about the 50th day, and
lasts until about the 138th day in some chickens. This
plumage reaches maturity from about the 76th day until
about the 175th day, a longer span of time than found
generally in other tracts. This situation is apparently due
to the wide range in the size of the feathers from the cranial
to the caudal ends of the tract (fig. 195, p. 294). All the
feathers seem to grow at about the same rate but some
require much longer to reach their final size than others.
The initial precedence of the humeral tracts gradually
lessens, and fourth-generation feathers appear concurrently
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Wing

Limb Tracts

Humeral

Upper alar

Under alar

Leg
Femoral

Crural
154

168

Age in days

142.—History of the feathers on the Kmb tracts in Single Comb White Leghorn Chickens. Each bar represents all
the feathers in one tract, except that the remiges are not included in the alar tracts. See text and figure 137 for further
explanation.
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in the spinal, femoral, and humeral tracts about the 138th
day.
The first molt begins at the posterolateral region of each
humeral tract and proceeds anteriorly and medially. The
feathers do not reach maturity in this sequence, however,
but in a more or less random fashion within the entire tract.
Subsequent molting and feather development start in a
longitudinal area through the middle of each tract and
proceed toward the margins.
Upper alar tracts (fig. H2)
The upper coverts of the remiges are among the most advanced feathers of a young chicken. Upper major coverts
develop and molt at about the same times as their underlying remiges; they are sometimes even ahead of the secondary remiges. In a newly hatched chicken, all the upper major
primary coverts and upper major secondary coverts 3 to 12
are already early immature second-generation feathers.
The three outer alular remiges reach this stage by the fifth
day after hatching. Molting proceeds anteriorly through
the coverts into the marginals. Within each row, it goes
from the wrist outward on the hand, and from the middle
of the forearm toward the ends. New feathers appear along
the margin of the anterior patagium, the posthumeral
region, and on the alula by the 13th day, and along the
anterior margin of the hand by the 19th day. Molting proceeds from these areas, and finally the marginal coverts of
the hand and the alula appear about the 44th day. The
first feathers to complete their growth are the upper major
primary coverts, at about the 26th day. Other feathers
reach maturity in the same sequence as that of the molt. It
is not until the 84th day that all the second-generation
feathers of this tract are mature.

The tips of third-generation feathers begin to appear
about the 62d day, and the last of them appear about the
113th day. The feathers reach maturity from about the 90th
to the 160th day. About the 131st day, fourth-generation
feathers first appear as alular remiges and a few upper
major secondary coverts. The secondary remiges are less
advanced than their upper major coverts at this time because they are still third-generation feathers. It is not the
upper major coverts, however, but the anterior marginal
coverts of the prepatagium which, by 175 days, are the
first fourth-generation feathers on the tract to reach maturity.
Molting proceeds from five areas in the tract as follows :
1. Anteriorly from the upper major secondary coverts.
2. Anteriorly from the upper major primary coverts.
3. Posteriorly and medially on the alula.
4. Posteriorly from the anterior margin of the prepatagium.
5. Anterolaterally from the posthumeral tract.
The last feathers to change are usually the marginal coverts
on the hand and on the center of the prepatagium. The
course and schedule of molts on this tract appear the same
in both sexes during the first 6 months.
Under alar tracts {fig. H2)
The under alar tract is among the last and the slowest
to develop its feathers. The tips of juvenal feathers do not
start to appear here until about the 18th day, and they
continue to appear almost until the 63d day. Even the
earliest of these new feathers do not reach maturity until at
least the 55th day. Their subsequent history is not certain
because feathers of the second and third generations resemble each other closely. The molt into third-generation
feathers seems to begin about the 77th day, and many of

DEVELOPMENT OF PLUMAGES
these feathers are fully grown by the 131st day. At 175
days, there is not yet a sign of the fourth plumage.
The first molt starts in the distal two-thirds of the rows
of under major and median secondary coverts. Next to change
are the marginal coverts on the anterior border of the wing
and the more proximal of the under major primary coverts.
Femoral tracts (fig. 14^)
The femoral tracts (right and left) are among the earliest
to start molting but the last to finish. The tips of juvenal
feathers appear here on the 9th or 10th day, just after they
have emerged on the humeral tracts. It is not until about
the 90th day, however, that most of the natal plumage has
been replaced. A few natal downs persist at the knee until
almost 161 days. The second-generation feathers are slow to
grow, and the first of them are not fully grown until the 44th
day. Third-generation feathers appear above the skin about
the 62d day, and first reach maturity about the 105th day.
In some chickens, the second-generation feathers over most
of these tracts are replaced by third-generation feathers
more rapidly than they, themselves, replace natal downs at
the knee. The thighs of these birds are consequently furnished with only first- and third-generation feathers from
about the 124th day until the natal downs are lost. The
fourth generation of feathers is introduced about the 138th
day.
The first molt begins along the posterior border of the
tract and proceeds forward. It progresses most rapidly
across the dorsal border of the tract. A second wave of
molting soon starts along the dorsal border and passes
downward, last affecting the feathers on the knee and the
area just in front of it. The feathers do not complete their
growth in the same order that they were molted. The posterior feathers appear before the anterior ones but, being
larger, take more time to complete their development.
Subsequent molts also start at the posterior side of the
tract, but their progress is no longer regular.
Crural tracts (fig. lJf2)
The legs rank with the face, the knee region, and the
underside of the wings as one of the last regions to lose the
natal down. The tips of second-generation feathers first
appear above the skin about the 18th day. It is not until
about the 90th day that all the downs have been replaced.
The second-generation feathers complete their growth from
about the 37th until the 113th day. Third-generation feathers begin to appear about the 84th day, and the molt is
almost completed by the 175th day.
The foci of molting and feather development in these
tracts are around the ankles. Waves of molting and maturation proceed upward, faster on the posterior side than on
the anterior. They also spread around the legs, faster on
the medial surface than on the lateral. Accordingly, the last
feathers to molt and to finish their growth are those on the
anterolateral surfaces, below the knees.
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Dorsal caudal tract (no chart)
The tips of second-generation feathers emerge above the
skin on the upper side of the tail from about the 13th to the
36th days. The earhest of these feathers complete their
growth by the 35th day. The upper major tail coverts above
the outer rectrices develop before the rectrices themselves,
just as happens with the outer primary remiges. Thirdgeneration upper major and minor coverts begin to appear
by the 55th day, but in some birds it may take until at
least the 103d day before all the juvenal feathers have been
replaced. There are no signs of the fourth-generation feathers
even by the 175th day.
Molting and growth proceed from the upper major coverts
to the minor coverts and other feathers. They progress
laterally from the midline in each row. These sequences
break down during the maturation of the third-generation
feathers, which develop somewhat at random.
Ventral caudal tract (no chart)
The first molt takes place about 5 days later on the under
side of the tail than on the upper side. Second-generation
feathers appear from about the 18th day to the 40th. The
first of the new feathers complete their growth by the 35th
day, and the rest reach maturity during the next 4 weeks.
The subsequent history of the plumages on this tract is
obscure because of the similarity between second and third
generation feathers. It appears that the latter are introduced during a long period of time, but that some secondgeneration feathers may still be present at 131 days.
Molting and development generally start with the under
major coverts near the mid ventral line and progress anteriorly and laterally through the tract.

Changing Composition of Feathering
The history of any tract shows that the age-composition
of its feathers changes constantly, starting at hatching or
soon afterward. This state of flux lasts until the chicken is
at least 6 months old, the duration of our study. It can
best be seen by surveying the entire feathering of a chicken
at each of several ages. This approach shows not only the
changing mixture of plumages but also the foci and gradients
of molting and feather development. The descriptions that
follow are illustrated by a series of diagrams of the pterylosis
of a fully grown chicken (figs. 143-156). Although the shape
of the body, and hence that of the tracts, changes as the
bird grows, the numbers and relative placement of the
feather follicles remain constant from hatching onward. In
each diagram, all the feathers of a particular generation are
shown in a certain color. The colors used for the different
generations are the same as those already used in figure 126
and in the bar charts. In all generations, feathers that are
still growing are designated by circles, whereas those that
are fully grown are designated by dots. These symbols
correspond to the striped and the sohdly colored areas,
respectively, in the bar charts. The combination of colors
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and symbols thus tells the plumage and developmental stage
of every feather shown in the pterylosis diagram,

lateral pelvic, ventral cervical, pectoral, and abdominal
apteria.

0 days (no figure)

55 days (figs. 149,150)

A newly hatched chicken is clothed in natal down except
for certain remiges and rectrices, which are very early immature second-generation feathers.

By the 55th day the second molt has begun, and numerous
third-generation feathers have appeared, A few primary
remiges, rectrices, and humeral feathers of this plumage
are already midimmature. Early immature third-generation
feathers are present on the interscapular, dorsal, pelvic,
dorsal caudal, upper alar, and pectoral tracts, and around
the ankles. The feathering is composed chiefly of fully grown
second-generation feathers; it also includes many immature
feathers of this plumage around the borders of the tracts
and over much of the femoral and crural tracts. Some natal
downs still remain on these two tracts, on the lateral body
tracts, around the eyes, on the dorsal portions of the abdominal tract, and on the ventral cervical apterium.

8 days (figs. US, lU)
At 8 days, most of the rectrices, remiges, and upper major
remex coverts are early to midimmature second-generation
feathers. There are a few very early immature secondgeneration feathers at the posterolateral corners of the
humeral tracts. The rest of the feathers are natal down.
19 days (figs. 145, 146)
At 19 days, all remiges, rectrices, and their upper major
coverts are second-generation feathers. Most of them are
midimmature to late immature, but those at the outer
ends of the rows have not started to break from their sheaths.
Midimmature to late immature second-generation feathers
are present throughout the spinal, humeral, ventral cervical,
pectoral, and caudal tracts. These are surrounded by early
immature second-generation feathers and natal down. Early
to midimmature new feathers also occur at the upper end
of the neck and around the base of the comb, on the upper
and under alar tracts, the sternal and abdominal tracts, the
posterior and dorsal portions of the femoral tracts, and the
crural tracts.
Three weeks after hatching, all the tracts have entered
the first molt. The sequence by which second-generation
feathers began to appear on the tracts .of our birds is summarized as follows:

By
By
By
By
By

the
the
the
the
the

3d day
7th day.
11th day
14th day
17th day

By the 21st day

At 77 days, a few third-generation feathers are already fully
grown in the humeral, upper alar, and ventral cervical tracts
and in the alular remiges, the first two primary remiges, and
the upper major coverts of these remiges. The second molt has
spread, with the result that immature third-generation feathers
prevail on the spinal, humeral, upper alar, ventral cervical,
and pectoral tracts. Fully grown second-generation feathers
are common within and around these tracts; they are the
prevailing category on the head, the under alar, femoral,
crural, sternal, and abdominal tracts. A few second-generation feathers are still growing on all of these tracts except
on the capital tracts. Natal downs now occur only on the
lateral body tracts, the knee regions, and the lateral body
apteria.
108 days (figs. 158,154)

Feathers present—
At hatching

77 days (figs. 151,162)

Primary remiges 1 to 6,
secondary remiges 3 to 11.
Central pair of rectrices.
Upper alar, humeral tracts.
Femoral, pectoral tracts.
Interscapular, dorsal caudal tracts.
Dorsal and ventral cervical,
dorsal, pelvic, sternal, and
abdominal tracts.
Capital, crural, lateral body, ventral
alar, and ventral caudal tracts.

At 103 days, third-generation feathers prevail on most
tracts, though it is only on the dorsal, humeral, and upper
alar tracts that most of these feathers have completed their
growth. Mature second-generation feathers are still the
most numerous type on the capital, under alar, and lateral
abdominal tracts. A few second-generation feathers are
still growing on the crural tracts and the pectoral apteria.
Natal downs persist on the knee regions and the lateral body
apteria.

35 days (figs, 14?, 148)

131 days (figs. 155, 156)

At 35 days, many remiges, rectrices, and their upper major
coverts are fully grown second-generation feathers. This
stage has also been reached in the middle of the ventral
cervical and pectoral tracts, among most of the upper
secondary coverts and upper marginal coverts of the forearm, and around the ankles. Immature second-generation
feathers prevail elsewhere, but natal downs persist in patches
on the face, dorsal side of the wing tip, knee region, and the
underside of the wing. Natal downs are also present on the

At 131 days, the third molt has already begun, and a few
upper secondary coverts, alular remiges, and inner pairs of
rectrices are young, fourth-generation feathers. The feathering consists chiefly of mature or nearly mature third-generation feathers. Fully grown second-generation feathers occur
along the borders of the spinal, humeral, pectoral, and
sternal tracts, over most of the under alar tract, and on the
crural tract. Primary remiges 8 to 10 and secondary remiges
1 and 13 to 18 may also be mature second-generation feath-
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ers. There may not be any immature feathers of this plumage.
Only a few natal downs^ if any, remain at the knees.
171 days {no figure)
At 171 days, fully grown fourth-generation feathers are
common on the interscapular, dorsal, humeral, and upper
alar tracts. The three inner pairs of rectrices have reached
this stage in females, though not in males. The feathering
is mostly composed of immature fourth-generation feathers
and mature third-generation feathers. It is possible that the
latest molt is not as extensive as it seems, and that some
of the immature body feathers actually represent the third
plumage. Immature third-generation feathers, as well as
feathers of more advanced stages, are definitely still present
on the femoral, crural, and under alar tracts. The under
alar tract is the only one that did not show evidence of
fourth-generation feathers in any of our birds. The second
generation is represented only by a pair of secondary remiges
1, and in some birds by a pair of primary remiges 10 as well.
Natal downs have been entirely lost.
The foregoing accounts have shown that Single Comb
White Leghorn Chickens produce four plumages during
their first 6 months of life. The molt into the second plumage
is complete and that into the third plumage is virtually
complete, but the molt that introduces the fourth plumage
is only partial. Since molting does not take place simul-

taneously in all the tracts, a young chicken always wears
feathers of various ages. Indeed, at least two plumages are
always represented in the feathering.
The relative amounts of the plumages change continuously during the first 6 months, as shown in figure 157. To
prepare this chart we first noted the categories of feathers
(generation and degree of maturity) present at each of 22
ages. For every age, we then estimated the percentage of
the feathering in each category. These values were then
plotted in relation to four horizontal lines, each of which
was the axis for a single generation. The percentage of
feathers in a given generation that are still growing was
placed below the line, while the percentage of fully grown
feathers was placed above it. Hence, the height of the shaded
areas above or below the lines indicates the percentage of
that category in the feathering. Separating the generations
in this way shows the fluctuations more clearly than if they
were combined as parts of a single block. The spacing between the horizontal axes is arbitrary, and has no significance
for the meaning of the chart.
It is clear from this chart that the molts overlap in time.
Feathers of the third and even the fourth plumages begin
to appear before the last of the natal downs have been replaced by feathers of the second plumage. As a result, a
chicken is molting or growing feathers somewhere on its
body at all times during at least the first 6 months.

TIMING AND ORDER OF MOLTING
Establishment in the Embryo
Feathers and their folHcles develop from masses of cells
that are first discernible when an embryo is 5 days old.
These feather primordia form in regular sequences within
each tract and among tracts. This process has been investigated by Holmes (1935), Gerber (1939), and Broman (1941),
and we describe it in chapter 7. During the first molt,
feathers in each tract are replaced in much the same order
as that in which their primordia were formed. This sequence
is repeated in at least the next three molts, though with
less similarity.
The sequences of primordium development and of molting
differ most noticeably in the humeral and crural tracts. The
first follicles of the humeral tract arise in a longitudinal row
near the lateral margin; subsequent rows arise laterally and
medially. At the first molt, however, feather replacement
begins at the posterolateral corner of the tract and proceeds
anteromedially. The original sequence reappears at the
second molt, when new feathers first emerge in a longitudinal zone in the middle of the tract.
The first primordia of the crural tract are reported
(Holmes, 1935) to originate in a line down the front of the
leg, with more rows added laterally and medially. Feather
replacement at the first molt begins on both anterior and
posterior surfaces of the leg and spreads, first medially and
then laterally. At the second molt, the process starts on the

anterior and posterior surfaces of the ankle, but subsequent
new feathers appear at random around the leg.
The sequence in which feathers complete their growth
may or may not repeat the sequence of primordium development and molting. On the femoral tract, for example, during
the first molt the wave of feather replacement reaches the
anterodorsal corner of the tract about 3 weeks after it has
started along the posterior border. The new feathers in
both areas become fully grown, however, at the same age.
This appears to be due in part to the fact that the anterodorsal feathers are shorter than the posterior ones (fig. 191)
and hence do not require as much time to complete their
growth. In addition, the posterior feathers may grow at a
faster rate than the anterior ones. Streich and Swetosarov
(1937) demonstrated in pigeons that the longer a feather
will be when fully mature, the faster it grows. If differences
in the size and growth rate are superimposed on the sequence
of molting, it is likely that feathers will complete their growth
in a different order from that in which they began.

Comparison of Sexes
Poultrymen have long known that the plumages of female
chickens tend to appear sooner and develop faster than
those of males. There have been many studies of the rate
(Text continued on page 228.)
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143.—Composition of the feathering on the dorsal side of an 8-day-old Single Comb White Leghorn Chicken. Open
circles represent feathers that are still growing; closed circles, feathers that are fully grown. Colors have the following meaning: yellow, first generation feather; green, second generation; red, third generation; and blue, fourth generation. See also
figures 126 and 144 to 156.
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FIGURE

144.—Composition of the feathering on the ventral side of an 8-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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FIGURE

145.—Composition of the feathering on the dorsal side of a 19-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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146.—Composition of the feathering on the ventral side of a 19-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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147.—Composition of the feathering on the dorsal side of a 35-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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148.—Composition of the feathering on the ventral side of a 35-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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149.—Composition of the feathering on the dorsal side of a 55-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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150.—Composition of the feathering on the ventral side of a 55-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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15L—Composition of the feathering on the dorsal side of a 77-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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FIGURE

152.—Composition of the feathering on the ventral side of a 77-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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FiGUKE 153.—Composition of the feathering on the dorsal side of a l03-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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154.—Composition of the feathering on the ventral side of a 103-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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155.—Composition of the feathering on the dorsal side of a 131-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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156.—Composition of the feathering on the ventral side of a 131-day-old Single Comb White Leghorn Chicken. See
text and figures 126 and 143 for explanation.
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of plumage growth in chickens, a few of which are those
by Radi and Warren (1938), Martin (1929), and Onishi
et al. (1954). The sexual difference in the onset of the
first molt and the rate of juvenal plumage development,
particularly as seen in the primary remiges, has long been
used for sexing baby chicks (Warren, 1942). It can be applied
to certain strains of broiler chickens but not to modern
strains that have been bred for egg production. The latter
are rapid feathering; in both sexes, numerous juvenal feathers have appeared above the skin by the time of hatching,
and they subsequently grow rapidly. In practice, the primary
remiges are simply compared with their upper major coverts
in a day old chicken. If the primaries are no longer than
the coverts, a chicken is male, but if they are longer than
the coverts, it is female.
The chickens we studied showed very few sexual differences in the timing of their molts. The second- and thirdgeneration rectrices and the fourth-generation capital feathers
began to appear above the skin sooner in females than in
males (p. 206). A similar discrepancy in the introduction of
third-generation rectrices has been observed in Silver Spangled Hamburgs (Dunn and Landauer, 1930).
The order of feather replacement appears to be the same

in both sexes of chickens. We found no evidence of sexual
dimorphism in this regard in our birds, and none has been
mentioned in references to other studies.

Comparison of Breeds of Chickens
Breeds of chickens vary in the timing and rate of development of second-generation feathers. The age at which these
feathers are said to appear on a particular tract varies as
much as 6 weeks among reports on several breeds of chickens
(table 9). The feathers tend to appear later and to develop
more slowly in most of the American and other heavy breeds
than in Leghorns, Minorcas, and Anconas. The rate of
growth in the wing and tail feathers is controlled by a single
pair of sex-linked genes, that for slow growth being dominant
over that for rapid growth. The condition of the wing and
tail feathers at 10 days of age is a good indicator of whether
a chicken will develop the rest of its juvenal feathering
slowly or rapidly. Procedures for identifying so-called rapid
feathering and for distinguishing sexes of baby chicks are
described in textbooks of poultry science (Card, 1961:71-74;
Hutt, 1949:134-142).
Inherent differences in the rate of juvenal feather development among breeds are less today than formerly, owing to

MATURE

Third generation

Age in days

157.—Composition of the feathering in Single Comb White Leghorn Chickens, from hatching to 6 months of age.
The percentage of the feathering comprised by each generation and growth stage is indicated by the height of the areas
above and below the horizontal base lines. See text for further explanation.
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9.—Age at which second-generation feathers appear in five breeds of chickens

Tracts

Single Comb
White Leghorn
(present study)

White Leghorn
(early
feathering)
(Radi and
Warren, 1938)

Brown
Leghorn
(Chu, 1938)

Rhode Island
Red (early
feathering)
(Radi and
Warren, 1938)
Days

Capital (head)
Cervical (hackles)
Interscapular (cape)
Dorsal (back)
Pelvic (saddle)
Pectoral (breast)
Sternal and abdominal (ventral) . . .
Humeral (shoulder)
Upper alar (coverts, wing bow, web)
Femoral (thigh, pelvic wing)
Crural (leg)

19
16
13
16
16
13
16
6
1
12
19

21-28
14-21
214-21
14-21
214-21
7-14
21-28
7
14-21
7-14
21

i')
15
^17
17
'17
13
21
3
2
13
{')

21
14
2 14
14
2 14

7
21
7
14
7
14

Barred Plymouth Rock
(Gericke and
Platt, 1932)

Days
42-49
28-35
2 35-42
35-42
2 35-42
21-28
28-35
14-21
42-49
14-21
28-35

Silver Spangled
Hamburg
(Dunn and
Landauer,
1930)
Days
30-40
30-35
25-35
50-60
20-30
35-45
15-20
18-22
15-20
{')

^ Not recorded.
2 Not recorded separately. We assigned this tract the same age as the dorsal tract, in which it was probably included.

improved nutrition, management, and breeding. Chickens
of some breeds, such as Barred Plymouth Rocks, produce
second-generation feathers at an earUer age (and perhaps
more quickly) now than when this breed was studied by
Gericke and Platt (1932).
Some of the differences in data published on various
breeds are probably due to differences in the experiments
themselves. The chickens reported on were kept under
different conditions, particularly the regimes of lighting. The
observers themselves undoubtedly differed in the care and
frequency with which they examined their birds, or in the
criteria they used for determining the ages when feathers
appear.
Molting has been followed in greater detail in the remiges
and rectrices than in other feathers. In comparing our results
with those from studies of other breeds and strains of chickens, it seems convenient to discuss these categories of feathers separately.
Primary remiges
Newly hatched chickens have been reported as showing
seven second-generation primaries in Silver Spangled Hamburgs (Dunn and Landauer, 1930), Brown Leghorns (Chu,
1938), Single Comb White Leghorns (Warren and Gordon,
1935), and several rapid-feathering breeds (Onishi et
al., 1954). Only six such feathers were found in Rhode
Island Reds (Warren and Gordon, 1935), as in the Single
Comb White Leghorns of our study. In slow-feathering
breeds, however, second-generation primaries could not be
seen until about 10 days after hatching, when the first to
sixth primaries emerged almost simultaneously (Onishi et
al., 1954).
Third-generation primaries start to appear above the
skin 40 to 50 days after hatching in rapid-feathering breeds,

as in the chickens of our study. Their appearance may be
delayed until 70 to 80 days in slow-feathering breeds such
as Rhode Island Reds (Warren and Gordon, 1935: Onishi
et al, 1954).
All reports agree that molting of the primaries starts at
the wrist and proceeds outward. There are few variations in
the pattern, and feathers are rarely shed more than one
ahead of the normal order in the series (Marble, 1930).
Individual variation in the retention of the juvenal 10th
primary, observed in our birds, was previously noted in
White Leghorns by Warren and Gordon (1935).
The rate of growth has been shown to vary among secondgeneration primaries (Juhn, 1938), and our observations
support this. As shown in figure 138, the duration of each
feather^s growth and retention until it is molted increases
from primary 1 to 10. This period is not simply proportional
to the length of the feather because primary 10 is nearly
the same size as primary 5. Furthermore, since primary 8 is
the largest of the second-generation primaries but does not
have the longest period of growth and retention, it must
grow more quickly than some of the others.
Secondary remiges
The number of second-generation secondaries present at
hatching has been reported as seven in Brown Leghorn and
Silver Spangled Hamburg chicks (Chu, 1938; Dunn and
Landauer, 1930); all the White Leghorn Chickens in our
study had at least nine such feathers. Rhode Island Red
Chickens have been reported to show three juvenal secondaries when hatched (Warren and Gordon, 1935). The sequence in which the second-generation secondaries appear
above the skin is the same in other breeds as that observed
in our birds.
Third-generation secondaries are introduced in the same
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order as the preceding ones. The order and timing of the
naolt as observed in our birds are similar in most respects
to those noted in other White Leghorns (Warren and Gordon, 1935), Brown Leghorns (Juhn, 1938), and Silver Spangled Hamburgs (Dmm and Landauer, 1930). Molting was
found to continue at least 2 weeks longer in our study than
in others because we included the axial feather and the
secondaries on the elbow as well as those on the forearm.
The only notable difference in timing concerned the juvenal
secondary 1, which was lost at 18 to 20 weeks in other studies
but not until after 25 weeks in our chickens. This feather
was found to be retained for an equally long period in Rhode
Island Reds (Warren and Gordon, 1935). Many variations
in the order of molting among secondaries were reported by
Marble (1930) but we saw none in our birds.

Rectrices
Second- and third-generation rectrices appear at about
the same times in Brown Leghorns (Chu, 1938; Juhn, 1938)
as we noted in our White Leghorns. Rhode Island Reds,
however, do not start to show second-generation feathers
until the second week in females and even later in males
(Hosker, 1936). Silver Spangled Hamburgs, on the other
hand, develop rectrices rapidly, for they already have five
or six pairs of ensheathed juvenal feathers when hatched
(Dunn and Landauer, 1930). These feathers complete their
growth about 1 week sooner than their counterparts in the
White Leghorns of our study. Third-generation feathers
start to appear above the skin during the sixth week in
Silver Spangled Hamburgs as in both varieties of Leghorns.
Fourth-generation feathers, however, are introduced about
the 13th week in Hamburg females but not until the 18th
week in White Leghorn females. In both these breeds, the
fourth-generation rectrices start to appear at least 7 weeks
later in males than in females.
The direction of molting varies among breeds of chickens.
In Brown Leghorns and White Leghorns, molting is centrifugal because it starts with the central pair of rectrices
and proceeds laterally. In Silver Spangled Hamburgs, however, the molting that brings in the third-generation rectrices
is centripetal; it starts with the outermost pair of feathers

and goes toward the center. Curiously, the direction reverses
at the next molt in this breed (Dunn and Landauer, 1930).
The extent to which rectrices are replaced varies among
breeds, and from one molt to the next. The second molt
affects all the feathers in Brown Leghorns and White Leghorns but only the inner six pairs in Silver Spangled Hamburgs. The third molt affects only a few inner pairs in Brown
Leghorns (Juhn, 1938). Its full extent could not be learned
in our White Leghorns because only the first four or five
rectrices in hens had been replaced at the time the study
ended.
Body and limh tracts
Second-generation feathers generally appeared at approximately the same ages in our White Leghorns as in the
early-feathering White Leghorns observed by Radi and
Warren (1938) and the Brown Leghorns observed by Chu
(1938). The order of molting among tracts is therefore similar, except for the later appearance of the wing coverts as
noted by Radi and Warren (1938). Early-feathering Rhode
Island Reds also started to produce most of their juvenal
feathers during the first 3 weeks, but in a somewhat different
sequence (Radi and Warren, 1938).
Late-feathering Rhode Island Reds and White Leghorns
started showing new feathers about 1 to 2 weeks later than
the early-feathering strains (data from Radi and Warren,
1938). Barred Plymouth Rocks and Silver Spangled Hamburgs tended to be even slower in starting and carrying out
the first molt (Gericke and Platt, 1932; Dunn and Landauer,
1930). Feathers appeared at approximately the same ages
on most tracts in these breeds, differing chiefl}^ in the pelvic
and upper alar tracts. It was not until the birds were at
least 7 weeks old that second-generation feathers had begun
to appear on all the tracts of these heavy-bodied chickens.
The sequence in the onset of molting from one tract to
another shows some measure of constancy among breeds, in
spite of the variation in actual ages. The earliest feathers or
tracts tend to be the remiges, rectrices, upper wing coverts,
humeral, femoral, and pectoral tracts. Next come the cervical, interscapular, and dorsal tracts. The last to show juvenal
feathers are the pelvic, sternal, abdominal, capital, and crural
tracts.

COMPARISON OF MOLTS AND PLUMAGES IN CHICKENS
AND OTHER GALLINACEOUS BIRDS
Studies of molts and plumages have proceeded in quite
different directions in domestic and laboratory birds as
compared with those in nature. Intensive research on domestic chickens, turkeys, ducks, and pigeons has dealt with
the physiology of molting. Extensive studies of species in
nature have dealt with gross changes in the feathering as
caused by plumage replacement, and with the relationship
between molting and other events in the annual cycle.
Plumages have been analyzed primarily so that they can
serve in identifying birds as to species (or subspecies), age.

and sex. Unfortunately, poultry scientists and laboratory
zoologists, on the one hand, and ornithologists and wildlife
biologists, on the other hand, seem to have paid little attention to each other's w^ork. This has been detrimental for all,
since each has methods and information that would be
useful to the rest. The former bring detailed knowledge of
how molting operates, while the latter bring an understanding of it as a natural process that is part of the whole biology
of a bird.
To conclude this chapter, we will briefly survey the early
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molts and plumages of gallinaceous birds in nature, and
compare them with those in chickens. This will give some
idea as to how far the conditions found in the domestic
birds typify those of the galliform order as a whole. Such
an appraisal may be useful when observations on chickens
are applied to other species, and vice versa.
A comparison of molts and plumages between domestic
chickens and true, wild junglefowls would be extremely
interesting. It is not possible at present, however, because
of the apparent lack of detailed information on junglefowls.
Many captive junglefowls in the United States are not
reliable for a study of the molts and plumages of wild birds
(Kimball, 1958).
Information on the molts and plumages of many gallinaceous birds can be found in the works by Bent (1932), Dwight
(1900b), Stresemann and Stresemann (1966), and Witherby
et al. (v. 5, 1944). References for particular species are cited
in conjunction with the discussion of those species in the
following account. In all these books and articles, the concept of plumage is more nearly equivalent to a stage of
feathering than to a generation of feathers, as used here.
Date on the timing and order of molting in most tracts are
scarce. Attention has been focused on the history of the
primary remiges because these have proved to be very useful
for estimating age in many species.

General Sequence
First molt and second plumage
All gallinaceous chickens are covered with a dense coat of
down when they hatch. The first (prejuvenal) molt is already
under way, for a few second-generation feathers appear
above the skin within a few days, if indeed they are not
already apparent. These earliest juvenal feathers are invariably some of the remiges. New feathers generally emerge
next on the upper alar, pectoral, humeral, interscapular,
femoral, and caudal tracts. They appear later on the spinal,
abdominal, and crural tracts, and last of all on the capital
tracts. This molt is eventually completed though it may
take a long time—more than is generally recognized. As we
have seen in Single Comb White Leghorn Chickens, natal
down feathers may persist and be concealed by juvenal
feathers long after they have disappeared from the face.
The sequences of molting among and within tracts vary
somewhat among species. Variation in the order of tracts is
illustrated by the relative timing in the appearance of
second-generation rectrices and pectoral feathers. These
start concurrently in the California Quail {Lophortyx californicus) (Raitt, 1961), whereas the rectrices come first in
turkeys (Leopold, 1943) and the pectorals come first in the
Ruffed Grouse (Bonasa umhellus) (Bump et al., 1947), Bobwhite (Colinus virginianus) (Lyon, 1962), and Common
Coturnix (Lyon, 1962). Tracts themselves differ in the
uniformity of their foci and gradients of molting. On the
head, for example, the process invariably seems to start
along the middorsal line of the crown and to finish around
the eyes. In the humeral tract, on the other hand, molting
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begins at the anterior end of the Ruffed Grouse, at the
center in the Gray Partridge {Perdiz perdix) (McCabe and
Hawkins, 1946), and anywhere in the tract in the Bobwhite
or the Common Coturnix. The sequence of feather replacement during the first molt, as seen in Single Comb White
Leghorn Chickens, is similar to that in galliform birds in
nature.

Second molt and third plumage
The second (first prebasic) molt usually begins within 4 to
6 weeks after hatching. In many species, including chickens,
natal down is still present on the head and the sides of the
body. This contradicts the statement by Chu (1938:536)
that '^only after the feather tracts are completely developed
does moulting and replacement of chick [second-generation]
feathers take place."
The earliest third-generation feathers to appear in most
galliform species are the primary remiges, but in chickens
and turkeys, both domestic and in nature, they are the
rectrices. The subsequent order of molting is fairly similar
among the species, so far as is known. The head and throat
are usually the last regions to show new feathers, but in
the California Quail, Ring-necked Pheasant (Phasianus
colchicus) (Westerskov, 1957), and Scaled Quail (CaUipepla
squamata) (Wallmo, 1956), they are said to molt before
most of the body tracts. This discrepancy may result from
a confusion of two molts. As we have mentioned, the first
molt takes several weeks, and often has not finished before
the second molt begins. The two molts, proceeding concurrently on different parts of the body, are especially hable
to be confused with each other if the last second-generation
feathers to appear resemble the third-generation feathers.
It takes 2 to 3 months for the third plumage to replace
the second plumage all over the body. This is the same
time in gallinaceous birds in nature as that in chickens.
Typically in galhform birds, the two or three outermost
primary remiges in the second plumage are not molted
directly after the inner primaries. They are kept for nearly
a year, that is, until they are replaced during the complete
molt after the first breeding season. The same phenomenon
also occurs with the upper major primary coverts and affects
the outermost feathers in some species and all of these
feathers (usually) in the New World quail (subfamily Odontophorinae) (Thompson and Kabat, 1950). On the other hand,
there are groups such as curassows, megapodes, francolins,
and certain silver pheasants (Gennaeus spp.) in which all
the second-generation primaries and their coverts are molted
as usual (Stresemann, 1965). The fact that Ring-necked
Pheasants and chickens may also molt all these feathers
before they are fully grown is thus unusual but not unique
for gallinaceous birds. We have found that some chickens
are very slow to finish molting, for they still have their 10th
second-generation primaries when they are 6 months old.
Wild turkeys retain both outer primaries whereas domestic
turkeys replace the ninth second-generation primary
during their first winter (Leopold, 1943).
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The third plumage in gallinaceous birds is almost invariably repeated through complete molts in subsequent years.
Under these criteria, it represents the ^^first basic plumage'^
in the Humphrey-Parkes system. According to Lyon (1962),
the early plumages of Common Coturnix may be an exception
to this pattern.

Third molt and fourth plumage
Differences in the sequence of plumages within the order
Galliformes show up after the third plumage has been established. In some species, this entire plumage is worn until
after the first breeding season. Then in the fall, when the
birds are about l}i years old, they undergo a complete molt
into a fresh plumage. The fourth and subsequent plumages
are repetitions of the third; hence they can all be termed
basic, whereas the molts are prebasic. In summary, these
birds have only a complete (prebasic) molt and one (basic)
plumage per cycle. This pattern is shown by the Chachalaca
(Ortalis vetula), Blue Grouse (Dendragapus obscurus), Ruffed
Grouse, California Quail, Ring-necked Pheasant, Red-legged
Partridge (Aledoris rufa)^ and Chukar (Aledoris chukar)
(Bureau, 1911, 1913; Watson, 1962).
Many species pass through a third molt during their first
year, and replace some of their third plumage. The new
feathers usually differ in color brightness from those preceding them. They constitute an alternate plumage and the
molt that introduces them is prealternate. This fourth
plumage and the remainder of the third plumage are both
molted in the fall, when the birds are about 13^ years old.
Thereafter, the birds have a complete (prebasic) molt and a
partial (prealternate) molt per cycle. Their feathering is
composed at first of a single (basic) plumage, but later of
two plumages (a basic and an alternate). The partial molt
usually occurs before the breeding season, starting in winter
or spring.
The plumage brought in by this molt is restricted in some
species to the head and neck; it often consists of only a few
feathers. Such a limited plumage can be found in the Capercaillie (Tetrao urogallus) (known from males only according
to Witherby et al, 1944), Black Grouse (Lyrurus tetrix)
(known from males only according to Witherby et al., 1944),
Greater Prairie Chicken (Tyrnpanuchus cupido), Sharp-tailed
Grouse (Pedioecetes phasianellus), Bobwhite, Mountain
Quail (Oreortyx pictus), Harlequin Quail (Cyrtonyx montezumae), Scaled Quail, and Gray Partridge. An extensive
(alternate) plumage that covers much of the body can be
seen in ptarmigans and their close relative, the Red Grouse
(Lagopus scoticus).
A most unusual partial molt occurs in three of the four
species of junglefowls (Gallus gallus, G, sonneratii^ and G.
lafayettii) in summer, during or after the breeding season.
It has been reported (Baker, 1930; Delacour, 1951) to take
place only in males but Morejohn (1968:62) found it in
both sexes of sonneratii. The long, lanceolate, brightly
marked hackles are replaced by short, spatulate feathers
colored black, dark gray or brown. Delacour stated that the

rectrices are also replaced, but he gave no details about any
change of color. This situation is the reverse of that usually
found among gallinaceous birds in which the alternate
plumage is brighter or bolder than the basic plumage.
Junglecocks are said to be in eclipse plumage while wearing
these somber feathers. This term has been used by some
(e.g., Delacour, 1951; Kimball, 1958) in reference to the
appearance of the entire feathering, but by Morejohn (1968)
in reference to the new generation of feathers alone. The
partial molt is accompanied in males by a diminution of
masculinity as seen in the secondary sexual characters and
behavior (Kimball, 1958; Morejohn, 1968:62). In summary,
the partial molt is unusual in its time of occurrence, the
character of the plumage it introduces, and in the concurrent
changes elsewhere in the body.
The homology of plumages in junglefowls is uncertain,
but at least the bright plumage appears to be equivalent in
all four species. Several pieces of evidence indicate that the
bright plumage is basic and the eclipse plumage is alternate.
The former is introduced by a complete molt and the latter
by a partial molt. Only a bright plumage is worn by the
Green Junglefowl (Gallus varius). The hackle feathers of
the first basic plumage in G, gallus are the bright, lanceolate
type although shorter and duller than those of adults.^
Studies by Morejohn (1968) support the above interpretation of the plumages of junglefowls.
Additional molts and plumages
Ptarmigans have three plumages per annual cycle after
their first year. The third (supplemental) plumage is acquired
by a partial (presupplemental) molt that replaces most of
the preceding plumage on the body tracts. This molt occurs
in the spring, but its timing varies among local populations,
as shown by Salomonsen (1939).

Molting of Rectrices
The sequence of molting on the tail differs among gallinaceous birds, even within the family of quail, pheasants, and
peafowl—the Phasianidae. The partridges, francolins, and
their allies have a centrifugal tail molt, whereas the true
pheasants, including the junglefowls, are characterized by a
centripetal tail molt (Beebe, 1918). In the argus pheasants
and peafowl, molting starts at the third pair of rectrices
from the center and proceeds both outward and inward.
Certain pheasants and partridges replace their juvenal
rectrices by a centrifugal molt but later generations replace
them in the opposite direction (Mueller and Seibert, 1966:
494). Silver Spangled Hamburg chickens replace feathers
centripetally at the first molt but centrifugally thereafter.
Junglefowls regularly molt their rectrices in centripetal
order, whereas both Brown and White Leghorns follow
centrifugal order.
The number of rectrices in gallinaceous chicks of many

^ Kenneth C. Parkes. Written communication.
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species gradually increases until the final number is reached
(Stresemann, 1965:62). As an example, Stresemann stated
that in Gallus (whether junglefowl or domestic chicken
not specified) the original five pairs increase to six during
the first molt, and a seventh pair is added in the second molt.
This process was accelerated in our Single Comb White
Leghorn Chickens, for the seventh pair was introduced during
the first molt. In some individuals, even an eighth pair was
added at this molt. Variability in the number of tail feathers
of these birds is shown in table 5 (p. 161).

Discussion
We have uncovered four unusual aspects of the early
molts and plumages of chickens, as follows: (1) The second
molt begins with the rectrices in chickens and turkeys, but
with the primaries in other species. (2) Second-generation
primaries 9 and 10 may be replaced rather than held during
the first year. (3) The fourth plumage during the first year
includes several remiges and rectrices as well as body feathers, whereas in most other species it is confined to the body
feathers. (4) Rectrices are molted in centrifugal order (at
least after the first molt), in contrast to the centripetal
order in junglefowls and closely related pheasants.
The first three plumages of chickens are clearly equivalent
to those in junglefowls and other gallinaceous birds. The
homology of the fourth plumage, however, is uncertain. The
fact that it follows a basic plumage suggests that it is an
alternate plumage. As such, however, it is different from
the eclipse plumage (feather generation) of junglefowls in
timing and extent. If chickens after the first year were
known to have a partial as well as a complete molt every
cycle, this would be evidence for regarding the fourth plumage as an alternate. Data on chickens more than 1 year old
are very scanty, but they suggest that normally there is
only a complete molt every fall (Card, 1961: 100). It is
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possible that a partial molt does take place but has been
overlooked owing to the unchanging color of the feathers,
like the molt into eclipse plumage of female Gray Junglefowls.
Some chickens may replace a few neck feathers in the
spring if their molting has not been inhibited through management and feeding. This is reminiscent of the partial
(prealternate) molt in many gaUiform species, but it is far
from a repetition of the first-year molt into a fourth plumage.
It does not seem plausible to interpret the fourth plumage
as an alternate, derived from a plumage of very limited
extent in junglefowls. Parkes^ suggested that this plumage
may better be regarded as a second basic. Its occurrence
soon after the first basic plumage suggests that the cycle
of molts during the first year has been compressed and
accelerated. This may have been a consequence of selective
breeding for rapid growth or earher onset of egg production.
These hypotheses on the sequence and homology of plumages
in domestic chickens cannot be tested further until more
is known about the molts and plumages of young junglefowl
and of chickens more than 1 year old.
In general, the order of feather replacement differs no
more between chickens and gaUiform species in nature than
these species differ among themselves. The sequence of
plumages, however, differs to a greater degree, because
chickens have a fourth or extra plumage during the first
year. This phenomenon may indicate the extent to which
chickens have become modified from their ancestral stock.
Still, they are similar enough so that knowledge of the
physiology and mechanism of feather replacement in chickens can be applied to other gallinaceous birds. Conversely,
the concepts of molts and plumages as gained from the
study of species in nature can be applied to domestic birds.
2 Kenneth C. Parkes. Written communication.

CHAPTER 5

Structure of Feathers
INTRODUCTION
Feathers are probably the most complex derivatives of
the integument to be found in any vertebrate animal. Their
many parts display an enormous variety of modifications.
Size, alone, often has a very wide range. The longest tail
feathers of a rooster, for example, may be more than 1,000
times as long as the feathers on its eyelids. Even a single
bird bears such diverse feathers as (1) large, stiff remiges
and rectrices; (2) moderate-size, partly firm feathers that
cover the body; (3) small, fluffy down feathers; (4) hairlike
filoplumes; and (5) tiny bristles on the face. These five
categories represent the five main structural types of feathers. Subordinate types can be distinguished under some of
these main types. Our classification of feather types is based
on that of Chandler (1916). Other workers have classified
feathers along slightly different lines, but this is not surprising in view of the fact that the categories are not always

clear cut. Examination of a bird reveals intergrading feathers
between most categories. Sometimes it is necessary to
establish criteria for classification rather arbitrarily, but it
seems more convenient to do this than to have to cope wdth
large, ill-defined polymorphic groups.
The terms of orientation for a feather are determined by
intrinsic features and are independent of the feather's location on the body. The outer surface can always be told by
the smooth side of the shaft; it faces away from the body
except in certain coverts on the underside of the wing. The
terms, proximal (or basal) and distal (or terminal), can be
used to indicate location along the shaft. They have a special
meaning, however, when applied to the branches of the
shaft, as discussed on page 247. Other terms of orientation
are introduced as they are needed.

CONTOUR FEATHERS
The predominant feathers on a bird's body are known as
contour feathers. They have also been called pennae (singular: penna); but in spite of its conciseness, this synonym is
not commonly used. In describing the structure of feathers,
we will start with this type because it is the most familiar
and because it incorporates nearly all the parts to be found
on other types of feathers.

Typical Body Feathers
Previeiv of major parts
The major parts of a body contour feather are the shaft,
the plates or vanes on either side of it, and, in most birds,
an afterfeather on the undersurface (fig. 158). The shaft
(quill) is the longitudinal axis and is composed of two segments, the calamus and the rachis. The calamus (barrel) is
the short, tubular base, largely implanted in the feather
follicle. It is approximately circular in cross section and
often slightly tapered toward the ends. At its lower end is a
hole, the inferior umbilicus, through which the pulp entered
the feather during its growth. The hole is closed by a horny
plate in a fully grown feather.
The rachis is the long, essentially solid portion of the

shaft above the skin. On each side of this shaft is a row of
closely set, fine branches that are known individually as
barbs and collectively as a vane (web, vexillum), Proximally,
each vane is fluffy, while distally it is firm and flat. The
division between the calamus and the rachis is marked by
the lowermost barbs and by a small opening to the calamus,
the superior umbilicus {umhilicus superior^ umbiliciform pit)
on the ventral surface of the shaft (fig. 159). The rim of the
umbilicus {ora umhilici superioris) often carries an afterfeather in the form of a cluster of barbs or even a small,
featherlike appendage. The term ^^ afterfeather'^ is a translation of the German word, ^'Afterfeder," introduced by
Studer (1878), but it does not seem to have been previously
used in English. The featherlike form of an afterfeather
consists of. an axis, the aftershaft (hyporachis), with its own
vanes. We have not found any name for the latter, and
therefore suggest that they be called aftervanes (hypovexillum, -a). An afterfeather is not an accessory to a feather but
an integral part of it. The barbs of the afterfeather, whether
they arise from an aftershaft or the rim of the superior
umbihcus, form a row around the shaft that is continuous
with the lower end of the vanes (fig. 159). Discussion of
afterfeathers is resumed on page 252.
235
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Vane ■

Rachis
Afterfeather-| Aftervane
I Aftershaft
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-Shaft

Superior umbilicus
Inferior umbilicus1 cm.
FIGURE

158.—Main parts of a typical contour feather, exemplified by a feather from the middle of the dorsal tract of a Single
Comb White Leghorn Chicken.

Cjalamus
The calamus is a tubular structure composed of stratified,
squamous epithelium and is never pigmented. The wall is
solid for most of the length of the calamus (fig. 160, A), but
the intermediate and sheath layers separate (fig. 160, just
above the cross section taken at E). The former layer is
thick, the latter is thin. The intermediate layer continues
distally into the circle of the rachis, the hyporachis if any,
and their barbs. The outer layer continues into the long,
tapering sheath that encloses the feather during its early
growth. Later, the sheath disintegrates, and its only remnant
in a fully grown feather is a collar around the calamus, just
below the superior umbilicus (fig. 161). Freed from the
sheath, the barbs unroll, and the originally tubular form of
the intermediate layer is lost (fig. 160, JD).
Inside the calamus is a thin-walled tube that contains a
nimiber of transverse partitions (fig. 159). It is formed from
the innermost or basilar layer of the epidermis of the feather
germ. Vascularized pulp fills the tube during the early phase
of feather growth but this is later resorbed, starting at the
tip (for details see ch. 7, pp. 381-383). As this happens, the
epidermal membrane around the pulp becomes cornified at
periodic intervals and forms a series of downward-opening
cups known as pulp caps (galerus pulposus) (Lillie, 1940).
This name seems better than the more commonly used
name, feather caps, because it refers to the location of the

structures during their formation. These pulp caps can be
seen inside the calamus because the wall is unpigmented
and somewhat transparent. If a piece of the calamus is cut
away, one can clearly see that each pulp cap consists of a
plate and the segment of the tube proximal to it. The plates
may be concave, convex, or curved in a more complex manner, and the wall is often compressed and folded lengthwise.
These variations appear to result from the partial collapse
of the tube after it has dried. A cornified strand, the remains
of the axial artery in the pulp, runs through the centers of
the caps.
The stalk of caps originally extends through the superior
umbilicus to the tip of a feather. The portion next to the
rachis is fragile, however, and breaks off when it is exposed
by the unfolding of the barbs. A few external pulp caps on
the underside of a remex are shown in figure 161. Inside the
calamus, the pulp caps go from one vunbihcus to the other;
they may adhere to the inner surface of the calamus wall
or they may be freely suspended. The caps beside the rachis
and in the distal two-thirds of the calamus are spaced fairly
evenly, but those in the basal third are progressively closer
together. The lowermost plate closes the inferior umbilicus.
The caps inside the calamus differ from those beside the
rachis in cross-sectional shape and in the contour of the
wall. Figure 159 shows that the internal caps are circular
and have a smooth wall, whereas the external caps are
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variously ridged (as in fig. 159), flattened, or concave on
the upper surface; the wall of the external caps bears many
fine, parallel grooves that run longitudinally or slightly
diagonally. The contour of the upper surface is produced
by the impression of the rachis, and the fine grooves are
produced by the impression of the barbs into the basal
layer of epithelium before it becomes cornified. The roof of
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an external cap was never in contact with the barbs and
therefore is not grooved.
Rachis
The rachis has already been characterized as the long
segment of the shaft that bears the barbs. A second feature
distinguishing the rachis from the calamus is that it is essentially sohd instead of tubular. It is a thickened continuation
— Ventral groove

Ventral ridge

Axial artery

Hyporachis
Barb of hyporachis

Superior umbilicus

Remnant of feather sheath

Internal pulp cap
Calamus wall:
— Outer layer (sheath)
Intermediate layer

Basilar layer
(pulp epithelium)

ffB.£ln/IN&

Inferior umbilicus

159.—Calamus and proximal end of rachis in a typical contour feather of a Single Comb White Leghorn Chicken.
The pulp caps start beside the rachis and extend into the calamus. The wall of the calamus has been cut and is turned back
to show its layers.

FIGURE

238

CHAPTER 5—STRUCTURE OF FEATHERS
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160.—Layers of the epidermis and the dermis in a growing contour feather. Inserts A through D are cross sections
through the feather at the levels shown by the heavy arrows. Compare D with figure 165, A, and C with 165, B.
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of the middorsal portion of the original feather tube, beyond
the basal remnant of that tube, which later becomes the
calamus (fig. 160, B, C, D).
In a fully grown feather, the lower end of the rachis arises
as a pair of thickenings in the sides of the calamus, at or
close below the superior umbilicus. Here the intermediate

layer of the wall contains pith—a firm, spongy tissue formed
from the keratinized walls of large, polygonal, epithelial
cells. Because of the air inside these cells, the rachis is
opaque, in contrast to the transparent wall of the calamus.
The bars of pith swell and fuse; therefore, the rachis is as
wide and very nearly as thick as the calamus at the level
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where the rachis emerges from the superior umbilicus.
The lumen of the calamus is almost obliterated, and the
pulp and subsequent pulp caps are constricted as they
pass through the superior umbilicus. The rachis extends
nearly to the tip of a feather, ending at the last symmetrical
branching of barbs in the midline. This point is easily located if the last barbs are simple but requires a close look
if either or both of them are divided.
Cross sections (figs. 159, 162, and 165, A) show that the
rachis is generally four-sided and slightly wider than thick.
The upper surface is slightly convex and the sides, that hold
the barbs, are flat or convex. The under surface is marked in
the proximal portion by a pair of ridges that correspond to
the bars of pith described previously. The depression between
them—the ventral groove—^varies in width and depth. Two
layers can be seen in the rachis—a thick, inner medulla
composed of pith, and a thin, outer cortex, the same compact
tissue as the wall of the calamus. One or more ridges of
cortex (cortical ridges) often project downward into the
medulla along the upper side of the rachis. From the outside
the ridges appear as fine dark lines against the paler pith.
As the rachis tapers, the ridges do not converge but simply
disappear along the sides.

Vanes and the measurements of barbs
The shaft serves as the scaffold of a feather while the vanes
provide the surface for an airfoil or for covering and insulating the body. Texture is the most important characteristic
of the vanes. Variation in texture is related to the structure
of the barbs and the function (s) of the feather. The proximal
portion of the vanes has a soft, loose, fluffy texture designated as plumulaceous or downy (fig. 158). This portion,
concealed by other feathers, gives a feather its property of
insulation. The remaining portion of the vanes has a firm,
compact, closely knit texture designated as pennaceous. It
is a thin sheet of barbs that covers the body. The proportion
of downy and pennaceous texture varies and is one of the
criteria for defining certain types of feathers. A body contour
feather has some of each, though the downy part may range
from very short (as in upper major coverts of the remiges)
to nearly the full length of the vanes (as in some sternal
tract feathers). Remiges and rectrices have entirely pennaceous vanes, whereas semiplumes are entirely pliunulaceous.
The vanes of most contour feathers are 1.2 to 4 times
longer than their combined greatest width. Some feathers,
such as the lesser sickles and the lateral pelvic feathers of

Ventral groove of rachis

Pennaceous barbs of vane

Remnant of axial artery
External pulp cap

Plumulaceous barbs of vane

Umbilical barbs
Rim of superior umbilicus
Remnant of feather sheath
Pith
Calamus

Internal pulp cap
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161.—Region of the superior umbilicus on the under side of a primary remex from a Single Comb White
Leghorn Chicken.
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Distal
Ends of feather
FIGURE

162.—Oblique ventral view of a segment of a contour feather showing the orientation of the barbs, the attachment of
rami to the rachis, and the internal structure of the rachis. Single Comb White Leghorn Chicken.

adult male chickens, are relatively much longer. Vanes can
be designated medial or lateral, dorsal or ventral in relation
to the long axis of the body.
Except for color, there is probably no property of feathers
as diverse as shape. It is understandable that no general
review of this subject seems to have been published. The
more common shapes were classified by Coues (1903: 121),
but his scheme confuses the shape of the whole feather with
that of the tip. These feathers are better treated separately,
as botanists do in their description of leaves. In one of the
most common shapes, ovate, the feather is broadest near
the basal end; it is exemplified by many body feathers on a
chicken. The opposite shapes, obovate and spatulate, are
illustrated by semiplumes and contour feathers with short,
broad, loosely pennaceous tips such as occur on the sternal
and abdominal tracts of a chicken. Lanceolate (attenuate)
feathers are narrow in relation to their length; they attain
their maximum width a short distance above the base and
taper from here to the tip. Feathers of the dorsal cervical
tract of adult male chickens illustrate this shape. The tip
of a contour feather is most often rounded or bluntly pointed.
Sharply pointed tips are exemplified by feathers along the
borders of the pelvic tract in a male chicken, and truncate
tips are common on the body feathers of turkeys.
Feathers with pennaceous vanes are usually curved to
some degree. They may curve downward toward the under
surface, as seen clearly in the small feathers near the margin
of the anterior alar patagium (prepatagium). In the feathers
at the anterior end of the pectoral tract, the plimiulaceous
part is nearly perpendicular to the skin, whereas the pennaceous part is curved posteriorly. Feathers may also curve
sideways along the rachis, as exemplified by the major

upper tail coverts of a junglecock or rooster. To a lesser
degree, lateral curvature is shown by the upper coverts of
the remiges in many birds. Finally, the vanes may be curved
from the rachis laterally. In body contour feathers there may
be a sHght ventral curvature in this (frontal) plane, but in
the outermost primary remiges of such birds as swans, the
inner vanes slope downward and then sharply upward. This
shape is clearly related to the aerodynamic function of these
feathers.
The number of barbs in a vane ranges from a couple of
dozen to several hundred, depending on the size of the
feather, its location on the body, and the species of bird.
The vane of a pectoral feather from a Ruby-throated Hummingbird {Archilochus colubris) may be 9 mm. long and have
28 barbs; the vane of a comparable feather from a Single
Comb White Leghorn Chicken may be 88 mm. long and
have 266 barbs. Barbs do not attach to opposite sides of
the shaft at exactly the same level, yet the total number of
barbs is very nearly equal in both vanes.
The spacing of barbs varies among feathers and also
along the rachis of a single feather. In body contour feathers,
the barbs are generally very close together at the base.
Their spacing increases abruptly in the next higher barbs,
and then more gradually; the barbs are farthest apart near
the tip. Barbs at the midpoint may be as far apart as those
at the tip, but usually this distance has been cut by as much
as one-half. The spacing of barbs in a few feathers is presented in table 10.
The width of a vane depends on two variables—the length
of the barbs and their angle from the rachis. The shortest
barbs are at the ends of the vane, but the longest ones may
be anywhere in between. Commonly, the length of the barbs
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TABLE

10.—Spacing of barbs in body contour feathers

Species

Tract source
of feather

Average distance between barb centers at
three locations on vane'
Base

Mallard {Anas platyrhynchos)
Red-tailed Hawk (Buteo
jamaicensis).
Common Coturnix [Coturnix
coturnix).
Single Comb White Leghorn
Chicken.
Mourning Dove (Zenaidura
macroura).
Ruby-throated Hummingbird
(Archilochus colubris).
Common Crow (Corvus
brachyrhynchos).

Interscapular
Interscapular

Middle

Tip

Microns Microns Microns
119
333
625
217
555
714

Pectoral

217

454

833

Interscapular
Pectoral
Sternal

156
156
132

357
417
294

625
417
625

Pectoral

182

333

400

Pectoral
Interscapular

250
333

556
625

625
833

' Calculated from the number of barbs in a 5-mm. span, except in
the hummingbird, where a 2-mm. span was used.

increases markedly from the superior umbilicus to a point
one-fourth to one-third the distance along the rachis. It
then remains constant for a short distance and gradually
decreases to the tip. The angle of the barbs tends to change
in a simpler manner, being greatest at the base of the vane
and becoming more acute toward the tip. This change is
very subtle because adjacent barbs appear to be parallel.
Since the spacing and the angle of the barbs vary in the
same way, barbs generally become farther apart on the
rachis as their angle becomes more acute. This applies not
only to the proximal and distal portions of a vane but also
to the vanes of asymmetrical feathers. We return to this
point in describing remiges and rectrices (p. 255).
Ramus
Before examining the structure of barbs, we must clarify
terminology. Some authors have applied the term "barb"
(barba) to a primary branch of the rachis with its secondary
branches, the barbules; others have applied the term to the

Distal vanule—I

primary branch alone. Ramus has been used as a synonym
of barb in both senses. We restrict ramus (plural: rami) to
the bare primary branch and employ barb as the inclusive
term for a ramus and its vanules. Vanule (vexilla barbae) is
the collective term for all the barbules on one side of a
barb (fig. 163), just as vane refers to the barbs on one side
of the rachis. These and other names for the parts of barbs
and barbules are taken from Chandler (1916) unless otherwise noted.
A ramus has the shape of a somewhat compressed filament that tapers in height from base to tip, as shown in
figure 163. The base of a ramus may be called the petiole
(petiolus) if it is indented by a notch in the ventral border
just before it merges into the rachis. Structures that appear
to brace the ramus are found at this junction in the primary
remiges of certain birds. Cross sections of rami show that
shape is highly variable and may be more or less deltoid
(fig. 166), ovate (fig. 164, A, C, D), lanceolate (fig. 164, B),
or linear (fig. 165, A).
The layers of a ramus are the same as those already described for the rachis—a cortex of sohdly compacted
squamous cells and a medulla of empty, polyhedral pith
cells (fig. 164). A very thin layer covering the cortex was
mentioned by Haecker (1890), but this has not been described by other workers and may be an optical effect
(Strong, 1902: 160). The superficial cells of the cortex form
a pattern of polygons, with their long axes parallel to that
of the barb. The deeper cells are longer, less flattened, and
similar in shape to the cortical cells in mammalian hair
(Auber and Appleyard, 1951: 736).
The medulla of a ramus starts just beyond the petiole
and is not continuous with that of the rachis (fig. 165, A).
Since it is confined to the body of a ramus, there is a contrast between the medulla and the ridges of transparent
but sohd cortex above and below it. In most birds the medulla
is composed of many irregularly packed cells, but in the
remiges of owls and goatsuckers there is but a single vertical
layer of cells (Mascha, 1905: 5). Typical medullary cells
fuse together so completely that no boundary can be seen
between them. There are two forms of such cells—(1) apparently thin-walled cells that enclose a single cavity (fig.
164) and (2) spongy cells, that is, cells pervaded by small
spheroidal vacuoles of various sizes, except for a thin, external
zone of solid appearance (fig. 254, A). In the second type, a

Petiole of ramus-

Proximal vanule
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1
2.0 mm.

1 Notch of ramus

163.—Side view of a pennaceous barb from a Red-tailed Hawk {Buteo jamaicensis).
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164.—Cross sections of barbs from the inner vanes of remiges. In each section, everything except the barbules
constitutes the ramus.

A, secondary of a Single Comb White Leghorn Chicken.
B, primary of a Yellow-shafted Flicker (Colaptes auratus).

larger vacuole remains amidst the small vacuoles after the
nucleus has been obliterated; it may be situated either at or
away from the center of the cell (Auber, 1957b : 458). Special
medullary cells cause the blue or violet color seen in the
feathers of many birds. These are known as cloudy cells
owing to their microscopic vacuoles; distinct boundaries are
visible between them (fig. 254). These cells and their role
in color production are discussed further in chapter 7, pages
403-406.
Plumulaceous barbules
The branches of a barb are the barbules, also known as
radii (singular: radius), tertiary fibers (Mascha, 1905), and.

C, proximal end of barb from primary remex of a Common Crow
(Corvus brachyrhynchos).
D, distal end of same barb as C.

in German, Strahlen (Nitzsch, 1867). Other synonyms are
listed by Chandler (1916). A barbule is essentially a stalk
of single cells that are serially differentiated to some degree.
It is divisible into a laterally compressed base of fused cells
and a slender pennulum (pennula) of jointed cells.
These parts are seen in a simple condition in the barbules
of down feathers or the downy part of contour feathers. A
plumulaceous or downy barbule (German : Knöpfchenradius.
Hempel, 1931; German: Dunenradius. Sick, 1937) is characterized by a relatively short, straplike base and a long,
slender pennulum (fig. 167). Figure 166 shows cross sections
of several barbules that have been cut progressively farther
from the ramus. The base of a downy barbule usually consists
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of three or four cells that are discernible because of differential
refractility, pigmentation, or reaction to stains in the remnants of their boundaries or nuclei. There are no signs of
the cells in the base of downy barbules in certain herons
and plovers. The base is commonly IJ^ to 3 times as wide
as the proximal cells of the pennulum. It is very much wider
in the downy barbules of turkeys, but scarcely wider than
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the pennulum in albatrosses, cormorants, gulls, and parrots.
The flexibility of these barbules is made possible in part by
the simple, flat shape of the base. Certain downy barbules
are modified by a flat process at the proximal end of the
base. It projects almost perpendicularly from the base on
the side toward the ramus and acts like an angle iron to
stiffen the barbule. This structure was called the ventral

,— Attachment of ramus to rachis

Ramus of pennaceous barb
of vane

I— Attachment of barbule
to ramus
Ramus of plumulaceous barb
of aftervane —,

•:^»»i/.

O.lmm
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Barbule
Ramus
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main part of feather
and afterfeatber.

Plumulaceous barb:
Barbule
Ramus

B

Hyporachis

^^BRFEAt^^^
FIGURE

165.—Cross sections of contour feathers.

A, fully grown feather of a Single Comb White Leghorn Chicken.
As the feather has unfurled from its sheath, its after-vanes have
reversed their curvature and have come to lie spoon-wise beneath
the vanes. Only a few barbs close to the rachis and the hyporachis

are shown on each side. Compare with figures 160, B and 165, B.
B, diagrammatic cross section of a growing feather to show arrangement of barbs. Only a few barbs are shown in the main feather and
the afterfeather. Compare with figures 160, C, 165, A, and 236.
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166.—Cross section of a downy barb of a Single
Comb White Leghorn Chicken. For orientation see
figure 165, B.

FIGURE

lamella (German: ventral Lamelle. Hempel, 1931: 663), but
we suggest ventral flange (arcus ventralis) as a more descriptive term.
The pennulum of a downy barbule resembles a stalk of
bamboo, except that each segment is a single long cell (fig.
167). The cells are either uniformly thick or are swollen at
their distal end. Since each is slightly narrower than the
one proximal to it, the pennulum as a whole is tapered. This
is most evident in barbules that have not lost the pointed
terminal cell and a few cells before it; such damaged barbules
are often seen. The junction of cells has been called the node
(nodus) (Chandler, 1916: 254), but it is more accurate to
restrict this term to the distal portion of a cell, particularly
if it is swollen. The main portion of a cell is the internode
{internodus). A shallow socket in the end of one node holds
the proximal end of the next internode.
The nodes of downy barbules vary considerably among

birds. Their simplest condition, exemplified by the barbules
of cormorants, storks, and herons, is that in which the
nodes are but faintly enlarged. The cells may swell gradually
toward the distal end, as in rails, plovers, and sandpipers,
or they may be of uniform thickness with the nodes marked
by rings, as in turacos. Similar barbules occur in tinamous
and gallinaceous birds, but in these birds the rings (singular: anulus) sometimes break loose and slide along the
pennulum (fig. 214, p. 319). Nodes often have two to four
(rarely one) outgrowths, the nodal prongs (singular: dens
nodosus). These may be no more than the accentuated distal
corners of the cells, as seen in rails, plovers, sandpipers, and
goatsuckers. They may be short, pointed cilia, as in storks
and cranes. Cilia that are nearly as long as the cells occur
in penguins, albatrosses, petrels, and loons; long cilia that
are sometimes forked occur in albatrosses and petrels. The
prongs may take the form of knobs or triangular plates
that project like fins from the nodes. These can be seen on
several cells in the proximal portion of the pennulum in
pigeons and owls (fig. 167) and in the distal portion in ducks
and their allies (fig. 221, p. 329). They have been called trows
(Loconti, 1956: 42), but this term seems inappropriate as
well as unnecessary.
In spite of their simplicity, plumulaceous barbules have
distinctive characters in many orders and sometimes in
lower taxonomic groups of birds. According to Chandler
(1916: 270), these features are "always best displayed by
barbules on the inner portion of the distal vanule of the basal
barbs. Farther distal on either feather or barb, and on the
proximal vanules, the structure is often less specialized, and
lacks some of the characteristic features of the group."
Plumulaceous barbules are less variable than those on the
pennaceous portion of a vane. For this reason they are easier
to use than the latter for identifying isolated feathers.
Chandler's monograph is indispensable for such a task

Pennulum

Ñ.e.CuJAJ^

FIGURE

167.—Plumulaceous barbules of a Common Pigeon.

A, base and proximal portion of pennulum with large nodes.
B, intermediate portion with moderately large nodes.
C, distal portion with very small nodes.

D, enlarged view of nodal prongs.
E, two barbules showing location of portions A to C, enlarged above.
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because it describes and illustrates the barbules from a great
many birds. The distinctive features of plumulaceous barbules from a number of British birds have been described
and arranged in a key as far as the ordinal level (Day, 1966).
The key was constructed as a tool for the identification of
feather fragments in the gut and feces contents of stoats
and weasels, but it has wider application. Similar techniques
for identifying barbules have been developed by archeologists
concerned with remains of feathers found in their excavations
(Hargrave, 1965; Messinger, 1965).
The morphology of downy barbs can now be reviewed to
show how their soft, fluffy texture is achieved. The rami
bend easily, owing to their fineness and lack of any projections. Many barbules are also flexible, because of the
straphke base and the joints along the pennulum. Barbs
with these features may become loosely entangled, but
there are no structures that hold them together. The function
of the nodal prongs is not known, though they appear to
limit bending and to catch other barbules. Some barbules
project from the ramus at a nearly constant angle, owing
to the presence of a ventral flange that stiffens the base.
Their pennulums do not become entangled but form a fine
fringe along the ramus. Successive barbules may point
alternately upward or downward, an arrangement found in
some of the downy barbs of gallinaceous birds, jaegers,
skimmers, and alcids. This creates two planes of vanules on
each side of a ramus, and increases the thickness of the
barb as a whole. In the downy barbs at the base of contour
feathers of passerine birds, the vanules on the proximal side
meet at a smaller angle than those on the distal side. The
proximal vanules of one barb accordingly lie between the
distal vanules of an adjacent barb (Sick, 1937: 350).
The downy portions of contour feathers are concealed
beneath the pennaceous portion of overlapping feathers, and

Distal barbule:
Ventral cilium
Pennulum — Hooklet
Dorsal cilium
Ventral
tooth
Base Plate
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they contribute little to the appearance of a bird. They
play an important role, however, in controlling body temperature by the insulating effect of the air they entrap (King
and Earner, 1961, 2: 252). According to Nye (1964: 196),
"it . . . appears that the main thermo-regulatory adaptation of ducks to their aquatic habits is their thick, dense,
waterproof plumage." Man has taken advantage of the
insulating property of downy feathers by using them in
quilts, sleeping bags, and parkas. The results of basic and
applied research on this topic have been reported by Kennedy et al. (1956).
Pennaceous barbules
The pennaceous barbules are those that make up the flat,
closely knit portions of the vanes. They are differentiated
on both sides of a barb; even the ramus is asymmetrical.
The side of a ramus facing the distal end (tip) of a feather
is flatter than the side facing the proximal end (base), and
may even be concave (fig. 164, B). As in a downy barb, the
top of the ramus is formed into a rounded or acute dorsal
ridge that is nearly symmetrical (figs. 165, A, and 166). A low,
stout ventral ridge projects from the bottom of the ramus;
since it is always on the distal side it can be used for orienting cross sections of barbs (Strong, 1902:157). The pennaceous barbules may attach directly to the sides of the
ramus, as in downy barbs. In strong vanes, such as those
on the flight feathers, the bases of the barbules fit into grooves
in ledges on each side (fig. 168).
The distal ledge (i.e., on the distal side of the ramus) is
higher than the proximal ledge, as shown in figure 164. It
has a straight border, whereas the proximal ledge has an
undulating border and tends to be narrower. The dorsomedial surface of each ledge has a series of overlapping
grooves that run upward and outward. These features are

Proximal

barbule:
Plate
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Ventral tooth
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Cortical layer
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FIGURE

168.—Segments of two pennaceous barbs in dorsal oblique view to show interlocking of parts. Compare with figure
170. The overlapping grooves in the ledges of the rami are not shown.
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not shown in figure 168, but were shown by Sick (1937)
in his figures 81 and 82. His paper and that by Mascha
(1905) discuss in detail the structure and function of the
ledges.
Barbules of the main part of a contour feather slope
upward as they angle away from a ramus, whereas those
on the afterfeather slope downward. This can be seen in a
cross section of a contour feather (fig. 165, A), where sections through rows of barbules are in clusters or Vs. This
arrangement is an outcome of that in a growing feather,
diagramed with just a few barbs in figure 165, B. A cross
section of a feather germ shows a circle of barbs, interrupted
by the rachis middorsally and sometimes by a hyporachis
midventrally. The barbules are located peripherally to the
rami, the latter being close to the pulp. In each barb, barbule
cells are arranged in a narrow U-shape with the ramus at
their base. These details are shown in figures 237 and 307.
When the feather emerges from its sheath, the main vanes
and aftervanes separate and flatten out, but the barbules
retain some degree of slope.
The barbules and rami are not joined early in the growth
of a feather. They develop in place from separate primordia
and later unite. Hence, barbules do not grow out from a
ramus as twigs do from a branch.
The horizontal angle between a ramus and the base of a
barbule is the radial angle, and the ratio between angles on
opposite sides of a ramus is called the angular ratio (Carhsle,

1925:908). The radial angle generally ranges between 20°
and 60° (mode about 45°); it tends to be greater on the
distal side of the ramus.
Pennaceous barbules have a long, narrow base and a
pennulum that is no more than half again as long as the
base. The pennulum is shorter than that of a downy barbule
from the same bird, and may be even shorter than the base.
These barbules are mainly characterized, however, by the
differentiation of their cells and their diverse outgrowths,
known collectively as barbicels (singular: processus barbulae).
All parts of these barbules hold the barbs together, and
thereby keep the vane intact. The structure of the barbules
varies considerably within and among feathers, in accordance with the functional demands imposed on different
parts of the vane. Such variation was discussed in the
general analysis by Sick (1937) and by Chandler (1914),
Hempel (1931), Brinckmann (1958), and Rutschke (1960)
on the feathers of particular birds. The barbicels and other
parts are most pronounced on the remiges and rectrices.
Pennaceous barbules on the upper coverts of the wing and
tail are nearly as well developed as these, but those on the
contour feathers of the body tend to have a simpler structure. The cells may show less differentiation and the barbicels may be reduced. These trends are carried farther on the
ventral feather tracts than the dorsal ones.
Base.—The base of a pennaceous barbule is a narrow
plate, generally 6 to 10 times longer than wide (fig. 169).
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0.1 mm.

169.—Pennaceous barbules from the middle of a secondary remex of a Single Comb White Leghorn Chicken. Both
have been turned on their long axes so that they can be shown in side view.
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Ventral ridge

170.—Segments of two pennaceous barbs from a contour feather of a Single Comb White Leghorn Chicken. The
barbs are seen obUquely from the distal end to show interlocking of parts.

The synonym basal lamella was applied to it by Sick (1937)
and Brinckmann (1958). It is either rectangular or tapered
distally, and diminishes in thickness from dorsal edge to
ventral. The plate is always composed of several fused
cells in which the remnants of the nuclei may appear as
oval spots and the boundaries may show as oblique, unpigmented stripes. The ventral edge of the base may be straight,
gently curved, or wavy, with protrusions at the cell boundaries. Many pictures of the microscopic structure of feathers
show the base of a pennaceous barbule as standing on edge,
but this is not correct. The plate is curved around its long
axis, with the result that a dorsal portion is oriented vertically
and a ventral portion slopes downward toward the ramus
(figs. 168, 170). Adjacent barbules may touch or overlap,
the ventral edge of one base lying beneath the dorsal edge
of the base distal to it.
The base is sometimes a very narrow strip with a triangular or rounded ventral flange at its proximal end. The strip
corresponds to the dorsal portion of a fully developed base,
and the flange is all that remains of the ventral portion.
The flange has received little attention, probably because it
is absent from remiges, the feathers that have been studied
in most detail. As in plumulaceous barbules, it stiffens the
base against flexion, with the result that the barbules remain
parallel even if they lack interlocking barbicels.
Proximal barbules.—Pennaceous barbules are so different
on opposite sides of a barb that they must be considered
subtypes, and described separately in more detail. The.
distal barbules are those on the distal side of a ramus, where
they lie approximately parallel to the shaft. Synonyms for
them, based on certain barbicels, are hook-fibers (Mascha,
1905) and the German equivalents, Hakenradii and Hakenfasern. The proximal barbules lie on the proximal side of a
ramus, where they point away from the shaft. Synonyms
based on the shape of the base are curved fibers (Mascha,
1905) and the German equivalents Bogenradii and Bogenfasern.
As applied to pennaceous barbs, proximal and distal refer
to the sides instead of the ends, as is usual elsewhere. When
it is necessary to designate barbules at certain places along

a barb, wording must be chosen carefully to make this clear.
Barbules close to the ramus can be referred to as basal or
at the proximal end. The terms "apical" and "terminal"
can be used for barbules at the distal end of a barb.
Proximal barbules are usually longer as a whole and longer
in the base than the distal barbules on the opposite side of
the ramus. The proportion of base to pennulum is so variable
among proximal barbules, even from different parts of the
same feather, that it is impossible to generalize about it.
The dorsal border of the base is recurved on the side
facing the ramus and forms a dorsal flange {arcus dorsalis).
At the distal end of the flange are three to five low, pointed
processes known as dorsal spines (singular: stylus dorsalis)
(fig. 169). Synonyms for them are dog-tooth (Wray, 1887b:
421), tooth-like projections (Mascha, 1905:21), little teeth
(German: Zähnchen. Hempel, 1931:679), and abutments
or little arresting teeth (translated from German: Widerlagern oder Arretierungszähnchen. Sick, 1937:212). The
spines are each outgrowths of basal cells, yet Chandler
(1916) did not consider them barbicels, as they appear to
be. The short, or abutting, side of a spine faces the proximal
end of the barbule; the long side slopes upward to the base
of the next spine. The spines in the middle of the series are
usually the largest.
Below the dorsal spines, the ventral margin of the base is
incised between several cells. The distal corners of the cells
are drawn out into pointed barbicels called ventral teeth
{dens ventralis). They were first described adequately by
Mascha (1905:21), who referred to them as both lobes
and processes of the ventral membrane. As these processes
occur only on the ventral margin, they can be called simply
teeth, just as their counterparts on the dorsal margin can
be called simply spines. It is helpful, however, to use the
adjectives dorsal and ventral as reminders of their location.
The ventral teeth point toward the tip of the barbule and
they overlap on the side of the barbule facing the shaft.
They are much larger than the dorsal spines, but like them,
the biggest ones are in the middle of the series. The teeth
tend to be long, slender, and even shghtly recurved in
gallinaceous birds, hawks, and kingfishers (Chandler, 1916:
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267). In this form, they are analogous to the hooklets of the
is vertical whereas that of the base, it will be recalled, is
distal barbules (p. 249), as pointed out by Sick (1937:286).
vertical obhque. At the level of the last teeth, the pennulum
The waterproof property of the feathering of aquatic
also turns so that it points toward the tip of the barb, more
birds is due to modifications in the structure and positioning
or less parallel to the ramus (fig. 168). The pennula of adjaof the barbules. Taken together they make a so-called porous
cent barbules thus overlap closely, except in tinamous,
surface through which water cannot enter, owing to its surwhere they are fused into a solid bar. This pecuharity was
face tension (Rutschke, 1960). Among the modifications are
discovered and described by Chandler (1916:346, pi. 25),
special barbicels on the bases of both proximal and distal
and its function was discussed by Sick (1937:291).
barbules in the body contour feathers of many water birds.
Distal harhules.—Dhidl barbules are the more complex
In such birds, distally curved fibers arise from the dorsal
subtype of pennaceous barbules. These tend to be shorter
border in place of the dorsal spines. They have been given
overall and to have a relatively shorter base than the proxia special name ''flexules" (singulsiY : flexura) (Chandler, 1916:
mal barbules opposite them. As compared with the proximal
271) because they are not homologous with any other types
barbules on the same barb, the distal barbules are slightly
of barbicels and are always of the same curved form. Flexules
more numerous and more closely spaced, but they project at
occur in grebes, albatrosses, petrels, peHcans, cranes, limpvirtually the same angle from the ramus. The dorsal portion
kins, rails, jaçanas, sandpipers, phalaropes, and alcids.
of the base is again thickened and vertically oriented, but
The division between the base and the pennulum is usually
the flange is less pronounced or even absent. There are no
set at the distal border of the outermost cell that bears a
dorsal spines. Flexules may be developed with the same
ventral tooth (fig. 169). This landmark is based on the
form as before, yet more extensively. According to Chandler
belief that the teeth are parts of the base, as expressed by
(1916:272), '^They first develop at the proximal end of the
Chandler (1916:252, 254) and Sick (1937:212). According
base and progress toward the pennulum, ultimately forming
to Brinckmann (1958:490), however, the tooth-bearing cells
a continuous series with a similar series of pennular dorsal
belong to the pennulum in proximal barbules. On this basis,
barbicels."
she set the division between base and pennulum at the
The ventral teeth attain a more elaborate structure in
proximal margin of the innermost cell with a ventral tooth.
the distal barbules than in the proximal barbules, especially
This standard may be practical for studies of proximal
on the flight feathers. They vary considerably in form, even
barbules in which the base tapers into the pennulum, but it
within a barb—a reflection of their precise adjustment to
leads to certain difficulties. Brinckmann agreed that in
meet the requirements of the feather. The structure and
distal barbules the teeth belong to the base. A double standfunction of the teeth have been studied in great detail by
ard for the landmark between segments of a barbule raises
Sick (1937); the following account is based on his work.
problems of homology and terminology.
Based on their number, position, and relative size, four main
The pennulum of a well-characterized proximal barbule
types of ventral teeth can be recognized in different birds.
(e.g., that on a flight feather) usually has very small nodes
The simplest type is that of a single tooth, formed as an
or a few ventral barbicels. Rarely, it also has a few dorsal
outgrowth of the ventral distal corner of the last cell in the
barbicels, and commonly, in less well-characterized barbules
basal lamella. It is oriented horizontally, the same as the
(e.g., those on body contour feathers), it is simply a bare
ventral portion of the lamella. Hence, although the tooth
filament. The barbicels are simple, pointed processes known
is called ventral, it actually lies on the side of the barbule
as ciha (fig. 169). Synonyms for them are spines (Mascha,
toward the tip of the ramus. The tooth may be broad or
1905:15) and, in German, Wimpern (Nitzsch, 1867) and
narrow, rounded or pointed, and entire or notched at the
Fortsätze (Sick, 1937:213). Ventral ciha (singular: cilium
tip. A constant feature is a hump on the dorsal margin
ventralis) are typically straight or gently recurved, but they
known as the tooth nodule (German: Zahnhügel). Proximal
may be hooked, as in hawks, falcons, and galHform birds
to the nodule, the margin is flattened and appears like a
(Chandler, 1916:335). They are in series with the ventral
ramp up to the main part of the base. Distal to the nodule,
teeth but tend to be longer, finer, and more flexible. It is
and extending to the tip of the tooth, the margin takes a
sometimes diflícult, if not impossible, to distinguish the
steeper angle and is stiffened. One or two additional teeth
two types of barbicels. The ciha usually dwindle and vanish
may be present, each derived from one cell proximal to the
midway along the pennulum, but they may continue to the
last and largest tooth. These teeth he in the same plane as
tip. Very small ciha resemble the nodal prongs of plumulacethe main tooth, without overlapping. The number of teeth
ous barbules, but differ in being single rather than multiple
in such barbules diminishes toward the tip of the barb.
on each cell. Ciha are generally absent from the dorsal
Simple ventral teeth are found in the feathers of falcons,
border of proximal barbules. Birds that have flexules on
gallinaceous birds, alcids, goatsuckers, owls, swifts, and
the base often have very similar processes on the pennulum.
passerines.
These might be called dorsal cilia (singular: cilium dorsalis)
Ventral teeth of the second type are paired, and the lower
because of their location, even though they cannot be distintooth is larger and lies in a different plane. The upper, distal
guished structurally from the flexules.
tooth is horizontal and corresponds to the main tooth of
The plane of the pennulum, as defined by the barbicels,
the preceding type. The lower tooth is vertical and spht

CONTOUR FEATHERS
into overlapping lobes, the tips of which may be broadened
and notched. Unlike simple teeth, which each come from
one cell, these complex teeth are based on two or three cells.
Teeth of this type occur in the feathers of such birds as
pigeons and hummingbirds. In successive barbules, toward
the tip of a barb they become reduced and hence similar
to the simple type of teeth.
The third category includes diverse forms of two or more
teeth, which have in common an uppermost tooth as large
as the rest or larger. A ramp is present but often reduced
on this tooth. The teeth overlap and project at an angle
from each other, as in the second type. There is relatively
little modification of their structure along a barb. Teeth
with these characteristics are found in the feathers of Old
World vultures, bustards, swans, and crows.
The ventral teeth in the feathers of albatrosses and petrels
are so distinctive as to be considered a fourth type by Sick
(1937). Both teeth are narrow at the base and very broad
at the tip; the tips have one or two rounded notches.
The most distinctive parts of a distal barbule are barbicels
with hooked tips that occur on the ventral side of the proximal portion of the pennulum. These are known as hooklets
or hamuli (singular: hamulus)^ and in German, Häkchen
(Nitzsch, 1867) and Haken (Sick, 1937). Distal barbules
commonly have two to four hooklets in body contour
feathers and three to seven hooklets in flight feathers.
The latter have as many as eight hooklets in ducks and
hawks and nine in tinamous. The hooklets are outgrowths
of the very next cells beyond those that bear ventral teeth.
There is no gap or even transition between these two types
of barbicels. The contrast between them accentuates the
difference between the base and the pennulum, a characteristic of distal barbules. Hooklets hang either from the
ventral surface of the pennular cells, as shown in figure 170,
or from the medial surface (that which faces the rachis).
They always pass on the medial side of the ventral teeth
(fig. 169).
A typical booklet has three sections—(1) a short base
that leaves the pennulum at a low angle; (2) a long, gently
recurved part that hangs more steeply or even vertically;
and (3) a short, thickened, hooked tip. In progressively
more distal hooklets along a barbule, their length usually
increases while their angle from the pennulum decreases.
Since the hooklets project at different angles (in the vertical
plane), their tips span a greater distance than their basal
cells. The pull they exert on the proximal barbules is thus
focused on a relatively short segment of the pennulum (Sick,
1937:324). A booklet is not bandlike as stated by Mascha
(1905), but roughly triangular or circular in cross section
(Hempel, 1931:676). The middle portion is stiffened by diagonal ridges along the sides, and may bear one to three tiny
pointed bumps on the dorsal (distal) surface. These structures
are designated here as prickles, a synonym for Abstemmhöcker
(stemming protuberances), the term used by Sick (1937:330).
They occur on the feathers of such birds as albatrosses and
petrels, ducks, swans, pigeons, turacos, and cuckoos.
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11.—Comparison of proximal and distal subtypes of
pennaceous barbules

Characteristic
Present on
Total length
Base length
Dorsal flange
Dorsal spines
Ventral teeth
Direction of pennulum
Hooklets
Ventral cilia
Dorsal cilia

Proximal barbule

Distal barbule

Shaft as well as ram us
Greater
Longer
Pronounced
Present
Simple, uniform
Turns toward tip of
barb
Absent
Short or absent
Rarely present

Ramus only.
Less.
Shorter.
Weak or absent.
Absent.
Complex, different.
Continues in direction of base.
Present.
Long or short.
Usually present.

Beyond the hooklets are ventral cilia that are longer and
more numerous than those on the proximal barbules. The
transition between hooklets and cilia may be abrupt or
gradual, depending on the length, angle, and curvature of
the first few cilia.
Dorsal cilia, rarely present in proximal barbules, are
often present on the cells that bear ventral cilia, though
never on the cells with hooklets. They tend to be shorter
and less numerous than the ventral cilia. The first two or
three dorsal cilia are sometimes specially enlarged in remiges
(seep. 260).
Comparison and functional analysis.—The characteristics
of proximal and distal barbules are summarized in table 11.
Functional analysis of the barbules explains the structures of the two subtypes. The relation between morphology
and function in barbs has been studied by numerous scientists, starting with Robert Hooke, the father of microscopy
in England. Important papers on this subject are those by
Mascha (1905), Chandler (1914, 1916), Hempel (1931),
Sick (1937), Brinckmann (1958), and Oehme (1963).
Pennaceous barbs are held together by a flexible, selfadjusting mechanism that is complex in details yet simple
in essence. The distal barbules of one barb cross over the
proximal barbules of the next barb on the distal side (toward
the tip of the feather). The hooklets of the former grasp
the dorsal flanges of the latter, thereby interlocking them
(figs. 168, 170). Since the barbules are flexible at several
points, they can hold the rami together even when the
vane is stretched by air pressure. In this situation, distal
and proximal barbules pull against each other, and there is
an increase in the radial angles and the angles between the
bases of opposing barbules.
The arrangement of the barbules is reflected in the ledges
that support them on the sides of a ramus. The proximal
ledge is lower and thicker than the distal ledge, a feature
that enables it to support not only proximal barbules but
also the distal barbules that rest on them (Sick, 1937:338).
Most parts of pennaceous barbules assist in the cohesion
of barbs. The first few hooklets of a distal barbule point
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backward toward the rarnus and curve around at the tip
into the groove on the underside of dorsal flanges. The
remaining hooklets hang downward or point forward toward
the tip of the pennulum; they reach over the dorsal flanges,
but not into the groove. As long as there is no stress on the
vane, the hooklets hold the flanges loosely. When pressure
is appUed, the barbs swing away from the shaft and the
distance between rami is increased. The hooklets then pull
on the flanges and also slide distally along them. The dorsal
spines stop the proximal hooklets from sliding off the flanges.
The remaining hooklets cross over the flanges closer to the
ramus and thus do not encounter dorsal spines. As they
pufl more strongly, they are lifted by the proximal barbules
on which they ride. This automatically increases the traction
between the hooklets and the flanges. Close study of a booklet
reveals that the flattened basal end permits flexion, while
the reinforcements along the middle take up the strain of
pulling. The flattened posterior surface and the sharp edges
of the hooked tip enable it to get a good grip on the flange
(Hempel, 1931:677). The prickles appear to fend off the
proximal barbule beyond the one grasped by their own
hooklet. If these barbules were too close together, the
hooklets would be unable to slide along them.
The bases of the barbules supplement the interlocking
mechanism of hooklets and dorsal flanges. When stress on
the vane causes barbules to turn, they are soon stopped by
the overlapping and crowding together of their bases and
ventral teeth. These actions stiffen the barbs and promote
cohesion between them, thereby resisting the stress. The
degree of stiffening depends on the teeth, which vary in
size, structure, and stiffness in different parts of a feather.
Barbules with a narrow base and small teeth, as found in
body contour feathers, cannot overlap in the manner just
described. They usually possess a ventral flange, however,
which keeps them at a constant angle to the ramus and
hence parallel to each other. In this way the interlocking
mechanism is maintained. The width of the base affects not
only the action of the barbule but also the density of the
vane. Flight feathers are denser than the pennaceous portions
of body feathers, more because of the wider bases of the
barbules than the closer spacing between barbs or barbules.
The first few ventral cilia on the distal barbules may act
Hke hooklets though with less force. If the pennulum of
such a barbule is so long as to span more than one ramus,
only the ciha proximal to that ramus can have any hooking
action. The recurved ventral ciUa and teeth on the proximal
barbules of certain birds (p. 248) appear to exert a similar
effect on the dorsal flange of the distal barbules.
Some of the cilia and teeth serve to keep the rami or
barbules apart (German: Abstemmen). The outermost teeth
of a proximal barbule may be so built as to push against the
opposing face of the adjacent ramus, that is, the distal
surface of the next lower ramus on the shaft. This action
appears to support the proximal barbules when the vane is
stressed so that their pennula can stay at the proper height.
Both dorsal and ventral cilia of distal barbules may prop

the proximal barbules apart, as do the prickles, but Sick
(1937:329) stated that this is not their chief function. The
ventral cilia supplement the hooklets as described above,
and in pushing against the next ramus they also support
their pennulum. The pennulum of a distal barbule may be
gently S-curved if it is short; a downward turn at the proximal end better enables the hooklets to grasp the proximal
barbules, whereas an upward, lateral turn at the distal end
enables the ventral cilia to fend off the proximal barbule.
If the pennulum is so long as to span more than one ramus,
its distal portion is relatively straight. The ventral cilia
beyond the first ramus may assume a horizontal position
and enlarge the gliding surface of the pennulum. Alternately, they may turn downward and occupy the spaces
between the bases of the distal barbules on the next higher
barb. Both conditions render the vane more dense, and
accordingly they occur more in remiges and rectrices than
in body contour feathers.
The dorsal cilia play an important role in creating friction
between overlappmg feathers. They will be discussed in
conjunction with the flight feathers (pp. 260-261), where
they are most highly developed.
Not until recent decades have some of the finer details of
structure and operation in pennaceous barbs been worked
out. The essential features, however, were seen by Robert
Hooke. Let us digress to view our subject in the perspective
of time, and see what he reported in 1665.
For examining a middle ciz/d Goose-quill, I easily enough found
with my naked eye, that l^he main stem of it contained about
300. longer and more Downy branchings upon one side, and as many
on the other of more stiff but somewhat shorter branchings. Many
of these long and downy branchings, examining with an ordinary
Microscope, I found divers of them to contain neer 1200. small
leaves . . . and as many stalks; on the other side, . . . each of
the leaves or branchings, . . . seemed to be divided into
about sixteen or eighteen small joints, . . . out of most of which
there seem to grow small fibres, . . . each of them very proportionably shap'd according to its position, or plac'd on the stalk
. . .; those on the under side of it, . . . being much longer than
those directly opposite to them on the upper; and divers of them,
. . . were terminated with small crooks, . . . The stalks . . .
on the other side, seem'd divided into neer as many small knotted
joints, but without any appearance of strings or crooks, each of
them about the middle . . ., seem'd divided into two parts by a
kind of fork, one side of which, . . . was extended . . ., the other,
. . . was very short.
The stems of the Downy branches . . ., being rang'd in the
order visible enough to the naked eye, ... the collateral stalks
and leaves ... are so ranged, that the leaves or hairy stalks of
the one side lie at top, or are incumbent on the stalks of the other,
and cross each other, ... by which means every of those little
hooked fibres of the leaved stalk get between the naked stalks,
and the stalks being full of knots, and a pretty way disjoined so
as that the fibres can easily get between them, the two parts are
so closely and admirably woven together, that it is able to impede,
for the greatest part, the transcursion of the Air; and though they
are so exceeding small, as that the thickness of one of these stalks
amounts not to a 500. part of an Inch, yet do they compose so
strong a texture, as, notwithstanding the exceeding quick and
violent beating of them against the Air, by the strength of the
Birds wing, they firmly hold together. (Hooke, 1665: 166).
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Reduced plumulaceous type
0.1 mm.

/?. 3. £'i^/^ô—

Stylet type
FIGURE

171.—Examples of three types of simplified barbules.

A, Single Comb White Leghorn Chicken—crural tract, contour
^^ ^^*
B^ Common Pigeon—pectoral tract, contour feather.
C, White Pekin Duck-oil gland circlet, down feather.
D, Bronze Turkey—occipital tract feather.

Simplified barbules
Contour feathers sometimes have barbules that are smaller
or structurally simpler than typical pennaceous or plumulaceous barbules. Although they grade into these types and
into each other, it is worthwhile to designate them separately
because they possess certain distinctive features and they
create a distinctive appearance in the vanes. At least four
types of simplified (reduced) barbules can be recognized, all
of which show but slight differentiation among the cells and
few or no outgrowths. The first kind of simplified barbules
are reduced pennaceous. They have fewer and less pronounced barbicels than typical pennaceous barbules (fig.
171 A, B). Second are reduced plumulaceous barbules, which
lack the characteristic nodal swellings of typical plumulaceous
barbules (fig. 171 C, D). A third kind of simpHfied barbules
are those on the sides of the rachis between the attachments of the rami. We suggest that they be called rachidial
barbules (singular: barhula rachidialis), as we have not
found any published names for them. The sole or chief
component of such a barbule is a short base, broad at the
proximal end (where there is a ventral flange) and tapered
distally (fig. 180, 5, p. 279). This may be followed by one
to three pennular cells, though in many cases these appear
to have formed but have broken off. Rachidial barbules
form a continuous row with those on the proximal side of
each ramus. In the axil between the rachis and the distal

£7, Green Heron (Butorides virescens)—anterior ear covert.
F, Common Pigeon—occipital tract feather.
^' ^^^^le Comb White Leghorn Chicken-malar tract feather.
iî, Mallard (Anas platyrhynchos)—posterior ear covert.

side of a ramus, they become very small and closely set.
These overlapping, triangular plates hinder air from passing
through the axil. Seen grossly, they make the rachis seem
thicker than it is.
The fourth category of simple barbules may be called
the stylet barbule (barhula styla) because of its stiffness and
slender, pointed shape. The name is offered as a translation
of Spiessradius, the term proposed by Hempel (1931:665)
in his extensive discussion of this structure. Stylet barbules
display little or no differentiation, and the boundaries of
the cells are marked by small nodes, tiny single prongs,
paler pigmentation, or affinity for stain (fig. 171, E—H).
In some barbules, the base stands straight, owing to
the presence of a low ventral flange. In others, there is no
flange and the base is twisted lengthwise through 180°.
Straight and twisted stylet barbules may occur either by
themselves or alternately along a barb (Sick, 1937:346).
Stylet barbules are present along the margins of the vanes
in many body contour feathers. They are the sole or predominant type of barbule in ear coverts (p. 308) and the
small feathers on the face of a chicken. Wherever they occur,
the vanes have an open—even coarse—texture (fig. 180, G).
The rami are as stiff and parallel as those in pennaceous
barbs, but the barbules do not interlock. Stylet barbules
are sometimes very short and pressed closely to the ramus.
This gives the ramus a thicker appearance, as rachidial
barbules do to the rachis.
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Microstructure of vanes in relation to texture
We can now review the appearance of the vanes in a body
contour feather in terms of the different types of bar bules.
Rachidial bar bules may be present along the entire rachis.
At the base of the vanes these bar bules become transformed
into plumulaceous barbules on the rami, by acquisition of a
long pennulum. This portion of the feather is soft and fluffy
because the barbs are entirely fringed Avith plumulaceous
barbules, possibly projecting at different angles.
Further from the base, this texture becomes restricted to
the borders of the vanes while the inner portion becomes a
firm, flat, closely knit sheet. The latter, of course, is produced by the interlocking pennaceous barbules. At the
proximal end of a barb at this level, the proximal barbules
become shortened and simplified, as they merge into the
rachidial barbules. Proceeding distally, the pennaceous
barbules become longer and their barbicels become uniformly simple. They are transformed into structures that
are intermediate between the pennaceous and plumulaceous
types. Though resembling stylet barbules in their stiffness
and slender shape, they differ in retaining nodal swellings or
outgrowths. Within a short span along the same barb, the
intermediate barbules change to the plumulaceous type as
they become longer, the base becomes flexible, and the
nodes are enlarged.
The downy texture disappears from the vanes distally
along the rachis as more and more of the barbules are pennaceous. The remainder of the vanes may either be uniformly pennaceous or may have a zone of open texture
outside a zone of normal, closely knit texture, as shown in
figure 158. The open zone may occupy most of the area, as
in dorsal cervical feathers of an adult male Single Comb
White Leghorn Chicken, or it may be confined to a narrow
band at the tip, as in certain pectoral feathers on the same
bird. It results from the reduction, even disappearance, of
interlocking barbules while the rami remain unchanged. The
pennaceous barbules are either transformed to the stylet
type or they vanish entirely. The sharpness of the boundary
between the pennaceous zones depends on the length of the
span on each barb in which the change of barbules occurs.
Afterfeather
An afterfeather is a structure attached to the underside
of a feather at the superior umbiHcus. This concept readily
includes featherlike structures composed of an axis with
barbs on each side (fig. 158). Opinions differ, however, as to
whether it also includes barbs that directly join the rim of
the umbiHcus. These views were compiled by Hempel
(1931:713) in his introduction. The two conditions are
not distinct categories, for intergrades between them can
be found among feathers from the same bird. In hawks
and most galliform birds, for example, the body contour
feathers have conspicuous auxiliary shafts with vanes. These
shafts are progressively shorter from the marginal feathers
to the major coverts on the dorsal side of the wing. Finally,
on the remiges, there is no auxihary shaft but a V-shaped

fringe of separate barbs (fig. 159). Like Hempel (1931)
and Ziswiler (1962), we believe that these separate barbs
should be considered a form of afterfeather. An afterfeather can thus be defined as any group of outgrowths
on the rim of the superior umbilicus. Such a structure
has been variously called an accessory plume, a hypoptile (hypoptilum), and, most commonly, an aftershaft. This
last term has been a cause of confusion for it has been used
ambiguously for the entire afterfeather and for its auxihary
shaft alone. It certainly is not appropriate for an afterfeather
that does not have an auxiliary shaft (i.e., that consists of
separate barbs). The term ''aftershaft'' and its synonym
''hyporachis" should be restricted to the auxihary shaft. An
afterfeather with this structure belongs to the aftershaft
type.
The aftershaft is a median projection from the rim of the
superior umbihcus (fig. 158). At its smallest, it is hardly
more than the fused proximal portions of two barbs (Hempel,
1931:718). Unlike the rachis, it does not start inside the
calamus but is simply a continuation of the wall, as shown
in figure 159. The sides taper from the basal end, forming a
flat triangular piece that may constitute the entire aftershaft. In some afterfeathers, however, the apex is drawn
out into a portion that is much longer and finer than the
basal part. A strand of pith cells may be present inside the
aftershaft, but it is relatively thinner than that within the
rachis.
The foregoing concept of an afterfeather includes the
barbs that arise directly from the rim of the superior umbilicus (fig. 161). These were named pericalamial barbs by
Hempel (1931:717), but we suggest as a simpler term,
''umbihcal barbs" (singular: barba umbilicata). Feathers
that lack an aftershaft may have a fringe of such barbs
encircling as much as one-third of the circumference of the
calamus. The barbs collectively constitute a second type of
afterfeather known as an aftertuft (German: Afterbüschel.
Hempel, 1931:717) or afterbundle (German: AfterbündeL
Ziswiler, 1962:250). We follow Hempel and differ from Ziswiler in two small matters of terminology here. First, we
regard the aftertuft as totally lacking an aftershaft, whereas
Ziswiler apphed the name "AfterbüscheF' to a group of ventral barbs inserting on a very short aftershaft (fig. 172, type 5).
Second, the median umbihcal barbs need not be the longest
in. the row, according to Ziswiler's definition of afterbundle.
They may be arranged either in a straight line, as in certain
body feathers, or in a V pointing toward the proximal end of
the shaft, as in the flight feathers.
At the sides of the superior umbihcus, the row of umbihcal
barbs is continuous with the lowermost barbs of the vanes.
This is a vestige of the circlet of barb columns that arose
in the developing feather. If an aftershaft is present, there
are usually a few umbihcal barbs on each side of it, and
these link the barbs of the vanes with those of the aftervanes.
Regardless of structure, the texture of an afterfeather is
entirely plumulaceous except in cassowaries and emus,
where it is coarse and lax like the main feather. The barbs
vary in length and may be longer than their counterparts

CONTOUR FEATHERS
in the main vanes. They are usually spaced farther apart
on the hyporachis than on the rachis.
If the proximal end of a barb Kes close beside the aftershaft before joining it, this may be designated the decurrent
portion (German: herablaufendes Stück. Hempel, 1931:720,
fig, 35). The barbules of an afterfeather tend to be shorter
and simpler than the downy barbules on the main feather.
Their bases are somewhat narrower, and special structures
such as the detachable nodal rings of turkeys or the basal
prongs of passerine birds are absent (Chandler, 1916:270).
Opinions differ as to the extent of variation in afterfeathers
from different parts of the body. Miller (1924:1) stated
that ^^it usually varies comparatively little in size'^ but
other investigators have found more diversity. Ziswiler
(1962) has found regular gradients in the relative size of
afterfeathers on all tracts of the Budgerigar (Melopsittaciis
undulatus). The afterfeather is generally largest, in relation
to the main vanes, in down feathers, semiplumes, and body
contour feathers with a large plumulaceous portion. It is
smallest on the remiges and rectrices and may even be absent
from them. An afterfeather of the aftertuft tj^pe, as in ducks,
varies in relative length and the number of barbs, though
not in basic structure. In a Mallard, for example, the aftertuft equals nearly 50 percent of the length of the vanes in
anterior lateral body feathers, 30 percent in certain dorsal
and pectoral feathers, and 8 to 10 percent in the secondary
remiges and their upper coverts. The number of umbilical
barbs is more than 30 in the dorsal feathers, about 10 in
femoral feathers, and one or two in occipital feathers.
Afterfeathers of the aftershaft type vary among locations
on a bird in structure as well as size. A series of transitional
stages, from the aftershaft type on the contour feathers to
the aftertuft type on the flight feathers, has been described
and illustrated for a barbet {Megalaima ruhricapilla =
Xantholaema rubricapilla) (Hempel, 1931:715). The range
of variation is especially wide in galliform birds (except
curassows and the hoatzin) because the afterfeather may
attain a relatively large size. In the Single Comb White Leghorn Chicken, for instance, the aftershaft type of afterfeather
is 70 percent as long as the vanes of sternal or abdominal
feathers, and the aftertuft t^^pe is about 8 percent as long as
the vanes of the secondaries. These values are close to those
for the relative length of the plumulaceous portion of the
vane. They support the observation by Lillie and Juhn
(1938:443) that in galliform birds the afterfeather is only as
long as the plumulaceous portion, and does not extend to
the pennaceous portion of the main feather.
Pecuhar variation in the afterfeathers of a thrush (Cochoa
sp.) was discovered by Ormsby Annan. In a letter, he stated
as follows: '^Not only are afterfeathers present in some
tracts and absent in others, they are also present on others
that are adjacent. They are mixed together with no apparent order.'^
Seasonal variation in the size of the afterfeather was
pointed out by Lönnberg (1927) in several grouse {Tetrao
urogallus, Lyrurus tetrix, Tetrastes bonasia) and ptarmigans
(Lagopus spp.) that inhabit subarctic regions. There is a
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large afterfeather on the feathers of the winter plumage, but
it is small or absent in feathers of the summer plumage,
particularly on the head and upper neck. In pelvic and
dorsal cervical feathers of the Rock Ptarmigan {Lagopus
mutus), the hyporachis equals 70 to 80 percent of the length
of the rachis in winter plumage, 50 to 70 percent in autumn
plumage, and 0 to 65 percent in summer plumage (Salomonsen, 1939:58).
Many forms of afterfeathers can be found within the entire
class of birds. They have been characterized for each order
by Ziswiler (1962:285). It is further possible to recognize
several major structural categories, although they cannot
be sharply delimited because there are intergrades between
most of them. The following classification, based on Miller's
classification (1924), refers to the most fully developed afterfeathers on the body.
Type 1.—The afterfeather closely resembles the main
feather in the length of its hyporachis, its long, narrow
shape, and its loosely knit pennaceous vanes (not illustrated).
This is the only type of afterfeather that is not plumulaceous. Occurrence: emus, cassowaries.
Type 2.—The afterfeather is long and narrow, though
shorter than the main vanes (fig. 172). The hyporachis
extends nearly to the tip of the afterfeather. Most of the
barbs are relatively short, but those at the tip are almost
as long as barbs of the main feather. This type grades into
the next as the barbs increase in length. Occurrence: tinamous
{Crypturellus spp., Tinamus spp.), grouse, quail, pheasants,
domestic chicken, trogons.
Type S.—The afterfeather is about one-third to two-thirds
as long as the main vanes (fig. 172). The hyporachis is likewise no more than two-thirds the length of the afterfeather
and is often less than this. The hyporachis is finer than
the rachis but always distinct. The barbs are longer than
those of type 2 with the result that these afterfeathers are
oval or elliptical. This is one of the commoner and more
variable types of afterfeather. It grades into type 4 as the
hyporachis becomes shorter. Occurrence : shearwaters {Puffinus spp.), herons {Ardea spp.), hawks {Buteo spp.), falcons,
domestic chickens, turkeys, rails {Porzana spp.), sandpipers
{Tringa spp.), parrots, turacos, hummingbirds {Archilochus
spp.), trogons.
Type 4.—The length of the afterfeather varies and may
equal that of the main vanes (fig. 172). The hyporachis is
very short and fine and is sometimes broadly flattened at
the proximal end. There are a few, long, widely spaced
barbs, which are commonly devoid of barbules at their free
ends. Although the afterfeather has the appearance of a
tuft, the presence of a hyporachis shows that it is structurally
not an aftertuft. It is sometimes flanked by a few umbihcal
barbs. This type of afterfeather grades into type 6 as the
hyporachis is reduced and the number of umbilical barbs is
increased. Occurrence: grebes {Podiceps spp.), hummingbirds, barbets, toucans, woodpeckers, a New Zealand wren
{Acanthisitta chloris), songbirds.
Type Ö.—The afterfeather is less than half as long as the
main vanes (fig. 172). Although the hyporachis is very
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short, it differs from type 4 in being broad, flat, and tapering
at the tip. The barbs are closely spaced and are present only
along the distal half or third of the hyporachis. They split
off the hyporachis into a decurrent portion, instead of jutting
out like the barbs on other types of aft er feathers. Occurrence: hoatzin, chachalacas {Ortalis spp.).
Type 6.—The afterfeather is less than one-third as long
as the main vanes and indeed is often very short (fig. 172).
There is no hyporachis, but the margin of the superior
umbilicus may be slightly pointed at the middle. This is the
aftertuft type of afterfeather, consisting entirely of umbilical
barbs. Occurrence: ducks. New World vultures, owls, oilbird,
goatsuckers.
Type 7.—There is no afterfeather whatever (fig. 172).
Occurrence: ostrich, kiwis, rheas, pelecaniform birds,
screamers, pigeons, cuckoos, hoopoe, hornbills, broadbills,
lyrebirds, most tyrannoid perching birds, swallows.
The prevalence of afterfeathers among birds suggests
that they have a function, but it is not certain what this
may be. Some ornithologists (e.g.. Van Tyne and Berger,
1959:78) have concluded that afterfeathers generally seem
not to have any adaptive value. Miller (1924:6) and Stresemann (1927), on the contrary, suggested that afterfeathers
increase the thermal insulating property of feathers; Ziswiler
(1962:282) stated that this was indeed their principal function. This theory is supported by the downy structure of
afterfeathers and the seasonal variation in their size in
ptarmigans. Ziswiler also gave evidence that afterfeathers
secondarily serve as padding material for filling out a bird^s
contour, thereby giving it a satisfactory aerodynamic shape.
This idea may be what Steiner (1917:242) had in mind when
he stated that afterfeathers must have a function for flight,
but he did not explain his reasoning.
Afterfeathers have been regarded by some workers (Chandler, 1916; Van Tyne and Berger, 1959:78) as having taxonomic value. Their usefulness in this way is lessened by
the fact that afterfeathers of more than one type may be
present in the feathering of a single bird. Comparisons of
afterfeathers from different birds must be based on specimens
from the same part of the body. We support Ziswiler (1962:
305) in the opinion that afterfeathers have little taxonomic
value in their structure or in their presence. While it is true
that they may occur in birds that are closely related on the
basis of other evidence, they may also occur in unrelated
groups. Afterfeathers of type 2, for example, are not only
characteristic of galliform birds but also they are present
in the distant orders of tinamous and trogons.

Developmental studies by Ewart (1921) led Miller (1924:1)
to the view that "the presence of the aftershaft [= afteï^feather] is unquestionably a primitive character, and its
reduction or loss is therefore a sign of specialization.^' Although this theory may prove true, it cannot be demonstrated
by the condition of the afterfeather in several primitive and
advanced orders of birds. Recall that the structure is absent
in the ostrich, kiwis, and rheas but present in most songbirds. The very large afterfeathers of emus and cassowaries
were once thought to represent the prototype condition.
Since the afterfeathers in the natal plumage of emus are
short, their large size in the adult is now considered a secondary acquisition (Newton and Gadow, 1893-96: 3,245).
Variation in the presence and the structure of the afterfeather among orders of birds suggests that it has been
independently redeveloped several times.
Under the assumption that feathers evolved from ancestral
reptihan scales, Steiner (1917: 242) suggested that the
main part of a feather represents the dorsal half of a scale
and its afterfeather, the ventral half. The underside of the
vanes would thus correspond not to the ventral surface of
the scale but to the innermost layer. Studies by Ziswiler
(1962) led him to confirm this theory, adding that, in development, the afterfeather part of a feather germ is reduced
in favor of the main part.

Remiges and Rectrices
Rémiges and rectrices—the large feathers along the posterior edges of the wings and tail—share several features
that distinguish them from typical contour feathers. They
are characterized by large size, stiffness, asymmetry, vanes
that are almost entirely pennaceous, and absence of an
aftershaft. The remiges and rectrices comprise most of the
airfoil necessary for flying, and are hence referred to collectively as the flight feathers. Nearly all details of their
structure, especially in the primary remiges, are adapted to
aerodynamic functions.
There is no consistent structural difference between the
remiges and the rectrices because the latter are so diverse.
The primary remiges (primaries) differ from the secondaries
in being stiffer, more pointed, and usually more asymmetrical.
The carpal remex resembles the first upper major secondary
covert; the alular remiges are small versions of the outermost primary remex.
The remiges and rectrices usually include the largest
feathers of a flying bird. They are especially long in many

172.—Examples of types of afterfeathers, in ventral view. For each pair of drawings, that on the left show^s the size
of the afterfeather in relation to the main feather, the relative length of the hyporachis, if any, and the arrangement of the
barbs. In each pair, the drawing on the right shows the connection of the afterfeather to the rim of the superior umbiUcus.

FIGURE

Type 1.—Occurs only in emus and cassowaries. (Not illustrated.)
Type 2.—Dorsal feather. Ring-necked Pheasant (Phasianus colchicus).
Type 3.—Interscapular feather. Red-tailed Hawk {Buteo jamaicensis).
Type 4.—Dorsal feather. Yellow-shafted Flicker (Colaptes auratus).

Type 5.—Dorsal feather. Chachalaca {Ortalis vetula).
Type 6.—Dorsal feather. Mallard (Anas platyrhynchos).
Type 7.—Dorsal feather. Yellow-billed Cuckoo {Coccyzus americanus). Abbreviation: Af.-feath., afterfeather.
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species of pheasants; in fact, the largest feathers to be
found in any wild birds are the median rectrices of the male
Crested Argus (Rheinardia ocellata), which ^e 6 inches (153
mm.) wide and nearly 6 feet (1.83 m.) long. In the Great
Argus {Argusianus argus) the rectrices are 50 inches (1.27
m.) long and the inner secondary remiges are 34 inches
(0.86 m.). The prominent tail feathers of some birds are not
the rectrices but the major upper tail coverts. These feathers
attain a length of almost 5 feet (1.52 m.) in the Blue Peacock (Pai?o cristatus).
Calamus
The calamus is relatively longer in flight feathers than in
ordinary contour feathers. It accounts for more than 30
percent of the total length of the outer primaries, for example, in large flying birds such as swans. The remiges in cassowaries have become reduced to long spines; their tubular
structure suggests that they are solely a calamus and not an
entire shaft, as often thought (Boas, 1931:580). They should
be re-examined with the possibility in mind that they are
shafts that have secondarily become hollow.
The calamus of flight feathers is slightly thicker than wide,
with the result that it is elliptical, subelliptical, or oval in
cross section. This feature is most pronounced in the primary
remiges and has been depicted by Oehme (1963: fig. 33) for
the Common Starling (Sturnus vulgaris) and the Blackbird
(Turdus merulu). Seen from the side, the calamus is straight
except at the inferior umbiHcus, where it curves slightly
upward.
Rachis
The rachis is usually filled with pith, but it has secondarily
become hollow in the primaries of a few large birds. The
lumen of the calamus of these feathers opens at the superior
umbilicus and also continues into the rachis. A lumen in
the rachis extends for several centimeters in the remiges of
swans, large hawks, and the Secretary Bird {Sagittarius
serpentarius). According to Webb (1914:427), it continues
for the whole length of the rachis in the Anhinga (Anhinga
anhinga) and the Ground HQVJMM {Bucorvus spp.). In the
primaries of swans and large hawks, the pith starts at some
distance proximal to the upper umbihcus and thickens very
gradually as a pair of lateral plates. The ventral borders of
the plates project into the lumen and meet each other distally, forming a partition in the frontal plane, the floor of
the rachis. This partition divides the pulp of the growing
feather into a slender, ventral portion that passes through
the superior umbilicus and a thick, dorsal portion that
continues distally inside the rachis. In the remiges of swans,
the two portions communicate through a long fissure between
the halves of the floor of the rachis (Boas, 1931:571). Hawk
feathers do not appear to have such a connection because
the fissure divides the pith but not the cortex of the rachis.
Pulp caps form inside the hollow rachis of these feathers
just as they do outside it and in the calamus.
The rachis and vanes of fiight feathers usually curve

downward and toward the body. The latter curvature is
most consistent in the primary remiges. In male junglefowls
and domestic chickens, the central rectrices and their upper
coverts have an intrinsic curvature away from the midline;
owing to their placement, they appear to hang downward.
Other examples of elaborately curved flight feathers of
male birds are the 13th secondary remiges of the Mandarin
Duck {Aix galericulata), the outermost rectrices of the
Superb Lyrebird (Menura novaehoUandiae), and the rectrices
of certain birds of paradise (e.g., Diphyllodes spp., CicinnuTus regius).
The sides of the rachis are generally higher and flatter,
and the edges bounding them are more distinct in flight
feathers than in body contour feathers. The rachis, particularly of a primary remex, is thus trapezoidal or rectangular
in cross section for most of its length. Sections of rachis also
show that the dorsal and ventral walls are thicker than the
sides (Oehme, 1963: fig. 33). The groove in the ventral wall
is often conspicuous at the proximal end for it fades out
before the tip. Internally, septa and cortical ridges are often
well developed, which serves to give a feather the proper
stiffness or fiexibility to meet the demands of flight
(Rutschke, 1966).
Vanes and measurements of barbs
Flight feathers and their coverts are usually asymmetrical
in the shape of their vanes as well as in the curvature of the
shaft. The outer vane is always narrower than the inner, a
feature that identifies an isolated feather as being from
either the right side or the left. The outer vane overlies the
inner vane of the feather lateral to it. Thus when the wings
and tail are folded, the uppermost feathers are the inner
secondaries and the central rectrices. Owing to the disparity
in width, the vanes meet unequal air pressure from below,
which causes the feather to twist. The degree of difference
between the vanes is adapted to each feather's aerodynamic
function. It is greatest in the outer primaries and rectrices
and least in the inner secondaries and rectrices. The outer
feathers form the leading edge of the airfoil, and they twist
to slip through the air as they propel or steer and brake a
bird in flight. Propulsion is a function of the primary remiges,
while steering and braking are functions of the outer rectrices.
The secondaries and inner rectrices do not twist as much
as the other flight feathers, their function being chiefly the
maintenance of an airfoil to create lift.
Secondary remiges 13 through 16 are unusually asymmetrical in male Mandarin Ducks, where they have become
modified for display instead of flight (analyzed by Brinckmann, 1958).
The vanes are usually curved gently downward lengthwise
and crosswise, though they may be perfectly flat. In addition, the inner vanes of primaries are often curved upward
along a proximal section of the margin, as far as the notch,
if this is present.
Examples of flight feathers with unusual modifications of
the feather plane are the corrugated proximal secondaries
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and central rectrices of anhingas {Anhinga spp.) and the
twisted central rectrices of the Pomarine Jaeger {Stercorarius
pomarinus).
The shapes of flight feathers are diverse, especially among
rectrices, probably because they have a less important
aerodynamic role than the remiges. The primaries tend to
be asymmetrically oval or ovate, whereas the secondaries
and rectrices are commonly oval or oblong.
Lanceolate (attenuate) rectrices are present on macaws
{Ara spp.) and the Ring-necked Pheasant (Phasianus
colchicus). Linear feathers, long and narrow with parallel
edges, occur as rectrices of tropic-birds {Phaëthon spp.) and
of male Long-tailed Yokohama Chickens and Greater Birds
of Paradise {Paradisaea apoda).
The tips of the remiges generally range from obtuse to
truncate, the outermost primaries being the most pointed.
The apex is most often in line with the rachis, but it may
be at the end of either vane. In the secondary remiges of
pigeons, for example, the barbs of the outer vane become
progressively shorter until they vanish at the end of the
rachis. Those of the inner vane diminish to a lesser degree,
with the result that they project beyond the rachis and
form the apex of the feather. The 15th and 16th secondaries
of the male Mandarin Duck are more exaggerated examples
of this situation (Brinckmann, 1958). While the rectrices
may have similar tips, they also display a variety of other
conditions among birds.
Truncate tips can be seen on the rectrices of some trogons
(Trogon spp.). Acuminate tips, in which the vanes taper to
a sharp point, occur on the rectrices of woodpeckers (Family
Picidae) and woodcreepers (Family Dendrocolaptidae), which
use them for support when clinging to a tree trunk (Richardson, 1943). The rectrices of certain swifts (Chaetura spp.) have
the same role, but their tips are spinose—the sharply pointed
tip of the rachis projects beyond the vanes. Racket-tipped
feathers have conspicuous vanes at the tip of a partly bare
shaft; examples are the second primary remiges of a male
Standard-winged Nightjar {Macrodipteryx longipennis), the
median rectrices of most motmots {Momotus spp.), and the
outer rectrices of a Greater Racket-tailed Drongo (Dicrurus
paradiseus). The secondary remiges and occasionally the
rectrices of waxwings {Bomhycilla spp.) are unique in having
spangles on their tips. These are red or yellow, with a waxy
sheen, and are formed by the widened, flattened end of the
rachis, fused with the outer barbs (Chandler, 1916:382;
Brush and Allen, 1963).
One or both vanes are abruptly narrowed at some point in
certain primary remiges and rectrices of many birds. Such
feathers are said to be notched (synonyms: emarginate,
incised), and the cut-out space is the notch (synonyms:
emargination, incisure). Some of the outer primaries have a
shallow notch as in the Single Comb White Leghorn Chicken
and the Common Pigeon (fig. 174). More deeply notched
primaries can be seen on some ducks and swans (fig. 173, A),
and still more markedly in vultures, eagles, and buzzard
hawks {Buteo spp.). The outer vane of the most distal functional primary and the inner vane of the most proximal pri-
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mary to be notched are never affected. The tips of emarginate
feathers do not overlap when the wings are spread but are
separated by gaps or slots. Subdividing the wing tip in this
way reduces the induced drag of the wing (Graham, 1930;
Cone, 1962).
Most modifications of flight feathers serve for locomotion
or display, but a few are adaptations for sound production.
The outermost primary remiges of certain male ducks
cause a whistling sound in flight, whether they are attenuated as in the Common Goldeneye (Bucephala clangula),
emarginate as in the Common Scoter (Melanitta nigra), or
lobed on the inner vane as in the Indian Whistling Duck
{Dendrocygna javanica). A quavering sound is produced by
the linear outer rectrices of the Common Snipe (Gallinago
gallinago) and the Siberian Pintail Snipe ((?. megala) when
the birds dive in flight (Heinroth and Heinroth, 1958:127).
The tail feathers of a male Anna's Hummingbird (Cahjpte
anna) cause a sharp report at the bottom of a display dive
(W. J. Hamilton, 1965:38).
All the barbs of a typical flight feather bear pennaceous
barbules except those at the base of the vanes and around
the superior umbiHcus, which have short plumulaceous
barbules. The transition from pennaceous to plumulaceous
structure in these basal barbs is often abrupt; barbs more
distally placed become entirely pennaceous as the transition
shifts toward the margin. The length of the barbs in a typical
remex or rectrix increases markedly in the first few barbs
at the base, remains fairly constant through most of the
vane, and decreases markedly at the tip. The pattern of
variation is so diverse among all birds as to defy further
generahzation. Brinckmann's (1958) analysis of the 13th
secondary remex on the male Mandarin Duck shows how
this variation can be studied.
The angle between the barbs and the shaft is equal in
both vanes of the secondary remiges and vanes of the inner
rectrices. On the primary remiges, however, the barbs of
the outer vane are set more acutely than those of the inner
vane, especially on the farthest feathers on the wing tip.
There is a similar but lesser difference between the vanes of
the outer rectrices. The angle of the barbs is fairly constant
from the base of the rachis to the tip in secondaries and inner
rectrices, but it diminishes in the primaries and outer rectrices. Voluminous measurements of the barb angle in many
birds have been recorded by Janda (1929). The flexibility
and width of a vane are partly dependent on the angle of
its barbs. The smaller the angle, the more the barbs restrain each other and the more they supplement the rachis.
Unless the barb angles of a flight feather are symmetrical,
the outer vane is always stiffer than the inner vane. This
difference is most pronounced in the outermost primaries.
The spacing of the barbs on a given feather tends to vary
inversely with the angle from the shaft. Hence, the smaller
the angle, the wider the spacing (or the fewer barbs per unit
of shaft length). Li asymmetrical feathers, the barbs of the
outer vane are accordingly fewer and farther apart than
those of the inner vane. Janda's (1929) measurements show
that the barbs of flight feathers are generally closest at the
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173.—Tegmen (expanded ventral ridge) on the pennaceous barbs of a primary remex from a Mute Swan {Cygnus olor).

A, whole feather, indicating location of barbs.
B, section of barb from inner vane with plain tegmen, in oblique view
of distal side.

C, sections of two barbs from outer vane with fringed tegmen, in
oblique view of distal side.
D, section of tegmen from outer vane barb at higher magnification.

tip of the vane, farthest apart in the middle, and at some
intermediate spacing elsewhere. Our measurements (table
12), however, show that the barbs are often closest together
at the base although distally their spacing varies in a different
manner along both sides of the rachis. The pattern of spacing
itself differs among birds (table 12), undoubtedly in relation
to properties that are adaptive for different kinds of flight.
Porosity of the feathers, determined partly by the spacing
of the barbs, may affect boundary layer airflow (Raspet,
1960:197).

are supplemented with longitudinal ridges in Old World
vultures. Another modification at the junction of ramus
and rachis can be seen on the inner vanes of the outer primaries of hummingbirds. The proximal surface of the bases
of the rami is greatly swollen toward the dorsal side, nearly
filling the space between barbs. The ridges and swellings
appear to reinforce the rami against upward or downward
air pressure while allowing them to flex as though hinged
(Sick, 1937:341).
The thickness of a ramus decreases from base to tip, as
in the barbs of contour feathers (fig. 163). It decreases from
proximal to distal in a vane but varies among flight feathers,
with the result that the thickest rami are usually those at
the base of the vane in primary remiges and rectrices. Finally,
the rami of the inner vane are always slightly thinner than
those of the outer vane. This difference is especially noticeable in an emarginate feather, distal to the notch (Chandler,
1916:265). A ramus usually tapers gradually, but in those
primaries and rectrices where it bears an expanded ventral
ridge (see p. 259), the thickness and the ventral ridge are
reduced at the same place, about one-third to one-half the
distance along the ramus (Mascha, 1905:7). AU these variations are probably related to the demands for flexibility oi
stiffness in different parts of the airfoil.

Ramus
The attachments of the rami to the rachis are generally
the same in flight feathers as in body contour feathers. On
the primary remiges of some birds, however, fine ridges run
proximally and ventrally across the side of the rachis from
the ventral margin of the junctions of the rami. These ridges
are present up to the point where the rachis is only as high
as the base of a ramus. The ridges are longer and more
pronounced on the outer vane than on the inner. The outer
side of the rachis may also bear a series of longitudinal
ridges, each of which comes from an oblique ridge and runs
proximally toward the next ramus, not quite reaching it.
Oblique ridges occur on the primaries of hawks, and they

CONTOUR FEATHERS
The ventral ridges on the rami of flight feathers are narrow
or absent in most birds. They are moderately wide on some
rami in the primary remiges of pehcans, cormorants, herons,
storks, vultures, hawks, sandpipers, plovers, and sandgrouse.
The underlapping of these ridges gives a velvety appearance
to the underside of the feathers.
Wide ventral ridges occur on certain remiges, rectrices,
and coverts of loons, albatrosses, ducks, geese, swans, eagles,
some owls, and many galliform birds. Within the last group,
wide ventral ridges have been found in the Capercaillie
(Tetrao urogallus), Black Grouse {Lyrurus tetrix), Red
Grouse (Lagopus scoticus), a few pheasants (Pucrasia
macrolopha, Phasianus spp., Chrysolophus spp.), Common
Partridge {Per dix per dix), and turkeys. They are absent in
quails, guineafowl, Red-legged Partridge (Alectoris rufa),
most pheasants, and chickens. The presence of wide ventral
ridges can easily be detected because they create a glazed
sheen along a medial portion of the underside of a feather.
A ventral ridge of the widened type is known as a tegmen
(Gladstone, 1918:244). It is a thin shelf that projects almost
horizontally from the body of a ramus (fig. 173). A tegmen
may touch or underlap the next ramus on the distal side
and thus cover the space between the barbs. The margin
of the ridge is typically smooth, but it is rough or frayed
into extremely fine irregular vilH on the outer vanes of the
remiges of anseriform, falconiform, and some galliform and
ciconiiform birds (fig. 173, C, D). The tegmen is flat in cer-

TABLE

12.—Spacing of barbs in primary remiges

Species

Whistling Swan iCygnns
columhianus).
Mallard {Anas platyrhynchos)
Common Coturnix {Coturnix
coturnix).
Single Comb White Leghorn
Chicken {Gallus gallus var.
domesticus).
Mourning Dove {Zenaidura
macroura).
Yellow-shafted Flicker (Colaptes
auratus).
Robin {Turdus migratorius)
Common Crow (Corvus
hrachyrhynchos).

Average distance between centers
of rami on vane at three locations
on vane^
Base

Middle

Tip

Microns
454
238
385
217
385
167
385
172

Microns
833
555
625
454
500
417
1250
454

Microns
500
714
500
417
625
417
417
263

227
167
312
178
333
250
385
217

555
357
714
417
500
385
714
454

555
454
625
454
555
454
555
555

1 Calculated from the number of barbs in a 5-mm. span. In each
pair of numbers at a vane location for a given bird, the upper value
refers to the outer vane, the lower value to the inner vane.
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tain species (e.g., Black Grouse, Red Grouse, Grey Partridge,
ducks, geese, and swans) and curved outward in others (e.g.,
Capercailhe, Ring-necked Pheasant, turkeys, and ow4s). It
extends along one-third to two-thirds the length of the
ramus and tapers distally. The tip of the tegmen sometimes
detaches from the ramus, forming a pennant.
The width of ventral ridges differs between the vanes
and varies among birds. For example, it is wide on the inner
vane and moderately wide on the outer vane of the remiges
of the Grey Partridge, w^hereas it is wide on the outer vane
in Red Grouse and Ring-necked Pheasant. Wide ventral
ridges are present on the rectrices of Red Grouse and Capercaillie but absent from these feathers in the Ring-necked
Pheasant and Grey Partridge. Gladstone (1918:246), w^ho
made these observations, suggested that the presence or
absence of these structures might be of taxonomic value.
While this may be true for closely related forms, the character must be used cautiously in view of its functional significance. The expanded ventral ridges act as flap valves that
prevent air from passing upward between the barbs. They
appear to be adaptations for modes of flight in which the
feathers are subjected to strong air pressure from below
(Richardson, 1943).

Barhules
We have frequently pointed out variation of feather parts
in size, proportion, or structure, both within feathers and
among birds. In contrast, the pennaceous barbules of flight
feathers are fairly constant in size and spacing. These dimensions hardly vary with the size of a bird or even its feathers.
The length of a distal barbule from the middle of the inner
vane of a primary remex is only 3.5 times larger in a Griffon
Vulture {Gyps fulvus) than in a Sword-billed Hummingbird
{Ensifera ensifera), although the vulture is many times
larger than the hummingbird (data from Carlisle, 1925).
The distance between barbules in all birds ranges only from
20 to 30 microns for distal barbules and 30 to 40 microns
for proximal barbules (Mascha, 1905:18, 23). The radial
angles, as measured on the inner vanes of primary remiges
of various birds, range at least from 29° to 58^ on the distal
side and 10° to 41° on the proximal side (Carlisle, 1925).
Even on a given barb, the distal angle is usually larger than
the proximal, though in some passerines the angles may
be equal or the proximal angle may be slightly larger.
The barbules on the flight feathers are larger and more
highly developed than those on the body contour feathers.
Their bases are relatively shorter and do not have flexules
or a basal flange. In a row of barbules on a single barb, the
base becomes shorter, in relation to the pennulum, from
the proximal end to the distal end. The ratio of base length
to pennulum length varies considerably among birds, even
among the distal barbules of primaries. In his preliminary
article on the dimensions of barbules, Carlisle (1925) pointed
out that they tended to vary according to the affinities of
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birds. The barbules of the remiges are adapted so closely
to the operation of the feathers, however, that their measurements and ratios are best considered in respect to a bird^s
manner of flight. Actually, very little can be concluded from
measurements at a single locus because of the variability
throughout vanules and between vanes,
Barbules of the distal type on the inner vane generally
differ from those on the outer vane as follows :
1. Base is shorter and relatively wider.
2. Pennulum is longer.
3. Hooklets are fewer.
4. Cilia are more numerous.
5. Proximal dorsal cilia are developed as special lobate
processes; homologous cilia are absent on the outer vane.
These structures are discussed further on pages 293 and 294.
The barbules of the proximal type are generally very similar in the medial zones of both vanes (i.e., along the basal
portion of a barb) but differ in the marginal zones (i.e.,
terminal portion of a barb). Their base is longer and narrow^er than that of the distal barbules, and they are also
characterized by three to six ventral teeth and a filamentous
pennulum. The proximal barbules in the marginal zones
differ in their barbicels. On the inner vane, these are weakly
developed or absent, whereas on the outer vane there are
usually several large, recurved ventral barbicels that resemble the hooklets of distal barbules. It is often impossible
to classify them as either teeth or ciha because they grade
between these forms, and because the base of such barbules
tapers gradually into the pennulum.
Special barbules of the distal type that bear lobes on the
dorsal side occur in the inner vanes of flight feathers and
their upper coverts, and in the outer vanes of their under
coverts. The principles underlying their distribution and
function were first explained by Graham (1930), but the
barbules themselves were not accurately described until
the work of Sick (1937:213). Oehme (1963:576) provided
further details on their morphology and action. The German
workers referred to the barbules as Reibungsradien, and
since we have not found an EngHsh equivalent, we propose
to translate their term as friction barbules.
Let us consider the arrangement of the remiges when the
wing is outspread in order to understand the distribution
of the friction barbules before we examine their structure.
The rachis, the outer vane, and a medial portion of the
inner vane of every remex (except the outermost primary)
overlap a lateral portion of the inner vane of the remex
distal to it. These zones of overlap between the primaries
on the right wing of a Common Pigeon are marked by stippling in figure 174, A. Under normal conditions, shown in
figure 174, B, the upcurved (recurved) lateral portion of
an inner vane touches the rachis and the downcurved (decurved) outer vane and medial portion of an inner vane on
an overlying feather. If the feathers shp apart, the lateral
portion of the inner vane on the lower feather remains in
contact with only the outer vane of the upper feather. Friction in the areas of overlap between feathers supplements

the action of muscles and ligaments in keeping the feathers
in place. A certain amount of friction is created even between
ordinary contour feathers because of roughness of the vanes,
and it is heightened in the flight feathers and coverts by the
modified distal barbules.
The distribution of these barbules on a feather can be
mapped by examining, under a microscope, barbs from
several levels along the vanes. The distances are measured
on each barb from the proximal end to the first and the
last barbules that bear lobes. When these measurements are
plotted on an outline drawing of the feather and the points
are connected, the result is a diagram such as figure 174, C,
which shows primary remex 8 of a Common Pigeon.
Two zones of friction barbules can be distinguished on
the basis of the morphology of the barbules, as wiU be explained shortly. They start near the base of the inner vane
and extend nearly to the tip or to a notch if this is present.
Comparison of figures 174, A and C, reveals that the
combined zones of friction barbules correspond closely to
the zone of overlap. The absence of friction barbules and a
recurved margin beside the notch permits the tip of the
feathers to separate for aerodynamic reasons (Graham,
1930). Variation in the zones of friction barbules among
the primary remiges, and relationship to the notch were
shown by Oehme (1963: fig. 39) for the Common Starling
(Sturnus vulgar is) and the Blackbird (Tur dus merula).
If a barb from the inner vane of a pigeon primary is
examined from base to tip, it will be seen that the distal
barbules near the rachis are normal in shape and have a
short pennulum and a single, small dorsal cilium (fig. 174,
D). Farther out, the pennulum lengthens, dorsal cilia increase
in number, and the first one or two ciha become lobate (fig.
174, E, F, G). According to Oehme (1963:577), ah barbules
that bear a lobe should be considered long friction barbules
(German: langen Reibungsradien), regardless of the length
of the pennulum. Near the tip of the ramus there is an
abrupt transition to barbules with a short pennulum and a
single, slightly enlarged dorsal cilium (fig. 174, H); these
are the short friction barbules (German: kurzen Reibungsradien) .
Friction is created w^hen the lobes of the friction barbules
on one feather rub against the rami of the proximal barbules
on the overlying feather, especially along the decurved
leading edge (Graham, 1930:18). Sick (1937) believed that
the lobes of ah the friction barbules opposed the shaft and
the normal ciha opposed the vanes, Oehme (1963), however,
stated that there is no friction against the shaft, but rather
coarse and fine friction against the vanes caused by the long
and the short friction barbules, respectively.
As mentioned previously the two forms of friction barbules are the basis for distinguishing two zones on the vane.
The short friction barbules lie in a narrow band along the
margin and the long friction barbules (graded in length) lie
in a much wider band medial to it. In a Common Pigeon,
the outer zone is up to 5 mm. wide, and the inner zone is
about twice as wide. The inner zone always extends slightly
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beyond the outer at both ends. In the pigeon, it runs for
60 to 75 percent of the length of the vanes, a proportion
that varies among the primaries.
The friction zones are conspicuous on the remiges of
hawks and falcons because the dorsal cilia are long and
numerous, creating a "forest of spines" (German: Dornenwald. Sick, 1937:227). The remiges of most owls and caprimulgiform birds (i.e., goatsuckers, nightjars, potóos, and
their allies) have a distinct velvety nap, but the texture
here is created chiefly by long upward-pointing pennula on
the distal barbules (for details, see Mascha, 1905:17; and
Sick, 1937:242). Although both the dorsal and the ventral
cilia are well developed on the remiges of owls, they serve
only indirectly to create the nap. They stabilize the vanule
by crossing over or under pennula, from one to the next.
The long, bare tips of the pennula do not have this function,
as in other feathers, but stick up at a large angle. The velvety
surface not only magniñes the friction between the feathers
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but also quiets the sound of the feathers rubbing against
each other. In certain owls {Scotopelia spp., Ketupa spp.,
Lophostrix cristata), however, the dorsal cilia and raised
pennula are reduced, with the result that the feathers have
a smoother, harder surface (Sick, 1937:246). The remiges
of some birds, on the contrary, are so modified as to cause
more noise by friction. The Wattled Bird of Paradise {Paradigalla carunculata), for example, makes a distinct rustling
noise when flying because of the modified tips of the terminal barbs and their proximal barbules in the outer vanes
of the primary remiges (Stein, 1936:23; Sick, 1937:260).
Afterfeather
Remiges and rectrices commonly have an afterfeather,
though not an aftershaft, in the restricted sense of that
term. Their fringe of umbilical barbs constitutes an aftertuft
that is essentially the same as the type 6 afterfeather of

Notch

• Zone of overlap between
primary remiges (stippled)

- Zone of short friction barbules
. Zone of long friction barbules
-Zone of unmodified barbules

Normal dorsal
cilium

Lobate dorsal
ciliuin

/f. Ö. ¿TK/ZA/e-

FiGUBE 174.—Friction barbules of a Common Pigeon.
A, dorsal view of wing tip, showing slots and zones of overlap between primary remiges.
B, sections of two primaries as seen from distal end, showing overlap
of vanes.

C, primary remex 8, showing friction zones and notch.
D to H, series of distal barbules from inner vane of primary remex
8. D, unmodified. E, F, G, long friction barbules. H, short friction
barbule.
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body contour feathers (p. 255). It differs only in following a
deep curve or V-shape instead of a shallow curve or straight
line. The aftertuft of a flight feather may easily grade into
an aftershaft type of afterfeather, as was pointed out and
illustrated by Hempel (1931:713).
Ear Coverts
The outer openings of the ears are covered in most birds
by small, distinctive feathers that arise around the rim.
These have been collectively called the ear covert (Boulton,
1927:391), but this term is usually applied to the feathers
individually. Synonyms for the ear coverts are auricular
feathers and opercular feathers. Following Chandler (1916),
we classify them as modified contour feathers. There are
one to four rows of coverts, though the number is sometimes
indefinite because these feathers may grade peripherally
into those on the face and neck. There tend to be more rows
on the anterior side of the opening than on the posterior.
The feathers are closer together than those on the face and
neck, but the spacing also varies around the ear. The coverts
are usually largest on the anterior or anteroventral side of
the opening; they diminish toward the opposite side (fig. 56,
p. 100). In spite of their circular arrangement, all the feathers
point in the same direction^posterodorsally or posteroventrally. Accordingly, the large anterior coverts project
across the ear opening, whereas the small posterior ones
project away from it. The tips of the anterior coverts are
propped up in most birds by the posterior coverts. They
remain unsupported if the feathers are too short to reach
across the opening, as in vultures.
Ear coverts agree with typical contour feathers in having
a well-developed shaft with moderately stiff, parallel barbs.
In such birds as chickens and passerines, their vanes are
flat and relatively broad, and hence resemble the pennaceous portion of body contour feathers (fig. 203, D, p. 306). If
the coverts are very small and compact, as in coturnix, they
may be mistaken for bristles, but such feathers do not have
barbs all along the rachis (see p. 323). The ear coverts of
herons and grebes resemble semiplumes because of their
flexible barbs, but they are not actually downy.
The distinctive features of all these coverts are their
location and the open texture of their vanes. Though superficially pennaceous, the vanes are not closely knit, and there
is no plumulaceous portion at the base, as in typical contour feathers. The barbs are more widely spaced than in
true pennaceous vanes. They appear slightly thicker than
usual because the barbules are small and often lie close
beside the ramus. Simple barbules are present in any of
three forms—reduced pennaceous, reduced plumulaceous,
and stylet. The first of these is characterized by tapered
thickness along the full length. The proximal cells may
bear small dorsal and ventral flanges, in which case a base
and a pennulum can be distinguished. If the feather is
colored, the nodes of the cells are but lightly pigmented if

at all. There are usually no nodal prongs. Barbules of this
type occur on the ear coverts of passerines, for example.
Reduced plumulaceous barbules have a straphke base and a
fairly long pennulum, but they are stiff and have faint
nodes. They are present on the ear coverts of owis. Stylet
barbules are the shortest and simplest of the three types.
There are no more than faint superficial indications of cell
boundaries and only a slight narrowing, at most, to suggest
a division between base and pennulum. Stylet barbules
occur on the ear coverts of such birds as grebes, herons,
ducks, hawks, chickens, and other gallinaceous species (fig.
171, Ea.ndH),
An afterfeather is commonly present, and it may resemble
that on a body contour feather, as in herons, hawks, and
sandpipers. These afterfeathers represent type 3 (p. 253).
In chickens and some hawks they are more than half as
long as the main vanes (Chandler, 1914:358). Usually,
however, the afterfeather is smaller on the ear coverts than
on typical contour feathers. Grouse, for example, have
only a tiny aftertuft on the ear coverts in contrast with the
type 2 afterfeathers on the body feathers (Chandler, 1916:
273). Owls and passerine birds lack an afterfeather on the
ear coverts, whereas they have type 6 and type 4 afterfeathers, respectively, on the body contour feathers. On the
other hand, the afterfeather is relatively larger on the ear
coverts than on the typical contour feathers in grebes and
ducks. In ducks, the ear coverts have a long aftershaft with
barbs, w^hereas the body feathers have only an aftertuft.
Ear coverts perform two functions in most birds—they
screen the external opening of the ear and they improve
hearing ability. The anterior coverts form a lattice that
allows the passage of air but not foreign bodies. In diving
birds, they may well trap air underneath and thereby keep
water out of the ear. The auditory role of the feathers and
their analogy with the auricle of the ear in mammals were
recognized at least 150 years ago (Tiedemann, 1810:92).
Measurement of pressure on the tympanic membrane confirms the theory that the feathers collect acoustic energy
and direct it into the ear (IFiehev and Izvekova, 1961). The
structure of coverts diminishes the noise caused by wind in the
external auditory meatus but allows significant sounds to
penetrate (Pumphrey, 1961: 80). As in mammals, the most
efficient external ears occur on birds with the most acute
hearing. Owls, of course, are preeminent in this regard, followed by goatsuckers and certain parrots, shorebirds, herons,
and hawks (not in order of rank). Within these groups, the ear
coverts are most modified for sound catching in species with
nocturnal habits (IFichev, 1961a, b).
The morphology of the external ear is highly developed in
nocturnal owls. Anterior and posterior to the auditory
meatus, the skin forms membranous flaps, the preaural and
postaural folds (Pycraft, 1898:229. German: Ohrfalte =
aural fold). In birds such as the Tawny Owl (Strix ahico),
wheie the preaural fold is very large, it is know^n as the
operculum (German: Ohrklappe). The folds are extremely
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variable among owls, and in species of Asio (e.g., Longeared Owl, A. otus), the postaural fold encircles threequarters of the auricular region. The folds can be erected,
and the shape of the ear opening can be altered by the action
of three muscles from the skull that insert on the folds
(Stellbogen, 1930).
Development of these flaps is complemented by modification of the ear coverts. On the preaural fold are a few, closely
spaced rows of feathers that point upward and outward.
These coverts are long and narrow^, with a stiff, slightly
decurved shaft, firm open-textured vanes, and no afterfeather. The barbs bear stylet barbules that are extremely
short and closely appressed to the ramus. Simplified plumulaceous barbules arise from the bases of the more distal
barbs. The feathers anterior to these have a thinner, more
curved rachis, and they grade into the feathers on the face.
In turn, the postaural fold bears short, upright feathers
with a stout calamus. They may be so numerous and closely
packed that their embedded bases thicken the rim of the
fold. These coverts may resemble bristles because of their
stiffness and narrow, inconspicuous vanes. They form a fan
that projects forward and outward, opposite the preaural
fold. The feathers behind them are progressively larger and
graded into those on the back of the head.
The feathers on the orbital region of most owls form a
roughly circular, flat or concave surface termed the ''facial
disk.'' The posterolateral border of the disk is made up of
the ear coverts, and is known as the limbus facialis (IFichev,
1961a). To a lesser degree this landmark for the ear occurs
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in other birds with well-developed ears, for example, owletfrogmouths (Family Aegothelidae) and certain parrots and
hawks. The limbus facialis in these species appears as a line
or low crest of feathers that curves vertically around the
side of the head. As in owds, it is formed by the tips of the
preaural and postaural coverts. These contrast with the
adjacent feathers in the texture, color, or angle of the vanes.
The ear flaps are normally closed, and the feathers cover
the auditory meatus. When keener hearing is cafled for, the
flaps open and create with the coverts a funnel that ampHfies
the signal by gathering sound energy from a larger area
(Stellbogen, 1930; Frey, 1952-53). They also improve an
owFs ability to determine the direction of the source of
sound, particularly in species that have asymmetrical ears
or ear flaps. Experiments have shown that a Barn Owl
{Tyto alba) can catch live mice in total darkness, guided by
their rustling or squeaking. The ow4 can gauge direction but
not distance if one of its ears is plugged with cotton (Payne
and Drury, 1958).
Various birds have tufts or crests of feathers above the
ears, knowm as ear tufts. These occur in such diverse species
as the Macaroni Penguin (Eudyptes chrysolophus), Tufted
Puffin {Lunda cirrhata), Great Horned Owl (Bubo vircjinianus),
and Horned Lark (Eremophila alpestris). The tufts are composed of elongate feathers from the temporal tract and do
not include the ear coverts.
The auricular region is sparsely feathered or entirely bare
in such birds as the ostrich, cassowaries, some storks and
ibises, New World vultures, Old World vultures, and rockfowls (Picathartes spp.).

SEMIPLUMES
While it is convenient to classify feathers into several
structural types, they actually intergrade from large, stiff
primary remiges to small, fluffy down feathers. Semiplumes
are sometimes combined with the downs, but they are considered here as a category between the contour feathers
and the downs. It is a combination of features from both
these types rather than any unique features that characterizes semiplumes. These feathers were first discussed by
Nitzsch (1867:14), and subsequent accounts have been
based on his description. Other names for these feathers
are half-downs (Newton and Gadow, 1893-96:241) and
Halbdunen (Gadow^ and Selenka, 1891:530). Confusingly,
semiplumes are known as fluff, not half fluff, in poultry
terminology (Hardy and Hardy, 1949:3). Half fluff refers to
contour feathers that are half pennaceous and half downy.
Semiplumes are feathers with a long rachis and entirely
plumulaceous vanes (fig. 204, p. 310). The presence of even a
small pennaceous portion at the tip of an otherwise fluff'y
feather distinguishes it as a contour feather. On the other
hand, semiplumes can be separated from down feathers by the
relative lengths of the rachis and the longest barbs. According to this arbitrary but workable criterion, semiplumes
have a rachis that exceeds the longest barbs, and down

feathers have a rachis shorter than the longest barbs. The
barbs are like those in the plumulaceous, basal portion of
the vanes of contour feathers. They consist of long, fine,
flexible rami and noded, plumulaceous barbules. Afterfeathers are present on the semiplumes if they are also present
on the contour feathers.
Semiplumes are distributed along the margins of tracts
of contour feathers and in tracts by themselves. Pycraft
(1898:231) pointed out that they are lined up with the
contour feathers, and hence different from down feathers
that occur between the contour feathers. This distinction
does not necessarily apply to down feathers situated beyond
the semiplumes in an apterium, as in chickens. Pycraft observed that the location and structure of semiplumes suggest, first, that they are simplified contour feathers and,
second, that they indicate a restriction of once wider tracts.
They are concealed by the contour feathers which they
supplement in insulating the body. They are often abundant
in the abdominal region and reach their greatest size beneath
the under tail coverts of certain storks (Leptoptilos crumeniferus). These are the ''Marabou feathers'^ once used in
millinery (Nitzsch, 1867:14).
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DOWN FEATHERS
The term "down" is applied both to plumage composed
of small fluffy or lax feathers and to individual feathers.
There are two major categories of down feathers—the natal
downs, which are present on a bird when it hatches or shortly
afterward, and the definitive downs, which occur in later
generations of feathers. All downs are wholly plumulaceous.
Their rachis is usually either absent or relatively short.
Downs can be distinguished from semiplumes by the criterion of a rachis that is shorter than the longest barbs. Their
texture results primarily from their slender flexible rami
that bear long, segmented, filamentous barbules without
hooklets (p. 265), Secondary factors that affect downy
texture are discussed on page 311.

Natal Downs
Natal downs (synonyms include nestling downs, neossoptiles, and neoptiles) can be seen on newly hatched birds
such as petrels, ducks, chickens and other galliform species,
shorebirds, gulls, pigeons, and perching birds (passerines).
Other young birds are naked when hatched, but they start
to show these feathers within a few days. This is seen in
loons, pelicans, cormorants, and frigate-birds. A nesthng is
said to be ptilopaedic if the natal plumage forms a dense
covering over the entire body, as in ducks, chickens and
other galliform species, rails, and pehcans. It is psilopaedic
(gymnopaedic) if there are only a few feathers on the tracts
for the contour feathers, as in herons, pigeons, and passerines.
This latter condition has been described for many species
by Wetherbee(19o7).
A few variations in the sequence of nestling plumages
may be mentioned here. Young penguins and Barn Owls
{Tyto alba) produce two downy plumages before a pennaceous
one; the second downs of the owls are distinct feathers

(Witherby et al, 1943, 2: pL 60, fig. 2; p. 345), whereas
those of penguins are actually the plumulaceous tips of the
first pennaceous feathers. ^ Nestling hawks also grow two
sets of downs, but the second set is composed of feathers
of the adult type that emerge from folHcles between those
for the natal downs; they persist with the contour feathers
that follow the natal downs. On the other hand, certain
birds never develop any nestling down; kingfishers, rollers,
most woodpeckers, and a few passerines are naked when
hatched, and then grow a plumage of contour feathers like
those of adults.
A nesthng bird may show from one to three kinds of down
feathers, corresponding to certain kinds of definitive feathers.
Two of these were pointed out and named by Pycraft (1898:
253) but were criticized by Schaub (1912:166) on the ground
that in hawks, the feathers that precede the definitive downs
on the tracts are not a component of the natal feathering.
While this is true, as explained above, it does not invalidate
the general concept. These categories plus a third, as seen
in ducks, were subsequently described by Ewart (1921)
and Lamont (1922). By far the most conspicuous are the
prepennae (singular: prepenna), natal feathers that precede
contour feathers (including flight feathers), semiplumes,
and definitive down feathers in the apteria. Preplumules
are natal feathers that precede downs situated among the
contour feathers. They are present in ducks and owls but
absent in pigeons, gaUinaceous birds (except Blue Peafowl,
Sager, 1955:36), and others that do not have definitive
downs on the tracts. As seen in White Pekin ducklings (fig.
230, p. 356), they are about one-fourth as large as the
prepennae; they consist of a calamus, a very short rachis
1 Clark, G. A., Jr. Written communication.

Barb
Rachis
Remnant
of sheath
Calamus

FiGUKE 175.—Natal down of a Single Comb White Leghorn Chicken. Only one barb is shown with barbules. The inset shows
the junction of barbs with the rachis and the calamus at a higher magnification.
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with a few barbs, and several umbilical barbs (see ch. 7 for
details). Prefiloplumes are natal downs that precede the hairlike feathers known as filoplumes. They have been reported in
ducklings (Ewart, 1921), but we have not found them in baby
chicks. The fact that they have not been reported in other
birds may be due to their inconspicuousness. In White
Pekin ducklings (fig. 231, p. 356), the prefiloplumes are
approximately one-twenty-fourth as large as the prepennae;
they consist of a basal tube resembling a calamus, a rachis,
and barbs (see p. 354ff. for details). NestHng owls bear filoplumes, but these have the definitive structure and are not
prefiloplumes (Pycraft, 1898:258).
Accounts of natal feathers usually refer to prepennae.
These appear sooner and are larger and more common than
preplumules or prefiloplumes. They consist of at least a
calamus and a cluster of barbs, and sometimes a short rachis
as well (fig. 175). A hyporachis may be present in the prepennae of birds such as galliforms, which have it in the
definitive feathers. Even in chickens, however, it is extremely
short, being composed of hardly more than the fused basal
ends of a few barbs. No hyporachis is shown in figure 175.
Although prepennae are grossly similar in many species of
birds, close examination reveals wide differences in the
structure of the calamus and its relationship with the barbs.
These features reflect, in turn, the relationship between a
natal down and the feather that succeeds it.
Natal feathers with a well-developed calamus and a
moderately long rachis are exemplified by the prepennae of
baby ducklings (fig. 229, p. 355). The structure of these
feathers, particularly the tîondition of the rachis, was regarded
by Schaub (1912:168) as representing an early stage in the
phylogeny of feathers. He considered it to be a primitive
characteristic of ducks, geese, and swans.
Natal feathers with a short calamus and a rachis that
ranges from moderately long to extremely short can be
seen on the body tracts of chickens, turkeys, and pheasants.
The calamus is sometimes weak and shows faint longitudinal
streaks inside the wall. These streaks indicate some continuity between the barbs of the natal and the juvenal
feathers. These down feathers are discussed further in
chapter 7,
The third and most common form of natal down is that
in which there is no rachis whatever. Feathers of this sort
occur on loons, grebes, petrels, boobies, herons, quails,
shorebirds, gulls, pigeons, and passerines (Jones, 1907). In
some cases, the barbs attach to the upper end of a calamus
that can split into longitudinal segments. Jones regarded
this tube as not being a true calamus because of its mode
of formation. Becker (1959:519), however, maintained that
it is homologous with the calamus of later feathers. The
strips represent abortive barbs that provide an indirect
connection between the natal and the juvenal barbs. In
other birds, the barbs are continuous from one feather to
the next as they pass through a short ring of sheath. This
ring appears to be a calamus but actually is not, as explained in chapter 7. The barbs undergo a rapid transition
as the long, plumulaceous barbule^ on the natal segment
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give way to shorter, pennaceous barbules in the juvenal
segment. The ramus may or may not change.
Jones (1907), Schaub (1912), and others believed that
natal downs of this third category were merely the tips of
the juvenal feathers, not separate feathers. Boas (1931:359),
however, pointed out that successive feathers of later generations are connected also. His finding has recently been
confirmed and amplified by Watson (1963a, b). Boas observed that if a nestling feather is considered as a terminal
part of the juvenal feather, then all the following generations
of feathers from the same follicle must be considered as
together forming one feather. Since this is unreasonable,
one is forced to consider the nestling downs as representing
a separate generation of feathers. Broman (1941:202) concurred with this opinion. Additional support came from
Watterson^s (1942:248) finding that in the chick embryo
^'there is a definite cessation in growth between the completion of the down feather and the onset of juvenile feather
formation.^'
Regardless of the arrangement of the major parts of a
natal down, the barbules are always of a plumulaceous type.
They are shorter and less distinctively shaped than the
downy barbules from definitive feathers of the same species.
For example, the shding nodal ring of turkey feathers and
the large triangular nodes of ducks are absent from the
barbules of nestling downs on these birds. The segments of
the pennulum may taper from the base in nestHng barbules
instead of being uniformly slender, as in definitive barbules.
Schaub (1912:169, 171) observed that in the natal downs of
anseriform and galliform birds, the tips of the terminal
barbs are free of barbules. Parkes^ stated that this condition
occurs in diversely built natal feathers of many birds. He
pointed out that it appears to be a reliable criterion for
distinguishing between natal downs and the down feathers
of later plumages, as long as unworn specimens are used.
At the tips of terminal barbs, barbules are absent in natal
downs but present at nearly full length in subsequent down
feathers. This difference can be seen by comparing the
natal and the adult downs of a chicken (figs. 175, 176).
Usually the natal downs are followed directly by the
juvenal contour feathers, except in penguins, rheas, barn
owls, and ducks. In these birds, the natal downs are followed
by semiplumes, a second set of downs, or abortive feather
structures, which in turn are succeeded by the juvenal
feathers. These intermediate feathers were first called mesoptyles (Pycraft, 1907:11) and later deuteroneoptiles (Schaub,
1912:137). Both terms, particularly the first, have been
restricted to intermediate feathers of downy structure.
Thomson (1964:455), for example, defined mesoptile as the
'Herm applied to the second of two nestling down plumages,
in cases where there is such a sequence, the first then being
called 'protoptile.' '' We use the term in a wider sense,
designating as a mesoptile (mesoptilus) any feather, whether
complete or abortive, that succeeds a nestling down yet
does not resemble the definitive feather. Parkes and Clark,
2 Parkes, K. C. Oral communication.
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Jr.,3 have suggested that the terms^'protoptile" and'^esoptile'' be dropped because so many conflicting meanings
have been attached to them. They propose instead to use
the terms, natal down (stage) A and (stage) B. This is a
simpler, less ambiguous terminology^ and it is starting to
be followed (Palmer, 1962). One drawback, however, is that
some feathers following the first downs are so pecuhar that
it seems unreasonable to call them downs. An example of
such a structure can be seen on the remiges of a duckling
(fig. 229, (7, p. 355; labeled mesoptile). A lesser flaw is that
stages A and B may be thought of as referring to parts of
the same feather; natal down B, where it occurs, is usually a
plumulaceous tip of the following, first pennaceous feather.
Interconnections between parts of a natal down (stage A),
a mesoptile (stage B), if any, and the following feather vary
at different locations on the feather tracts and among birds
(Ewart, 1921:614). Workers studying these feathers should
explain in each case the relationships between the stages,
regardless of the terminology used.

Definitive Do>^ns
The second category of downy feathers is that of the
definitive downs (adult downs or plumules), which occur
at various places on the body as part of the immature and
the adult feather coats of most birds. The distribution of
these feathers appears to be related to the need for insulation
in each species and probably does not have as much phylogenetic significance as thought by Chandler (1916:255).
The patterns of distribution of definitive down feathers
found among birds are as follows:
1. Evenly distributed over the entire body : penguins,
loons, grebes, petrels, cormorants, pelicans, storks, flamingos,
ducks, hawks, rails, alcids, and parrots; most abundant on
water birds.
2. Sparsely or unevenly distributed : shorebirds, gulls,
owls (see Pycraft, 1898:233 for distribution of plumules in
owls; cf. Chandler, 1916:386), and kingfishers (dense in
apteria, sparse in tracts).
3. Confined to feather tracts: tinamous.
4. Confined to apteria: herons, bustards, most gallinaceous birds, goatsuckers and their alhes, and swifts.
5. Sparsely distributed in apteria or entirely absent:
ostrich, rheas, cassowaries, kiwis, sandgrouse, pigeons,
cuckoos, hummingbirds, colies, trogons, coraciiform birds
except kingfishers, piciform birds, and passerine birds.
Some workers have attempted to distinguish the downs
on the feather tracts as true, in contrast to those on the
apteria, which are presumably false. There does not seem
to be any inherent structural feature, however, that will
separate the two classes. Downs in both locations are supphed with feather muscles, though these are fewer and
more randomly arranged than those of the contour feathers. Granting that the plumules differ in location,
there is no evidence to show w^hich type is true. If names
3 Parkes, K. C. and Clark, G. A., Jr. Personal communication.

for them are needed, it seems best to base them on location,
and hence to speak of tract down feathers and apterium
down feathers.
Tract downs are usually situated with a regular relationship to the contour feathers in spite of their apparent randomness. Their number and location vary in different parts
of the body and certainly differ among birds (Gerber, 1939:
figs. 21, 22, 37). There may be one to four downs near each
contour feather. These may be situated close beside the
contour feathers, in fine with and between them, or in the
middle of the space enclosed by four feathers, forming a
quincunx. If there are only one or two downs with each
contour feather and they are not in line with it, they are
usually posterior to it. Some of these variations in owls were
described by Pycraft (1898:233). Observing the basic regularity in the arrangement of feathers, Gerber (1939) formulated the concept of the feather complex as the basic unit
of pterylosis growth. Each complex is a portion of skin that
contains anlagen (primordia) for one contour feather, one
or more filoplumes, and a variable number of plumules.
Gerber (p. 318) stated that the plumules were largely independent of the pattern set by the contour feathers, but
firsthand observations and his own drawings refute this, at
least in some birds.
The basic structure of plumulaceous barbules and plumules
has already been described (pp. 242 and 264). The following discussion deals with certain details. Definitive down
feathers always have a true calamus (fig. 176), and in
this respect they are less diverse than natal downs. The
rachis, on the other hand, varies among species, though not
according to any discernible phylogenetic or functional
plan. In some birds the rachis is exceedingly short and
sharply tapered, hardly more than a fusion of the basal
ends of barbs. In many birds the rachis is somewhat longer
and more gradually tapered. In other birds it approaches
the length of the longest barb, with the result that these
down feathers grade into semiplumes. Examples of all
these conditions of the rachis can be found in both tract
downs and apterium downs.
Afterfeathers are common on plumules in those birds
where they are present on the contour feathers (Chandler,
1916:257). Both plumules and contour feathers possess a
distinct hyporachis in such birds as herons, skimmers,
sandpipers, and grouse and some other gallinaceous species.
Similarly, they both have an afterfeather of umbilical barbs
in ducks and owls. In numerous birds, however, the contour
feathers and the downs differ in the nature of their afterfeathers, as shown in table 13. These examples show that
the growth of the afterfeather is at least sometimes controlled by different factors in the follicles for the two kinds
of feathers. This capability for independent development
within an individual supports the idea that afterfeathers
have independently evolved several times among the orders
of birds (p. 255). The character of the afterfeather does not
seem to clarify the difference between tract downs and
apterium downs. Examples of both can be found either with
or without an afterfeather. The presence of a hyporachis on
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Plumulaceous barbule

Ramus (barbules
not shown)

Afterfeathcr
Rachis
Hyporachis
Remnant
of sheath
Internal
pulp cap
Calamus

1.0 mm.

1.0 mm.

FIGURE

176.—Adult down of a Single Comb White Leghorn Chicken. Only one barb is shown with barbules. The inset shows
the junction of barbs with the rachis and hyporachis at a higher magnification.

apterium downs and contour feathers, as in a chicken, may
be interpreted as showing that the down is simply a degenerate contour feather. The same reasoning applied to the
tract downs of a duck, however, argues against their being a
distinct category of feather with its own phylogeny.
The barbs of a definitive plumule resemble those at the
base of a contour feather, but they tend to be longer. The
rami are flexible, laterally compressed filaments, much
narrower than those of pennaceous barbs, and without a
ventral ridge on the distal side. In most birds they appear

TABLE

13.—Examples of disparity in afterfeather between
contour feather and plumule
Birds

Contour feather

to be solidly composed of cortex, but in goatsuckers they
have a medulla of pith. The barbules of a plumule are structurally like those in the downy portion of a contour feather
from the same species, though they tend to be longer and
more closely spaced. Where the plumulaceous barbules on a
contour feather differ between the main vanes and the
aftervanes, as in gallinaceous birds, the barbules of the
down feathers match those on the aftervanes. Variation
among barbules from different parts of a feather is much
less in down feathers than in contour feathers. The width of
the base tends to diminish among barbules from the shaft to
the tip of a plumulaceous barb, as exemplified by the plumules
of ducks, phalaropes, skimmers, and goatsuckers. The
median zone of such feathers hence is not as fluffy as the
rest.

Plumule

Oil Gland Feathers
Murres, jaegers
Shearwaters,
albatrosses, turacos.
Cormorants
Goatsuckers

Hyporachis
do

Umbilical barbs.
No afterfeather.

No afterfeather
Umbilical barbs

Umbilical barbs.
Hyporachis and umbilical barbs.

Most birds possess a bilobed sebaceous organ, the oil
gland, on the dorsal surface of the external tail. The walls
of each lobe secrete an oily substance into a lumen, from
which one or more ducts carry it to the outside. The part
of the gland containing the ducts is the papilla (nipple), a
protuberance that is cylindrical, conical, or low and rounded
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in various birds. The anatomy and histology of the oil
gland are described in detail in chapter 9. We are interested
here in special feathers associated with it.
The skin covering the lobes of the gland may be either
bare, as in pigeons, or feathered to some degree, as in ducks
and chickens. These feathers are plumules, semiplumes, or
contour feathers in various species, but they are generally
ordinary in structure. Their presence or absence in many
birds was reported by Nitzsch (1867).
Although the papilla also may be bare, again as in pigeons,
it more commonly has a cluster of feathers at or near its
tip (fig. 388, p. 614). This was named the oil gland circlet
by Nitzsch (1867) but oil gland tuft (Chandler, 1914) is
preferred. In some birds, such as chickens and ducks, the
feathers are not arranged in a circle. They are usually
soaked with oil and hence stuck together so that the tuft
resembles a small paint brush. Referring to its appearance
and function, Schumacher (1919:293) called it the Bürzeldocht (translation: uropygial wick).
The feathers that comprise the tuft have been spoken of
individually as tufts, but while this is understandable, it is
likely to create confusion. They can be called oil gland feathers, following Chandler (1914, 1916). The nature and arrangement of these feathers in many birds were reported by
Paris (1913) in his monograph on the oil gland. There are
commonly 8 to 30 feathers, though there are many more in
certain ducks and other aquatic birds. The feathers are often
arranged in a single circle or oval around the orifices of the
ducts. They may be confined to a pair of semicircular rows
at the sides of the tip of the nipple, as in herons. On the
other hand, there may be additional feathers inside the
circle, between the orifices, as in some pheasants and grouse.
This tendency is carried further in ducks and flamingos,
where there is a circlet of feathers around each opening.
The degree of contact between the clusters and the number
of feathers between them differ among species. In addition,
the number of feathers per circlet has been reported as
varying from 34 to 27 in three specimens of Mallard (Humphrey and Clark, 1961: 384). The orifices are close together
in chickens, so that the clusters around them meet (fig.
389, B, p. 615).
Oik gland feathers, more than others, must be cleaned
before their structure can be studied. A brief soaking in a
solvent such as ether is usually all that is needed to remove
the oil. The feathers are then revealed to be modified plumules
(down feathers). They differ in various ways from typical
plumules, but do not seem to show any distinctive feature
of structure that is general among birds. Most of their
differences represent reduction of the condition in typical
plumules. The oil gland feathers are shorter than body
downs, as shown by the following examples of single, representative feathers (table 14). This difference in size is entirely
due to the length of the barbs. The calamus of oil gland
feathers is longer than that of body downs of the same or
even greater size (table 14). It is completely embedded in
the skin, however, with the result that the barbs appear to
emerge right from the surface.

TABLE

U.—Length

of body down feathers and oil gland
feathers of three domestic birds
Body down

Oil gland feather

Bird
Total
length

Single Comb White
Leghorn Chicken.
White PekinDlick... .
Common Cotiirnix....

Length of
calamus

Total
length

Length of
calamus

Millimeters Millimeters Millimeters Millimeters
35
1.9
10
2.8
35
9

1.0
.4

24
3.5

2.1
.5

The rachis is the most difficult part of an oil gland feather
to characterize. In some species it varies even among feathers
from the same individual. Some of the supposed interspecific
differences in feather structure (not the feathering of the
gland) may be nothing more than individual variations. A
distinct rachis has been found in oil gland feathers of Single
Comb White Leghorn Chickens and White Pekin Ducks,
though it is variable in both. It is moderately well developed
in auks but is extremely short in the Gannet (Morus bassanus) and at least certain herons, hawks, grouse, sandpipers,
and kingfishers. A rachis has not been found in the oil gland
feathers of petrels, Mallards and certain other ducks, coturnix, or certain parrots. Examination of more feathers
from these birds might reveal it, at least as a tiny projection
from the rim of the superior umbilicus,
A h3^porachis is present on some oil gland feathers of
chickens and kingfishers, but it has not been found in any
of the other birds mentioned. The plumules of grouse and
sandpipers have a distinct aftershaft.
Barbs arise from the rachis and hyporachis in oil gland
feathers where these are present. In many of these feathers,
however, most or all the barbs arise directly from the upper
rim of the calamus. They may be either separate or fused
in small clusters at the base. The rachis is sometimes hardly
more than a fusion of barbs. It is the attachment of the
barbs to the calamus instead of to a distinct rachis that is
partly responsible for the tufted appearance of these feathers.
This situation exists in many natal downs, but in fully grown
birds it seems to be common only on the oil gland feathers.
A related characteristic of the barbs is that those which
attach to the rim of the calamus or to a very small rachis
are equal in length. For this reason, they radiate from the
base in a dry feather and bunch together, producing a
truncate tip, when they bear oil.
The barbules are generally plumulaceous, but are shorter
and simpler than those on typical downs (fig. 171, C). Even
when dry, oil gland feathers are not as fluffy as other down
feathers. The nodes are less prominent, being marked by
smaller prongs or none, or by difference in pigmentation
from the internode. The barbules show little or no variation
along the pennulum, and they lack the distinctive features
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of typical plumulaceous barbules. In some birds the barbules
are so reduced as to be of the stylet type.
A bird when preening frequently anoints its bill with oil
by rubbing or stroking it on the papilla. It may nibble the
gland, apparently to squeeze out the secretion. The oil
gland tuft aids in transferring the oil to the bill (Schumacher,
1919). This would seem to be particularly true in those
species either where the size or shape of the beak make it
ill suited for receiving the oil directly from the papilla or
where the uropygial eminence is so low that the bird can
hardly nibble the gland. The process by w^hich the oil gets
into the tuft is not known, but it probably involves pressure
due to secreting by the glandular cells, action of muscles in
the papilla and capillary action in the feathers.
The oil gland and its feathering have been used as taxonomic characters, but they have proved unsatisfactory for
many groups. ^^The feathering of the gland is constant in
its nature throughout some families, but in others there
are considerable differences between species'' (Thomson,
1964:552). The tuft is well developed in most gallinaceous
birds, but very tiny or absent in curassows and megapodes.
It seems to have at least some taxonomic significance within
the latter family.^

Powder Down
The feathers of many birds are dusted with a very fine
substance that resembles talcum powder. Small amounts of
this powder are shed by ordinary plumules and contour
feathers. It is chiefly produced, however, by special feathers,
the powder downs (flake-feathers, pulviplumes; German:
Puder-dunen, Staub-dunen). These feathers are, in fact,
best characterized by their powder because they differ in
structure among birds.
The powder downs are commonly dispersed over the body,
among the ordinary downs and contour feathers. They are
probably not ^'diffused at random, but subject to a plan,
or found within guiding lines, as are the other feathers"
(Murie, 1872:474). Certain birds show a more advanced
pattern of distribution in which some of the powder downs
are clustered in specific areas known as powder down patches;
other powder downs are mingled with the contour feathers
around the boundaries of the patches and elsewhere on the
body. Names for these patches were proposed by Murie
(1872) in his description of them in the Kagu (Rhynochetos
juhatus). He compared his terminology with that of Nitzsch
(1867) in an additional note (1871, sic).
The most highly evolved pattern of distribution is that
in which the powder downs occur only in distinct patches.
In such birds as herons, they form large, dense clumps that
contrast in texture and color with the surrounding contour
feathers. These powder downs are packed so closely that
adjacent folhcles often touch each other. Schüz (1927:128)
counted at least 120 powder down bases, each about 0.3
4 Clark, G. A,, Jr. Written communication.
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mm. in diameter, on 1 square centimeter of the Gray
Heron {Ardea cinérea).
Pigeons are the only domestic birds to have powder
downs; these are described in chapter 6. Schüz (1927:105)
reported that in chickens he found a small amount of a
substance homologous with powder in the downy portion
of contour feathers. We have not found anything there,
however, except fragments of the feather sheath and the
external feather caps.
The powder is composed entirely of keratin, but its chemistry has apparently not been studied with modern techniques. The particles are granular, rod-shaped, or splintershaped, and are about 1 micron in diameter. Powder feathers
are variously colored in different birds but the powder
itself is always colorless (Schüz, 1927:199). The effect of
powder on the color of feathers is discussed on page 411.
The source of the powder was long a subject of conjecture. Nitzsch imagined it to be ^'the dry residue of the fluid
from which this feather is formed" (Nitzsch, 1867:37).
Bartlett (1861:132) suggested that powder was secreted b}^
the root of the feather, or that it might result from the
disintegration of the barbs. Burmeister suggested that it
might '^be produced by the crumbling of the membrane
[sheath] which intervenes between the feather and the matrix
and which is dried and thrown off in proportion as the latter
becomes enlarged'' (Nitzsch, 1867:37). Schüz (1927) and
Eiselen (1939) discovered that the powder is actually derived
from cells on the surface and in the middle of each of the
many ridges of barb-forming tissue within a feather germ.
These cells are not normally incorporated in the barbs but
are lost. The histology and growth of powder feathers are
described in chapter 7, page 386.
The amount of powder produced by a feather appears to
be correlated with the texture of the vanes. Firm, pennaceous
texture calls for well-developed barbs, hence very little
germinal tissue is used for powder. Lax and downy textures,
on the other hand, do not depend on elaborate barbules or
a strong rachis; these parts can be reduced, leaving more
germinal material for powder. Contour feathers produce
powder, but it is in certain down feathers that the greatest
powder production is achieved (Schüz, 1927).
The powder downs of pigeons shed small to moderate
amounts of powder, but do not show any lessening in the
differentiation of their barbules. They are replaced more
frequently than the contour feathers, and thus the total
supply of powder is kept nearly continuous. In hawks,
parrots, and woodswallows (family Artamidae), the barbules
on the powder downs are not fully differentiated. These
feathers grow more slowly than normal, another way of
maintaining the powder supply.
Highly modified powder downs occur in herons,
bitterns, tinamous, mesites (Forbes, 1882), cuckoo-rollers
{Leptosomus discolor. Nitzsch, 1867), and possibly kagus
{Rhynochetos jubatus, Schüz, 1927). In these heavily powdering feathers, the afterfeather and even the rachis are absent,
the rami are vestigial, and the barbules are imperfectly
formed or absent. Growth is said to be continuous (Schüz,
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1927:192). A calamus and a sheath form constantly at the
periphery of the barb ridges and spHt into strips as they
emerge from the folHcle. The strips divide further into
filamentous degenerate barbules; although they may fuse
again for a short distance, the feather is reduced at its tip
to a tuft of barbules clogged with powder.
The powder has long been regarded as a waterproof dressing for the feathers, owing to its nonwettable property.
Additional, though circumstantial, evidence for this view
has been seen in the fact that birds with well-developed
patches of powder down have oil glands that are much
reduced. Bartlett thus surmised that the powder renders
'-the feathers impervious to water in the same way that the
oil-glands effect this in other birds" (1861:132). Herons
have been observed, when preening, to nibble the powder
downs and then run the bill through the contour feathers
(Dewar, 1909; Hindwood, 1933:101).
The similarity in function between the powder downs
and the oil gland led Wetmore to suggest (1920:169) that
the gland might have evolved through the amalgamation of

separate feathers. The glandular tubules and their secretion
differ, however, from the feathers and their powder. Accordingly^ this hypothesis has not been accepted.
The nature and distribution of powder dow^ns were used
during the last century in studies to determine the taxonomic position of several birds. It soon became evident
that these characters were limited in their usefulness. Gadow
pointed out that:
Püderdiinnen komnien bei sehr vielen Vögeln vor, die gar nicht
mit einander verwandt sind, auch finden sie sich durchaus nicht
immer bei allen IMitgliedern derselben Familie. Ihr Vorkommen
und ihre Anordnung kann daher jun- von sehr geringem taxonomischem Werthe sein soweit grössere Vogelgruppen in Betracht
kommen; anderseits sind sie bisweilen für die Zugehörigkeit von
Arten, Gattungen und selbst Unterfamilien als Fingerzeig 7A\
benutzen (Gadow and Selenka, 1891:532).5

A corollary conclusion is that powder feathers evolved
independently in several groups of birds, starting from
typical contour feathers, semiplumes, or plumules but
modifying in different w^ays.

BRISTLES
Avian bristles are feathers that are generally characterized
by a stiff, tapered rachis and the absence of barbs except at
the proximal end. They are sometimes confused with filoplumes, but the latter do not have a tapered rachis and
have barbs only at the tip when fully grown.

Distribution
Virtually all bristles in birds are found on the head. The
Bristle-thighed Curlew {Numenius tahitiensis) is exceptional
in having bristles on the thighs (Coues, 1903: fig. 593).
Bristles or stiff, coarse contour feathers, wherever they
occur, take the place of the usual contour feathers. They
usually grade into the surrounding feathers in pterylosis as
well as structure. This is further evidence that bristles are
not related to filoplumes, as suggested by Pycraft (1910:10).
Bristles on the head can be named according to their location, but such distinctions do not mean anything about
their structure.
The bristles from several locations on a bird's head may
be very similar in structure (fig. 177, C, D, D'). Conversely,
feathers from the same site in various birds may be very
different. The bristles on the lores of the hawk are entirely
unlike the so-called bristles on the lores of a chicken. Feathers
should be called bristles only if they have the characteristic
features, not on the basis of location.

FIGURE
A,
B,
C,
D,

Narial bristles are found on the cere of certain hawks
(e.g., Buteo spp.) and parrots {A?nazona spp.), and behind
the nostril in owls, barbets (Family Capitonidae), and
waxwings (Family Bombycillidae). They may be continuous
posteriorly with bristles on the rictus or the lores. Rictal
bristles arise along the dorsal (maxillary) portion of the
rictus, and, in a few birds, on the ventral side also. These
are the most common bristles, for they occur on nightjars and
their allies, tyrant flycatchers, thrushes, sparrows, and many
other birds (fig. 177, C, E, G).
Bristles that are widespread on the sides of the head, as in
turkeys (fig. 217, p. 324) and certain hawks (Circus spp.),
generally can be called facial bristles. Names for specific
groups of these bristles have been suggested by Chandler
(1914). Loral bristles are found between the eye and the beak
(i.e., on the lores) of many hawks, Old World vultures, and
owls. They radiate from the eye in owls and from a point a
short distance in front of the eye in the Marsh Hawk (Circus
5 Translation: Powder-downs occur in very many birds that are
not at all related to each other; also, they are not always found in all
members of the same family. Their occurrence and arrangement can
therefore be of only very limited taxonomic value in considering the
larger groups of birds. On the other hand, they may sometimes be
used as an indication of common membership in species, genera, and
even subfamilies.

177.—Examples of semibristle and bristles:

Great Horned Owl (Buho virginianus)—loral semibristle.
Robin (Turdus migraiorius)—malar bristle.
Common Starling (Sturnus vulgaris)—ricial bristle.
D', Common Starling—eyelash (upper eyelid bristle).

E, Robin—rictal bristle.
F, Red-tailed Hawk (Buteo jamaicensis)—eyehsh (upper eyelid
bristle).
G, Nightjar (Caprimulgus longirostris)—rictal bristle.

BRISTLES

271

Rachis

Pennaceous
barbules

uced
umulaceous
barbules

Rachi

_ I

Superior umbilicus—^

Pith

Stylet barbules

Remnant
of sheath

Internal
pulp cap

External
pulp caps
Umbilical barb

D
0.2 mm.

/
D

L

272

CHAPTER 5-STRUCTURE OF FEATHERS

cyaneus). The loral bristles make up the anterior portion of
the facial disk, which is conspicuous in these birds. They have
been called vibrissae and tactile feathers (German: Tastfedern) in reference to their function, and sinus feathers
(Germany : Sinusfedern) in reference to their location (Küster,
1905). Supraorbital bristles sometimes occur between the
crown feathers and the eye, and postorbital bristles occur be-hind the eye, between the crown feathers and the ear coverts.
Suborbital bristles are found on the lower eyehd or the
maxillary malar region in the Robin (fig. 177, B) and probably
other passerine species.

Structure and Color
The upper and lower eyeHds of various birds bear bristles
or coarse contour feathers instead of the customary small
contour feathers. These are termed eyelashes, though tiny
bristles may instead be called cilia. More common are conspicuous bristles that project stiffly outward from a background of bare, often brightly colored skin. Such eyelashes
occur in the Ostrich (Struthio camelus), certain hawks (e.g,^
Circus spp., Buteo spp.), turkeys, certain cuckoos (e.g.,
Crotophaga^pp.^ Geococcyx spp.), and several other kinds of
birds.
The bristles of the Crowned Crane {Baleárica pavonina)
are as much as 105 mm. long, but those of other birds are
considerably shorter. The rictal bristles of the Whip-poor-will
{Caprimulgus vociferus) are up to 41 mm. long (see closely
related species, fig. 177, (?) and the narial bristles of the Great
Horned Owl are about 27 mm. long. Various bristles on a
Red-tailed Hawk measure as much as 14 mm. In parrots and
passerines, the bristles are mostly 2 to 8 mm. long, with the
longest ones on the rictus.
The calamus commonly accounts for 5 to 10 percent of
the total length of a bristle; in the Whip-poor-will it is nearly
6 mm. long. In some bristles, the calamus cannot be measured
precisely because it simply opens out at its upper end and
there is no distinct superior umbihcus. With this exception,
the calamus of a bristle is conventional in structure. It contains several pulp caps even in specimens where it is less
than 1mm. long.
The rachis of a typical bristle is as wide as the calamus
at its base and is then tapered distally to a fine point. It
differs from that of a filoplume, which is narrowest at the
proximal end and thickest near the tip (p. 274), A bristle
tends to be stiffer than a filoplume, but this property has not
been measured. The rachis often appears to be simply a
prolongation of the calamus on one side, not a thick column
that begins inside the tube, as in most feathers. Some bristles,
such as those of a large hawk, contain a small amount of
pith in the proximal portion. Shorter bristles are composed
entirely of cortex.
Most bristles either lack an afterfeather entirely or have a
tuft of umbiHcal barbs (fig. 177, 2), D', F). There is a suggestion of a hyporachis in the bristles of a Red-tailed Hawk,
where the rim of the calamus, bearing barbs, is slightly

protruded on the side opposite the rachis. If present, umbilical
barbs usually number from 2 to 14, and may form so dense a
cluster as to shield a few external feather caps. The bristles
on the head of the turkey are remarkable because many of
them do have a distinct aftershaft. It is finer than the shaft,
but nearly equal to it in length. Barbs are present on the
shaft and aftershaft as well as around the superior umbilicus.
These bristles are described more fully on pages 323-326,
and are shown in figure 217, page 324.
Structurally, the simplest of all feathers are those bristles
that consist of a bare shaft. Examples are the rictal bristles
of the Band-winged Nightjar (Caprimulgus longirostris,
fig. 177, (?) and the eyelashes of anis (Crotophaga spp,) and the
Roadrunner (<7eoccoc|/a: californianus). Most bristles, however, have at least a few barbs on the proximal portion of the
rachis (fig, 177, B, C, E) or around the superior umbilicus
(fig. 177, D, F). Bristles on the rictus and upper eyelid tend
to have fewer barbs than those elsewhere. According to
Chandler (1914:360), there appears to be a correlation in
many birds between the lack of barbs in eyelashes and the
lack of aftershafts on other types of feathers. The barbs form
flat vanes or a round cluster, depending on their length and
place of origin. Some bristles have short barbs that result
from the breaking off of the very fine distal portion of long
ones. The rami of bristles are generally small, simplified
versions of those on contour feathers. In the supraorbital
bristles of the Marsh Hawk and the rictal bristles of the
Common Starling (fig. 177, C), the tips of the barbs appear
thick and coarse because the barbules lie closely against the
ramus.
The barbules on bristles are most commonly of the stylet
type, but plumulaceous and pennaceous ones also occur.
Their size and character tend to match the development of
the rami, so that reduced barbules tend to be present on
short, fine rami. Exceptions, however, are provided by the
loral bristles of owls, which have short, stylet barbules on
long rami, and by the rictal bristles of thrushes and starlings
(fig. 177, C, E), which have plumulaceous barbules on short
rami. These plumulaceous barbules resemble those on down
feathers of the same birds except that they lack basal prongs.
As in contour feathers and down, bristles may have barbules
on the rachis as well as on the rami. The barbules are larger
on the bases of the barbs than on the rachis, but they diminish
and even vanish before reaching the tips of the barbs.
Color is of little value in characterizing most types of
feathers because they exist in such a large range of colors.
It is remarkable, therefore, to find that in nearly all bristles
the distal portion of the rachis is very dark brown or even
black. The barbs and the proximal portion of the rachis may
also be so colored, but the calamus is always unpigmented.
As might be expected, the bristles are entirely dark (except for
the calamus) in birds where the adjacent plumage is black
or^ purple, as in the narial bristles of waxwings, the rictal
bristles of a Common Stariing, andthe eyelashes of anis.
Similarly pigmented bristles also occur where the plumage
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is variegated brown, as in. the rictal bristles of nightjars and
sparrows, or where they stand out against bare skin, as in
the eyelashes of the Roadrunner and the various bristles on
the head of the turkey. The more usual color pattern, in which
the distal portion of the rachis is very dark and the rest of the
feather is pale, is exempUfied by the various facial bristles of
hawks and owls.
Dark color is so characteristic of bristles that it is probably
more than a matter of visual effect—either blending with the
adjacent plumage or contrasting against the skin. In contour
feathers, pigmentation is often heaviest in places that are
most subject to mechanical stress (Spottel, 1914:424).
Deposits of melanin are believed to increase the firmness and
reduce the elasticity of the keratin. The black spots on the
tips of the distal primary remiges of gulls are more resistant to
wear than the white or gray parts of the vanes around them
(Averill, 1923:57; Van Tyne and Berger, 1959:101). Likewise, the pale tips of otherwise dark body feathers are worn
off, as in Bobolinks (p. 418). These examples strongly suggest
that melanin likewise enhances the stiffness and hardness of
bristles. The portions of a bristle that either are flexible or are
subjected to little wear are lightly pigmented.

Semibristles
All these features of structure and pigmentation make
typical bristles easy to distinguish from contour feathers.
.Chandler (1914:359), however, pointed out intermediate
forms that exemplify stages in the reduction of contour
feathers to bristles. These have been called bristle feathers
(German :Borstenfedern. Frieling, 1936:38), but this term
is inappropriate because typical bristles, too, are feathers. Just
as semiplume is used for the feathers that grade between
contour feathers and plumules, so we suggest the term
*'semibristle'' for feathers of intermediate structure between
contour feathers and bristles. An example of a semibristle
is shown in figure 177, A,
A graded series of specimens from contour feathers to
bristles shows increasing prominence of the rachis and concentration of barbs and barbules at the base. These effects
result from one or more of the following changes: (1) lengthening of the rachis; (2) shortening and loss of distal barbs so
that rachis extends beyond them; (3) wider spacing of the
distal barbs; (4) simplification of barbules from pennaceous
or plumulaceous types to stylet type; (5) reduction and loss of
barbules, starting at tips of barbs; (6) thickening of lower
end of rachis; and (7) darkening, by deposition of melanin,
of rachis and barbs, at least in their distal portions. The
afterfeather is usually reduced to an umbihcal tuft or lost,
but a large, bare hyporachis is retained in many turkey
bristles.
It is necessary to be somewhat arbitrary in setting the
criteria that dehmit semibristles on a continuum between
contour feathers and bristles. This seems to be justified by
the usefulness of recognizing an intermediate category. Also,
the concepts of contour feather and bristle can be kept more

distinct than if they are distinguished directly from each
other. Semibristles can be characterized as feathers in which
the rachis is conspicuous, the distal barbs are far apart, and
barbules are very reduced or absent on most of the barbs.
The rachis may be free of barbs distally, but it is only slightly
stouter here than the barbs, if at all, and does not extend
beyond them. The distal parts of the rachis and barbs tend to
be darker than the proximal parts. The nature of the barbs
and barbules distinguishes semibristles from contour feathers,
while the nature of the rachis distinguishes them from bristles.
Semibristles are probably always to be found on birds that
have typical bristles. They may also exist in birds without
bristles, that is, where the extreme condition is not reached.
Examples of them can be seen covering the nostril of crows,
along the rictus of nightjars and sparrows, on the lores
(fig. 177, A), the eyelids, and the anterior portion of the
interramal tract of some owls (e.g.. Buho spp.), on the upper
eyelids of crows and some cuckoos (e.g., Coccyzus spp.),
behind the eye in hawks, and on the back of the head and
upper neck in turkeys.

Function
The functions performed by bristles and semibristles have
had little critical study and must be regarded as somewhat
conjectural. They are deduced from the structure and location
of these feathers and, in certain cases, from the histology of
the supporting skin. Narial bristles appear to keep foreign
bodies out of the nostrils, just as the ear coverts protect the
external auditory meatus. Probably the same function is held
by other narial feathers—the tiny, rounded contour feathers
of grouse and ptarmigan, and the coarse, narrow semibristles
and contour feathers of crows.
Rictal bristles have been thought to form a sort of net
that aids birds in catching insects in flight (Mayaud, 1950:
34). While they might have this function in nightjars and
both families of flycatchers, they certainly do not do so in
kiwis and barbets. These bristles, like those on the lores, are
undoubtedly tactile structures, analogous to the whiskers of
cats. Küster (1905) showed that the folUcles of the bristles
are surrounded by numerous avian lamellar (hitherto known
as Herbst) corpuscles—sensory receptors for pressure and
vibration (Schildmacher, 1931). Accordingly, the bristles
probably serve to sense prey or obstacles, particularly in
crepuscular or nocturnal birds, or those that nest in cavities.
Chandler (1914:361) suggested that the loral bristles of
haw4is (and other raptors) were modified to cover the region
without becoming w^orn and soiled, as would conventional
feathers.
Bristles on the eyehds and elsewhere on the head probably
also have a tactile function, especially in owls. If they are
sparse, they allow the skin to show through, creating a visual
effect that may be important in birds with brightly colored
skin. Large, stiff eyelashes may keep foreign particles out of
the eye; such a use is suggested by their occurrence in many
species of terrestrial or arboreal habitat.
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FILOPLUMES
After a bird has been plucked, hairlike feathers known as
filoplumes can be seen. A fully grown filoplume consists of a
very fine shaft with a tuft of short barbs or barbules at its tip
(fig. 178, C). It differs from a bristle in the nature of the shaft
and the presence of an apical tuft. Filoplumes do not resemble
any other types of feathers.
The arrangement of filoplumes in birds of many species
was investigated by Fehringer (1912). Their structure,
development, and function were studied by Pfeffer (1952).
Our own observations generally confirm and amplify the
findings of these authors.

Distribution
Filoplumes have been found in birds of all orders except
ostriches, emus, and cassowaries. They are said to be absent
in pelicans, anhingas, and tropic-birds (Chandler, 1916:260),
but they are present in cormorants, which belong to the
same order. Although generally hidden beneath the contour
feathers, filoplumes are long and exposed on the neck and
upper back of cormorants (alternate plumage), bulbuls, and
certain thrushes.
Filoplumes are distributed on all the feather tracts, even
those on the head, where they are minute (fig. 209, p. 314).
They are always situated beside other feathers, never by
themselves, and hence are absent from bare apteria. Filoplumes generally accompany contour feathers and semiplumes ; they do not accompany tract downs, as in ducks but
we have found them with apterium downs in chickens. Noting

the regular association between contour feathers and filoplumes, Gerber (1939) designated filoplumes as the third
component of his feather complex.
The number, size, and placement of filoplumes beside
larger feathers vary among species and among tracts of a
given bird. Fehringer (1912) concluded that filoplumes are
usually uniform in tracts where contour feathers are relatively
uniform in size. They tend to be larger and more numerous
in portions of a tract where the contour feathers are larger.
Borodulina (1966) noted, however, that the size of filoplumes
seems to be related more to the action than to the size of the
contour feathers. In the birds she studied, she found that
filoplumes were always numerous and larger in places where
the contour feathers performed the most mechanical action
and had the greatest mobility.
There are usually one or two filoplumes with each body
contour feather, semiplume, or apterium down. There are
five to eight in certain hawks (e.g.. Marsh Hawk {Circus
cyaneus). Chandler, 1914:335), and Fehringer (1912) reported finding as many as 10, though he did not specify the
source. Filoplumes are most numerous around the remiges
and rectrices, where there may be eight per quill in chickens
and pigeons, and 12 in hawks. On all tracts we have found
that some of the contour feathers are not accompanied by
filoplumes. These gaps do not seem to fall into any pattern;
they are probably places where the filoplumes have been shed
but not replaced.
Filoplumes grow from their own follicles, although these

Apical barbs (permanent)
Basal barb (deciduous) —
Rachis

Superior umbilicus

Internal pulp cap

Proximal portion
in sheath

FIGURE

178.—Stages in the development of a filoplume:

A, midimmature; partially emerged from sheath.
B, late immature; completely emerged from sheath, basal barbs still
present.

Calamus

C, mature; basal barbs lost.
C, proximal portion of shaft at higher magnification.

FILOPLUMES
are often exceedingly close to that of the host feather—less
than 0.5 mm. apart in chickens, for example. Single or paired
filoplumes are situated at the sides of a contour feather though
they may be slightly anterior or posterior to it. Their position
is keyed to the orientation of the contour feather. Fehringer
(1912:246) reached the following general conclusions about
the location of filoplumes: (1) If a contour feather is situated
near the middle of a tract and is directed posteriorly, it has
filoplumes on both sides. (2) If a contour feather is situated
near the sides of a tract and is directed outward (from the
midline), its filoplumes are on the medial side. (3) If a contour feather is situated near the sides of a tract and is directed
inward, its filoplumes are on the lateral side. The several
filoplumes with each remex or rectrix may be evenly spaced
around it, unevenly spaced (fig. 210, p. 315), or crowded
together on one side. Those around the body feathers of
hawks are often disposed in two groups. Rarely, in both
chickens and hawks, we have found two filoplumes issuing
from the same follicle.
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Structure
The length of filoplumes ranges from 1 mm. to the full
length of their host feathers (Pfeffer, 1952:70). The longest
filoplumes we have seen, measuring at least 60 mm., are
those of the Great Blue Heron (Ardea herodias), Blue Peafowl
(Pavo cristatus) and Great Homed Owl (Bubo virginianus)
all of these long filoplumes are situated beside flight feathers.
In comparison, the longest filoplumes of chickens, about
50 mm. long, are relatively large (see p. 315 for details).
The shaft arises as a calamus that is less than 2 mm. long
sometimes less than 0.5 mm. (fig. 178, C). This part was overlooked by Pycraft (1898:258) and Chandler (1916:261) although it had been seen by Nitzsch (1867:14) and Newton
and Gadow (1893-96:242). The diameter of the calamus is
slightly more than that of the rachis, and unlike that of other
feathers, is greatest at the lower end. The lumen is conical,
and is partitioned by as many as 10 pulp caps.
The rachis is more solidly composed of cortex in filoplumes
than in other feathers. Long pith cells are irregularly spaced
in it, though mostly at the proximal end. Reflection of light
from these air-filled cells gives filoplumes their characteristic
glistening appearance. Cross sections of the rachis are either
circular or ovoid, indicating that the filament is either terete
or slightly compressed and tapered at one end. Our study of
growing filoplumes reveals that flattening takes place on the
sides, if at all. The maximum diameter of a filoplume rachis
is about 84 microns in a chicken, 64 microns in a White
Pekin Duck, and 40 microns in a Robin. A unique feature
of the rachis is that it is thickest near the distal end. It
tapers very gradually from here toward the proximal end
until just above the calamus, where it tapers a little more
sharply (fig. 211, p. 316). The diameter at the base may be
only one-third of that at the tip. Filoplumes that have broken
at this zone of weakness are probably the basis for statements
about the absence of a calamus. Owing to its shape and composition, a filoplume is stiffer than the ramus of a downy

Calamus

FIGURE

179.- -Late immature filoplume of a Single Comb
White Leghorn Chicken.

barb with approximately the same thickness. It bends downward a little near the tip, just like a contour feather (Pfeffer,
1952:70).
While it is growing, a filoplume has a cluster of long, downy
barbs at the base (figs. 178, A and B; 179; 245, p. 389; 246),
but it loses them by the time it is fully grown (figs. 178, C;
and 247, p. 390). These basal barbs resemble umbilical barbs
of other feathers in their location and structure. Accordingly,
we suggest that the basal barbs of a filoplume represent a
temporary afterfeather. Regardless of whether or not this
interpretation is correct, a fully grown filoplume lacks an
afterfeather. Details on the growth and loss of the basal
barbs are in chapter 7, pages 388-391.
A typical fully grown filoplume has barbs only at the tip—■
one to six on each side. These are short, simplified versions of
downy barbs in which the barbules resemble those in the
margins and the tip of a down feather. They are much shorter
and stiffer than fully characterized downy barbules. The base
is usually not straplike, but is a thick, tapered piece that
grades into the pennulum. Outgrowths of all types are very
small or absent. The filoplume barbules of a Robin and a
Raven (Corvus corax), for example, lack the characteristic
basal prongs of passerine downy barbules. Here, as in hawks,
owls, and gallinaceous birds, the nodes are faint and the
nodal prongs, if any, are very short. The filoplume barbules
of ducks, geese, and swans have pointed nodal prongs as
found at the proximal end of downy barbules, not the characteristic large, triangular prongs found at the tip.
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Occasionally in chickens we have found filoplumes with a
few barbs at irregular intervals along the shaft (fig. 212, p.
316). The filoplumes on the neck of the Great Cormorant
{Phalacrocorax carbo) in alternate plumage are unusual in that
they have short barbs widely spaced along the entire rachis.
It is fairly common to find tiny barbules directly on the
rachis, sometimes to the exclusion of barbs. Examples of these
and other variations are described by Pfeffer (1952).

Function
Filoplumes have been considered degenerate structures
because their structure is simple and they have not been
known to have any function. The fact that they occur in
most birds, including the passerines—the most recently
evolved—and their relative uniformity of structure suggest
that they do indeed have a function. Gerber (1939:276)
suggested that filoplumes serve temporarily for thermal insulation, but Pfeffer (1952:94) pointed out that they are
totally inadequate for this. Conspicuous filoplumes contribute to the appearance of the feathering, as in some
cormorants and bulbuls.
Typical filoplumes, however, seem to have a general and
more important function related to feather posture. Contour feathers are often moved by external forces such as air
currents; all kinds of feathers except filoplumes are constantly being adjusted by their feather muscles (ch. 8). These
movements undoubtedly create vibration or pressure in the
follicles, effects that can be sensed by the nearby avian
lamellar (Herbst) eorpuscles (ch. 7, p. 362). It is not known
if they are also detected by the free nerve endings in the
folHcle wall If a disturbance is slight, or if it affects only the
downy portion of the vanes, it probably will not be sensed
directly. As Pfeffer (1952:95) observed, the rami of downy
barbs are too weak to transmit movement to the shaft. He
pointed out that filoplumes, however, undoubtedly can respond to delicate disturbances and stimulate the laminated
nerve endings. They can serve as an indirect yet very sensitive
means for transmitting slight movements of larger feathers.
Filoplumes are structurally well adapted to do this, since
their apical barbs or barbules enlarge the area for contact

with larger feathers, and their shaft acts as a long lever
that magnifies the force in the folHcle. Borodulina (1966)
has shown that they have considerable innervation in the
form of free nerve endings in the folHcular wall and avian
lamellar corpuscles around the follicles. The latter are said
to be present sometimes beside the folHcles of filoplumes but
not those of contour feathers. We have found these sensory
corpuscles in various locations beside the follicles of contour
feathers, and frequently beside those of filoplumes as well
(fig. 232, p. 359), but not solely with the latter.
Anatomical evidence thus indicates that filoplumes are
part of the system that provides sensory input for the control
of the posture of larger feathers. This theory must still be
tested with neurophysiological methods. If it proves true, it
will probably be found that filoplumes monitor the larger
feathers not only to detect their disarray (Pfeffer, 1952:96),
but also as they are employed for locomotion, insulation,
bathing, or other activities (Borodulina, 1966:138).
Filoplumes are not present on newly hatched birds although their follicles are well developed. They do not begin
to emerge above the skin until a few days after hatching,
when the body contour feathers begin to appear. No functional reason for this situation is known. The natal downs are
equipped with feather muscles, but although these may be
functional at an early age, the exact position of the downs
may not matter much except for thermorégulation. Perhaps,
as Pfeffer (1952:96) noted, it would be inappropriate for
filoplumes to emerge early because they would be disturbed
constantly.
If filoplumes help to detect movements of the contour
feathers, this would account for the greater numbers of them
around the remiges and rectrices. Additional sensations from
these feathers are probably advantageous in adjusting the
feathers for flight. Possibly the filoplumes associated with
the remiges and rectrices are analogous to the airspeed
indicators on an airplane.
It follows that if filoplumes function as suggested, they are
adaptations that improve the operation of the contour
feathers. They are not in the least vestigial, but on the contrary, are structures that have evolved through simplification of the basic feather plan (Pfeffer, 1952:96).

CHAPTER 6

Shape, Structure, and Texture of Feathers of
Domestic Birds
INTRODUCTION
The feathers of any bird vary widely in size, shape, structure, texture, and color. There have been very few studies
of this diversity, either in domestic species or natural
species. Examining and comparing feathers from different
parts of the body can be fruitful for several reasons. Such
studies are Hkely to reveal features that are characteristic
for the species. These features may be useful for indicating
the taxonomic affinities of birds or for identifying the source
of isolated feathers. A study from a functional standpoint
can show how feathers are adapted for covering, insulating, or
waterproofing the body, for night, for tactile sensation or
protection of sensory organs, for ornamentation, species
recognition, or display. Finally, the study of feathers may
be necessary before specimens can be chosen for a practical
appHcation such as downy stuffing for pillows or sleeping
bags, ornamentation in millinery, the fletching of arrows, or
even artificial flies for fishing. As an example, Hardy and
Hardy (1949) described briefly the feathers from various
parts of the body in domestic chickens, ducks, and geese.
They explained a procedure for sorting feathers and discussed
certain properties that affected their utilization.
In this chapter, we examine the feathers of the five species
of domestic birds dealt with in this book. The feathers
of the adult Single Comb White Leghorn Chickens are
covered in the most detail. We describe the feathers and also
point out characters which, when taken together, can identify
the source of an isolated feather. The feathers of the remaining birds are treated with attention to characteristic
features but with less description.
One of the most distinctive features of many feathers—
color—is, of course, of no use with birds that are all white,
such as White Leghorn, White Plymouth Rock, White
Wyandotte, and Rhode Island White Chickens: White
Holland Turkeys; White Campbell, Pekin, Aylesbury, and
domestic Muscovy Ducks; and White Chinese Geese. A
study of the feathers of such birds must therefore focus on
their size, shape, texture, proportions, and structure. Pattern
and color, as found in several pigmented breeds of chickens,

are illustrated in ^'The American Standard of Perfection^'
(American Poultry Association, 1938-40).
There are several dimensions of feathers, the measurements
of which can help to identify them as to the kind of bird or the
tract where they originated. One or more of these measurements is included in each of the descriptions of feathers in
this chapter. The dimensions, as we have measured them,
are as follows :
Length.—The length is measured from the bottom of the
calamus to the tip of the vanes, with the shaft as straight as
possible and the terminal barbs extended as far as possible.
Width.—The width is the maximum distance across both
vanes with the barbs at their normal angles from the rachis.
In night feathers and their coverts, it may be necessary to
measure the widths of the vanes separately.
Calamus length,—The length of the calamus is measured
from the rim of the superior umbihcus, as close as possible
to the midventral line (depending on the structure of the
afterfeather), to the proximal end.
Downy part.—The downy part is the proportion of the
length of the vanes that is downy. It equals the distance
along the rachis from the lowermost barb to the insertion
of the highest barb with any downy barbules, divided by the
total length of the vanes. The uppermost downy barb sometimes cannot be determined exactly, but this is unimportant.
An error of two or three barbs is only a very short distance
along the rachis, and will alter the ratio very slightly. If
desired, the proportion of the pennaceous part of the vanes
can be measured instead,
Afterfeather leîigth,—If an aftershaft is present, the length
of the afterfeather is measured from the rim of the superior
umbilicus to the tip of the vanes, with the aftershaft straight
and the terminal barbs extended upward as far as possible;
if an aftershaft is absent (i.e., aftertuft type), the afterfeather
length is measured from the rim of the superior umbilicus
to the tip of the barbs at the midventral fine, with these
extended as far as possible. If desired, the length of the afterfeather can be taken in proportion to the length of either the
entire feather or the main vanes.
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SINGLE COMB WHITE LEGHORN CHICKEN
This section deals primarily with the feathers of adult male
Single Comb White Leghorn Chickens. In comparison, the
feathers of females are smaller, have a relatively larger downy
portion, and show no more than a very narrow zone of open
pennaceous texture around the margin. They cannot be
identified as closely as male feathers because they lack a
conspicuous pattern of pennaceous textures.
Contour feathers are taken up by tracts in the following
order: dorsopelvic, interscapular, dorsal cervical, ventral
cervical, pectoral, sternal, abdominal, femoral, crural,
humeral, alar, caudal, and capital. Semiplumes, down
feathers, and filoplumes are treated as separate types, but
as they are each fairly uniform over the body they are not
analyzed by tracts. Feathers of the oil gland are described
after other down feathers.

Dorsopelvic Tract
Feathers of the dorsopelvic tract are contour feathers;
most of them are downy for one-fourth to one-half of their
length. They range in length from about 50 to 200 mm., and
in width from 25 to 45 mm. The vanes are widest just below
the transition from the downy portion to the pennaceous
portion. From the beginning of the pennaceous portion to
the tip, the feather tapers first sharply, then gradually for a
long distance, and finally sharply again (fig. 180, A). The
shape of the tip varies from round to bluntly pointed, depending on the length of the barbs and their angle from the
rachis.
The vanes display a pattern of four distinct textures, which
is one of the distinguishing features of these feathers. To learn
the structural basis for these textures, we will examine a
feather from the anterior portion of the dorsopelvic tract
close to the midline. The plumulaceous barbules have a flat,
narrow base and a simple pennulum in which the cells are
alike except for a gradual reduction in diameter (fig. 180^ C).
The nodes are slightly swollen and may bear two to four tiny
prongs. Many barbules alternately point diagonally upward
or downward along each side of a ramus, an arrangement
that expands the vanules and contributes to downy texture.
Further analysis of this texture is given in a later section
(pp. 310-313). Near the tip of the plumulaceous portion
of the vanes, the barbules near the tips of the barbs develop
a ventral flange on the base and become shorter (fig. 180,
D). They tend to disappear 1 or 2 mm. before the tip. Owing
to these reduced plumulaceous barbules, the margin of the
vane here is soft but not fluffy.
Medial to the downy portions of the vanes is a zone of
open pennaceous texture about 2 mm. wide on each side of
the rachis (fig. 180, B). Parallel barbs separated by spaces are
clearly visible. Their barbules are not of a pennaceous type;
they consist solely of a straplike base that curves outward
and downward from the ramus. As they do not seem to
have been described heretofore, we suggest that they be known
as curled-base barbules. Proceeding toward the rachis, those
on the distal side of a ramus diminish while those on the

proximal side straighten out, become broader at the base,
and grade into the rachiclial barbules. The latter are present
along the entire rachis, and vary in number from 1 to about
10 between the bases of the rami. Distally along a barb, the
curled-base barbules change into plumulaceous barbules as
they straighten and acquire a pennulum.
Particularly in males, the most distinctive part of these
feathers is the pennaceous portion of the vanes. In hens,
this part is closely knit except for a narrow band of open
pennaceous texture at the tip (fig. 213, Î0 and Ï1, p. 317). In
males, feathers at the posterior end of the dorsopelvic tract
show a similar band (fig. 183), but those elsewhere on the
tract are more boldly patterned (fig. 182). An inner zone of
normal, closely knit texture (fig. 180, E) is bounded by zones
of open pennaceous texture (fig, 180, F). The inner zone has
a matte surface whereas the outer zone glistens, because of
light reflected from the flattened sides of the rami. The
pattern of these zones and the shape of the vanes vary
throughout the tract, as shown in figures 181 and 184.
Isolated feathers can thus be located to within a few rows
according to their size, shape, and textural pattern.
The transition zone between the downy and the pennaceous
portions of the vanes covers a span of 5 to 10 barbs. Here
the barbs become transformed, first at the inner and outer
ends and then toward the middle of more distal barbs. The
rachidial barbules show little change except to become more
triangular; they grade into the proximal pennaceous barbules
(fig. 180, E). Other types of barbules are replaced as follows:
(1) Curled-base barbules and normal plumulaceous barbules are replaced by normal pennaceous barbules (fig. 180,
B, C, and E). This involves the following changes: (a)
straightening of the base, (b) formation of dorsal and ventral
flanges on the base, (c) formation of ventral teeth from the
distal cells of the base, (d) reduction of the pennulum cells
in length and diameter, (e) disappearance of the nodes, and
(f) enlargement and differentiation of nodal prongs into
barbicels, especially on the ventral side of the pennulum,
(2) Reduced plumulaceous barbules (at the tips of barbs)
are replaced by reduced pennaceous barbules (fig. 180, D and
F) at the distal ends of barbs in the transition zone. This
involves only shortening the pennulum. Both types of reduced
barbules are identified more by the fully formed barbules
beside them than by their own structure.
(3) Normal pennaceous barbules are replaced by smaller,
simpler pennaceous barbules (fig. 180, E, F), starting in the
transition zone and continuing through the pennaceous
portion of the vanes. The change involves only shortening
the pennulum and the loss of outgrowths, yet it takes place
differently on opposite sides of a ramus. Proceeding toward
the tip, the proximal barbules become simplified and more
widely spaced, whereas the distal barbules are still normal.
The latter become reduced and lost within a short span, while
the proximal barbules continue gradually to diminish. Eventually barbules vanish on both sides, leaving bare, glistening
rami. These changes take place closer and closer to the rachis
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in the more distal barbs. The open pennaceous zone is thus
that portion of the vane in which the barbules are tiny or
nonexistent. The pattern created by the pennaceous zones
depends on variation in the place along the ramus where
reduction of barbules occurs. The contrast between the zones
depends on the abruptness of the transition from normal
pennaceous barbules to reduced ones or to none at all.
(4) Reduced pennaceous barbules are replaced by stylet
barbules at the tip of the feather (fig. 180, G). The barbules
become still shorter and their nodes disappear.
All dorsopelvic feathers have an afterfeather with an aftershaft that is much longer than its barbs (figs. 182, 183).
The afterfeather varies in length from about 25 to 35 mm.,
although the main vanes vary much more. The aftervanes
are downy except for a weakly fiufïy zone on each side of the
rachis, created by wider spacing of the downy barbules, not
by the presence of curled-base barbules.
Feathers from different portions of the dorsopelvic tract
can now be characterized as follows ;

FIGURE

Anterior end, near midline
Length: 80 to 90 mm.

Downy part: 38 to 44 percent

Near the midline at the anterior end of the dorsopelvic
tract, the pennaceous portion shows a broad zone of open
texture on each side of a relatively short, triangular, closely
knit zone (figs. 181, 182). The boundary between the zones
starts near the tip of the lowermost pennaceous barbs and
curves inward across the higher barbs. It reaches the rachis
about 8 mm. below the broadly rounded tip of the vanes.
In females, feathers at this location are narrow and rectangular (fig. 213,10). They are 65 to 79 mm. long, and the downy
part equals 53 to 65 percent of the length of the vanes.
Anterior end, near borders
Length: 100 to 1,50 mm.

Downy part: 29 to 41 percent

The actual length of the downy portion of feathers near the
borders at the anterior end of the dorsopelvic tract remains

180.—Textural pattern as related to the structure of the barbules in a contour feather of a Single Comb White Leghorn
Chicken. The specimen is from the middle of the anterior portion of the dorsopelvic tract.

A, whole feather. The areas from which figures B through G were
taken are indicated by corresponding letters on figure A.
B, pennaceouslike texture.

C and D, downy texture.
E, closely knit pennaceous texture.
P and G, open pennaceous texture.
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nearly constant, whereas the pennaceous part becomes
longer (fig. 181). The open pennaceous portion of the vanes
in enlarged and the tip becomes pointed.
Middle^ near midline
Length: 95 to 120 mm.

Downy part: 35 to 40 percent

As compared with more anterior feathers of the dorsopelvic
tract, the feathers near the midline at the middle of the tract
have a longer, narrower pennaceous portion, and the boundary
between normal and open pennaceous zones is more nearly
parallel to the edge (figs. 181, 182). In females these feathers
have no zone of open pennaceous texture (fig. 213, 10).
Middle^ near borders
Length: 160 to 200 mm.

Downy part: 26 to 31 percent

The feathers near the borders of the middle of the dorsopelvic tract hang downward over the lateral pelvic apterium
and the femoral tract. They are longer and narrower than
the feathers anterior to them (figs. 181 and 184). The pattern
of pennaceous textures is asymmetrical because the zone of
open texture starts farther distally on the inner web than
on the outer. The zones merge into each other more than
in the more anterior feathers. In females, these feathers are
74 to 87 mm. long, and about 50 to 62 percent downy. They
lack wide zones of open pennaceous texture, and their tips
are blunt.
Posterior end^ near midline
Length: 115 to 170 mm.

Downy part: 38 to 41 percent

Toward the posterior end of the dorsopelvic tract, the
feathers near the midhne become larger and more ovoid, and
the basal portion becomes fluffier (figs. 183, 184). The zone of
open pennaceous texture is restricted to a narrow band, which
is distinct on the outer vane but indistinct on the inner vane.
The afterfeather is wider and fluffier than on anterior feathers.
In females, these feathers are shorter and have blunter tips.
Posterior end^ near borders
Length: 50 to 70 mm.
The feathers near the borders at the posterior end of the
dorsopelvic tract are semiplumes, located between the contour feathers of the dorsopelvic tract and the down feathers
of the lateral pelvic apterium (fig. 184). They do not grade
into the contour feathers. The structure of semiplumes is
discussed further on pages 310 to 313.
Interscapular Tract
Length: 95 to 105 mm.

3. Width increases at lower end of pennaceous part.
4. Tip becomes more pointed.
5. Zones of open pennaceous texture become narrower.
6. Boundary between pennaceous zones becomes straighter
and more nearly parallel to edge of vane.
7. Afterfeather becomes a little less fluffy.
This is a narrow tract in which only a few rows have
as many as six follicles from the midline to the border.
Proceeding outward, the pennaceous parts of the vanes
become smaller and finally disappear. The outermost contour
feathers of the tract are bounded by down feathers of the
apterium; there are no semiplumes.
Interscapular feathers of females differ from those of
males in their more rectangular shape, rounder tip, lack of
an open pennaceous zone^ and relatively shorter afterfeather
(fig. 213, Í4).
Dorsal Cervical Tract
Feathers on the dorsal cervical tract show a greater range
of size and more sexual dimorphism than those of any other
tract. They are longer and more boldly patterned in males
than in females, a difference that is heightened in breeds
where the feathers are patterned in color as well as in texture.
In Single Comb White Leghorn Chickens, the feathers are
pointed and relatively narrow but appear to be characterized
best by the openness of their vanes. The downy portion is
slightly fluffy and short in relation to total length. A very
few of the downy barbs are branched. The barbules on these
barbs become shorter and fewer than those in interscapular
feathers, anteriorly and laterally through the tract (fig. 181).
At the base of the head, the feathers near the midline are
downy only in a small zone close to the rachis. The small
feathers along the margins of the tract on the underside of
the neck have only a few, slightly downy barbs or none at alL
The pennaceous portion is less closely knit in dorsal
cervical feathers than in other contour feathers on the trunk.
It shows less contrast between the normal and open zones,
yet a freer separation between the barbs than in other contour feathers. These texture qualities result from wider
spacing of the barbs (especially in the middle of the vanes),
reduced thickness and increased flexibility of the rami, and
reduction of barbicels.
The afterfeather is shorter (10 to 25 percent as long as the
main vanes) than in other contour feathers on the trunk. It
is also less fluffy, providing support for the finding that in
chickens, the density of the afterfeather tends to agree with
that of the downy portion of the main vanes.
Measurements and additional characteristics of feathers
in different areas of the dorsal cervical tract are as follows :

Downy part: 35 to 45 percent

Posterior end

Proceeding anteriorly from the dorsopelvic tract, the
interscapular feathers show the following changes (fig. 181) :

Length: 121 to 184 mm.

1. Length of pennaceous part of vane increases.
2. Downy part of vane becomes fluffier, through lengthening and branching of the barbs (see pp. 311-313).

The feathers at the posterior end of the dorsal cervical tract
are among the most striking to be found on a fully grown
rooster (fig. 185, D). They are widest (up to 75 mm.) in the

Downy part: 6 to 25 percent
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downy portion and tapered rather sharply to a more or less
pointed tip. There are distinct zones of normal and open
pennaceous texture, separated by a boundary that is parallel
to the edge of the vanes. Between the pennaceous and the
downy zones is a transitional zone of lax texture, where the
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barbs are fine and flexible, and bear reduced downy barbules
for most of their length.
Feathers from the posterior portion of the dorsal cervical
tract illustrate the changes in size and morphology between
feathers of successive generations.

ANTERIOR

Dorsal cervical tract

Lateral cervical aptcrium

Shoulder ■

Intcrscapular tract
Scapular aptcrium

Dorsopelvic tract

Femoral tract
Lateral pelvic aptcrium

181.—Exploded view of anterior feather tracts on the dorsal side of the body of a Single Comb White Leghorn Chicken.
In this picture and similar ones to follow, the feathers can be seen to grade in size, shape, and pattern from one area to
another. White dots mark the location of follicles where feathers have been left off. Solid lines indicate distinct boundaries
between tracts and apteria. Dashed lines indicate arbitrary boundaries between tracts or apteria (e.g., a boundary between
tracts where no apterium is present). Note: See chapter 10, page 641, for procedure used in making an exploded view.

FIGURE
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First generation (natal) : down feather about 12 mm. long,
identical with those everywhere else on the body; downy
barbs arise from an extremely short rachis and from the rim
of the superior umbilicus (fig. 185, A).
Second generation (juvenal) : contour feather up to 37 mm.
long, similar to other contour feathers on the trunk; downy
only at base; pennaceous portion shows gradation outward
from normal to open texture; afterfeather is one-fourth to onethird as long as main vanes (fig. 185, B).
Third generation (first basic) : contour feather up to 84 mm.
long, recognizable for this tract by size, shape, and pattern ;
distinct zones of pennaceous texture are evident; afterfeather
is relatively shorter than previously (fig. 185, C).
Adult generation (definitive plumage): contour feather
up to 184 mm. long; tapered for most of length; marked
contrast between pennaceous zones; downy portion is relatively longer; afterfeather is relatively still shorter; sexual
dimorphism evident (fig. 185, D).
Conspicuous changes take place between feathers of the
first four generations, but subtle changes may occur between
subsequent generations. Knowledgeable fishermen who tie
their own trout flies try to procure hackles from roosters
that are at least 2 years old. The pennaceous barbs of these
feathers are more loosely knit at the proximal end than are
those of younger birds. They fan out nicely when the rachis
is bent, creating a desirable appearance in the fly.
Feathers of females are much shorter (length 54 to 85 mm.)
and relatively more downy (28 to 45 percent) than those of
males. They have a narrow marginal zone of open texture, as
shown in figure 213,15, page 317.

183.—Contour feather near the midline from the
posterior end of the dorsopelvic tract of a male Single
Comb White Leghorn Chicken. Main feather on the
right, afterfeather on the left.

FIGURE

Anterior end
Length: 6 to 106 mm.

182.—Contour feather from the middle of the dorsopelvic tract of a male Single Comb White Leghorn Chicken.
Main feather on the right, afterfeather on the left.

FIGURE

Downy part: 0 to 18 percent

The feathers at the anterior end of the tract become smaller
and more open-textured, with a relatively smaller afterfeather, proceeding anteriorly and laterally in the tract. The
downy portion diminishes in extent and becomes less fluffy.
These trends culminate in the tiny feathers behind the ear
lobes and wattles. The downy portion of these feathers is
represented by only a few small, simplified downy barbules
at the base, close to the rachis.
These feathers are much shorter (maximum length, 27
mm.) and relatively more plumulaceous (30 to 36 percent) in
females than in males. Their zones of open pennaceous
texture—at the distal corners of the vanes—are larger than
those found elsewhere on female feathers, yet are still smaller
than those on male feathers (fig. 213,2).

SINGLE COMB WHITE LEGHORN CHICKEN

Ventral Cervical Tract
Length: ôO to 90 mm.

Downy part: 12 to 23 percent

The feathers at the upper end of the ventral cervical tract
resemble those at the margins of the interscapular tract.
There do not seem to be any criteria for identifying individual feathers because of the variation among feathers of
both tracts. Most of the pennaceous portion is closely knit,
but there is a distinct zone of open texture at the tip. The
downy portion is moderately fluffy, partly because barbs with
branched tips are common. The afterfeather is longer on
feathers of this tract than on the nearby feathers of the dorsal
cervical tract.
Proceeding posteriorly, the feathers show the following
changes (fig. 186) :
1. Length increases.
2. Downy portion becomes larger, whereas the pennaceous
portion remains about the same.
3. Zone of open pennaceous texture becomes faint or
vanishes in feathers near the inner border of the tract but
becomes larger in feathers near the outer border.
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These feathers may be distinguished from those on the
interscapular tract by the more rounded tip, the weaker
contrast between the normal and the open pennaceous zones,
and the smaller area of the open pennaceous zone.
Female feathers resemble those of males except near the
outer border of the tract, where they do not have a wide zone
of open pennaceous texture.

Pectoral Tract
Length: 100 to 125 mm.

Downy part: 3.3 to ,55 percent

The feathers of the pectoral tract continue some of the
trends seen in the ventral cervical tract. The following
changes can be seen as one examines feathers posteriorly
along the middle of the tract (figs. 186,187) :
1. Length increases.
2. Width increases at proximal end of pennaceous portion,
so that this part becomes more broadly triangular.
3. Downy portion becomes longer and approximately
equals the pennaceous portion in the most posterior feathers.
4. Pennaceous portion becomes more closely knit, through

ANTERIOR

Dorsopelvic tract

Femoral tract

Lateral pelvic apteriu

FIGURE

184.—Exploded view of posterior feather tracts on the dorsal side of the body of a Single Comb White Leghorn Chicken.
See legend of figure 181 for note and explanation of solid line.
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closer spacing of barbs, closer spacing of barbules, greater
development of barbicels, and continuation of normal
barbules farther out on each barb. The open and the closely
knit zones are no longer sharply separated; the closely knit
texture gradually becomes more open toward the border of
the vanes. The margins of posterior pectoral feathers are
nevertheless denser than the open zones of other feathers,
because there still are simplified pennaceous barbules or
stylet barbules at the tips of the rami.
The afterfeather is approximately one-third as long as the
main vanes, has a relatively long aftershaft, and is densely
fluffy.
The feathers become smaller from the midline of the tract

FIGURE

to the borders, particularly on the medial side. This size
gradient runs at right angles to the anteroposterior gradient;
as a result, feathers from the posterior end of the tract near
the margin are the same size as those from the anterior end
near the midline.
Since pectoral feathers grade into ventral cervical feathers,
they cannot be told apart in the middle of the combined
tracts. Feathers from the posterior half of the pectoral tract
can be distinguished from feathers from the anterior half of
the ventral cervical tract by their larger size, longer plumulaceous portion, and denser pennaceous portion. The large
posterior pectoral feathers resemble those at the very posterior
end of the dorsopelvic tract, but can be recognized by their

185.—Changes in the size and shape of feathers from successive generations, as shown by dorsal cervical feathers from
a male Single Comb White Leghorn Chicken.

A, natal down.
B, second generation (juvenal plumage).
C, third generation (first basic plumage).

D, an adult generation. Main feather on the righi, afterfeather on
the left. All feathers drawn to the same scale.
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Dorsal cervical tract

Lateral cervical apterium

Ventral cervical tract

Ventral cervical apterium

Lateral body apterium

Tip of keel

Pectoral tract

Pectoral apterium

Sternal tract

Sternal apterium

FIGURE

186.—Exploded view of anterior feather tracts on the ventral side of the body of a Single Comb White Leghorn Chicken.
See legend of figure 181 for note and explanation of solid and dashed lines.

blunter tip ; smaller, less contrasting zone of open pennaceous
texture; and relatively larger afterfeather.
The pectoral feathers of females are 75 to 105 mm. long,
and are downy for 36 to 75 percent of their length. The
pennaceous portion is more rectangular than that on male

feathers. Figure 213, 13, shows a contour feather from the
anterior end of the pectoral tract, and figure 213, 8, shows
that an equivalent feather from the posterior end is nearly
a semiplume.
Semiplumes are present and similar on both margins of
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the tract, but they are more numerous along the medial
margin. They are very fluffy and nearly circular, with an
afterfeather which is absolutely and relatively larger than
that on the contour feathers (fig. 188). There is a little or no
gradation in structure between semiplumes and contour
feathers; some semiplumes are situated beside contour
feathers with a large pennaceous portion of vane. The barbs
of the semiplumes are longer than the downy barbs of
adjacent contour feathers. The structure of semiplumes is
discussed further on pages 310-313.

Sternal Tract
Length: 50 to 75 mm.

187.—Contour feather from the pectoral tract of a
male Single Comb White Leghorn Chicken. Main feather
on the right, afterfeather on the left.

FIGURE

Downy part: 40 to 100 percent

The sternal tract is covered with contour feathers and
semiplumes, as well as down feathers along the margins. The
contour feathers display less contrast between downy and
pennaceous portions than most other feathers (fig. 189). The
downy portion is not very fluffy, owing to the shortness of the
barbs, but the barbules are like those found elsewhere. The
pennaceous portion is unusually soft and lax (loosely knit),
and the closely knit texture grades outward into more open
texture. The afterfeather is relatively large; in some feathers
it is slightly more than half as long as the main vanes.
The contour feathers show the following trends from the
anterior to the posterior end of the tract (flg. 190) :
1. Length diminishes slightly.
2. Pennaceous portion becomes shorter and looser.
3. Tip becomes more broadly rounded.
A few semiplumes are sometimes present on the lateral
margins of the anterior half of the tract. At about the mid-

FiGURE 188.—Semiplume from the pectoral tract of a male Single Comb White Leghorn Chicken. Main feather on the right,
afterfeather on the left.
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or five rows. In these last feathers, just anterior to the vent,
the vanes have mostly a loose, lightly downy texture; dense
downy texture becomes confined to a very small area around
the proximal end of the rachis.
Abdominal feathers are distinguishable from some other
semiplumes by their size, shape, contrast between zones, and
large afterfeather.
The abdominal feathers of females are about 42 to 65 mm.
long (fig. 213, 4)- They are downy for 45 percent or more
of the length of their vanes, as in males, but the basal portion
is less dense.

Femoral Tract
Anterior border, dorsal corner
Length: 40 to 60 mm.
189.—Contour feather from the sternal tract of a
male Single Comb White Leghorn Chicken. Main feather
on the right, afterfeather on the left.

FIGURE

point of the tract, all the contour feathers grade into semiplumes, which become larger toward the posterior end of
the tract. The semiplumes are narrow and densely downy at
the base and broader and looser near the tip. The barbs in
the middle of the vanes are branched, whereas those above
them have progressively smaller, simpler barbules and bare
rami at their tips.
Contour feathers from the sternal tract can be recognized
by their narrow but relatively long downy portion, lax
pennaceous portion, rounded tip, and relatively large
afterfeather. The semiplumes, however, do not seem to be
distinguishable from those on other tracts.
Feathers at the anterior end of the sternal tract are sometimes as large in females as they are in males. The posterior
feathers, however, are a little shorter and less dense in females
than in males.

Abdominal Tract
Length: 60 to 90 mm.

Downy part: 45 to 100 percent

The abdominal tract is covered with semiplumes that
continue the trends seen in the posterior part of the sternal
tract (fig. 190). They are narrow and densely fluffy at the
proximal portion of the vanes, except in the zones of curledbase barbules beside the rachis. The vanes are lax and lightly
fluffy from their widest point to the tip, because of progressively wider spacing between the rami and the reduction
in size of barbules. The tip is broadly rounded, as in sternal
feathers (fig. 204). The afterfeather is sometimes as much as
two-thirds as long as the main feather, in which case it is
among the largest to be found anywhere on a chicken in
relative, and sometimes even in absolute, terms.
These feathers become larger toward the posterior end of
the tract but then become markedly smaller in the last four

Downy part: 100 percent

The feathers at the anterosuperior angle of the femoral
tract are semiplumes of uniform texture. They become smaller
toward the knee region, and, with shortening of the rachis,
grade into down feathers (fig. 191). Posteriorly, the feathers
become larger, mostly by addition of a loosely knit pennaceous portion to the vanes. The distal plumulaceous barbs
become longer, and the new segment is covered with small,
simplified plumulaceous barbules. The vanes thus begin to
show two zones of texture like the semiplumes of the abdominal tract. Within one or two rows, the new terminal
zone becomes flatter and definitely pennaceous by the addition of barbs and the conversion of the barbules. Female
feathers resemble male feathers (fig. 213, 6).
Posterior border
Length: 85 to 135 mm.

Downy part: 58 to 100 percent

The contour feathers and senoiplumes in the posterior
border are the largest feathers in the femoral tract and are
among the largest on the body (fig. 192). Their downy
portions are very fluffy, because of the great length of the
barbs (at least 45 mm. in some cases) and because of the
presence of downy barbs with branched tips. The pennaceous
portion of the posterior contour feathers is larger and more
closely knit than in feathers from the center of the tract.
The tip is slightly pointed, and it is marked with a crescentshaped band of open pennaceous texture, up to 3 mm. wide.
The afterfeather is one-fourth to one-third as long as the
main vanes on the contour feathers, but a little longer in the
semiplumes.
The largest contour feathers and semiplumes are in the
middle region of the posterior border of the tract. The two
types appear to alternate because the rows of semiplumes are
close behind the rows of contour feathers. Proceeding dorsally
and posteriorly, the feathers become smaller and revert to
the semiplumaceous structure. Anteriorly and ventrally, there
is a reduction in size and flufliness, and the pennaceous portion reverts to the looser-knit texture seen in feathers in the
center of the tract.
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ANTERIOR

Tip of keel

Pectoral tract

Pectoral apterium

Lateral body apterium

Sternal apterium

Sternal tract

Caudal end of sternum
Lateral abdominal tract

Medial abdominal tract

190.—Exploded view of posterior feather tracts on the ventral side of the body of a Single Comb White Leghorn
Chicken. Solid lines are distinct boundaries between tracts and apteria; dashed lines are arbitrary boundaries between
tracts or apteria (e.g., a boundary between tracts where no apterium is present). See note in legend of figure 181.
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SINGLE COMB WHITE LEGHORN CHICKEN
Contour feathers of the femoral tract resemble most
those of the pectoral and interscapular tracts. They can
be recognized, however, by the relatively long downy portion of the vanes and the relatively shorter afterfeather
They further differ from interscapular feathers in the shape
of the tip and the smaller zone of open, pennaceous texture.
These feathers can be located within a few rows because of
the anteroposterior gradients in total size and character of
the pennaceous portion. The largest contour feathers are the
easiest and surest to locate because they have the most
restricted distribution.
These feathers are about 86 to 110 mm. long in females
and are downy for at least half their length. The pennaceous
portion is relatively narrower and more rectangular than in
males and has a more truncate tip (fig. 213,9).
The semiplumes along the posterior border of this tract
closely resemble those on the posterior lateral margin of the
pectoral tract. They can be distinguished from other semi-

. Lateral body tract
I
Lateral body apterium
Dorsopelvic tract
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plumes by their dense ñuíSness at the proximal end and their
large size. Semiplumes from elsewhere on the thigh, being
smaller, do not seem to be specifically identifiable.

Crural Tract
Upper end
Length: 48 to 62 mm.

Downy part: 40 to 100 percent

The upper end of the crural tract is covered with semiplumes except for contour feathers on the anterior region of
the lateral surface (figs. 193, 194). Most of the feathers
resemble those in the central and anterior portions of the
femoral tract. In the proximal portion of each feather, the
rachis tends to be hidden by the downy barbs, and there are
no zones of curled-base barbules. The distal portion is loosely
knit and broadly rounded, showing the same transition
between the conditions in contour feathers and semiplumes
as in the femoral tract. None of the feathers seem to be

Femoral tract
Hip

I

Lateral pelvic apteriu

Lateral abdominal tract
Crural tract
— Crural apterium

FIGURE

191.—Exploded view of feather tracts on the left thigh of a Single Comb White Leghorn Chicken. See legend of figure
190 for explanation of sohd and dashed fines; see note in legend of figure 181.
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2. Contour feathers prevail on the anterior half of the leg,
on both lateral and medial sides. Semiplumes prevail on the
posterior half.
3. Downy portion of vanes becomes smaller and less fluffy.
4. Pennaceous portions of vanes become relatively larger
and more closely knit, until shortly above the ankle, where
they become looser.
These trends culminate in the tiny feathers on the ankle.
Those on the lateral anterior surface are still contour feathers,
whereas the others are semiplumes. Ankle feathers emerge
either between the scales or through individual scales at or
near the posterior margin.
The contour feathers from the lower end of the crural
tracts are actually the only ones that may be identifiable. The
combination of small size, flatness of the downy portion,
relatively large pennaceous portion, and rounded tip should
distinguish them from other feathers.

Humeral Tract
Length: 37 to 110 mm.

192.—Contour feather from the posteroventral
portion of the femoral tract of a male Single Comb White
Leghorn Chicken. Main feather on the right, afterfeather
on the left.

FIGURE

distinctive except for the semiplumes in the anterior portion
of the medial surface, which are especially large and fluffy.
Their texture is created by barbs that bear small, simplified
downy barbules for much of their length.
These feathers in females are about three-fourths of the
size of those in males. More of the feathers on the posterior
surface of the leg are of the contour type, and the pennaceous portion is more closely knit. Feathers from the
lateral surface have a wide band of lax texture outside the
closely knit pennaceous portion (fig. 213, 7).
Lower end
Length: 8 to 27 mm.

Downy part: 16 to 33 percent

Proceeding distally along the leg on all surfaces, the
feathers at the distal end of the crural tract show the following trends (figs. 193,194) :
1. Total length remains about the same or decreases
slightly down to a level close above the ankle, where it decreases rapidly.

Downy part: 20 to 44 percent

The feathers of the humeral tract proper are those on
the dorsal side of the shoulder (fig. 195) ; they are known as
shoulder feathers in poultry terminology and as scapulars in
ornithological terminology. The feathers of the posthumeral
and subhumeral tracts are associated with them in arrangement but are discussed in conjunction with the feathers of
the dorsal and ventral alar tracts, which they resemble.
The feathers of the humeral tract are all contour feathers
in which the pennaceous portion has distinct zones of closely
knit and of open texture (fig. 196). The line of demarcation
between the zones starts at the margin, at a variable distance
beyond the bottom of the pennaceous portion, and curves
concavely toward the rachis. The edges of the vanes converge slightly, and the tip is bluntly rounded. The afterfeather is one-third to one-fourth as long as the main vanes.
Proceeding backward from the anterior end of the tract,
the feathers show the following trends (fig. 195) :
1. Total length increases.
2. Length of calamus increases.
3. Downy portion becomes relatively (and absolutely)
longer.
4. Open pennaceous zone becomes larger.
5. Afterfeather becomes shghtly smaller in relation to main
vanes.
Humeral feathers resemble feathers near the junction of
the interscapular and dorsal tracts and certain marginal
coverts on the upper side of the wing. They can usually be
separated from the interscapular and dorsal feathers by the
length of the calamus, a distance of 5 to 9 mm. in the humeral
feathers and 3 to 5 mm. in the others. As compared with the
marginal coverts on the forearm, the humerais are mostly
larger. Taking feathers of equal size from the humeral tract
and the forearm, the former has larger zones of downy and
of closely knit pennaceous texture and tends to have a
blunter tip.
Comparison of figures 196 and 213, 1^, shows that female
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feathers are relatively narrower and more plumulaceous,
have a blunt tip, and have little or no margin of open pennaceous texture.

Alar Tracts
Primary remiges
The primary remiges of a Single Comb White Leghorn
Chicken have the typical features of these feathers in other
birds, namely, calamus, large size, long, entirely pennaceous
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vanes, asymmetry and curvature of vanes, pointed tip, and
absence of an aftershaft. Figure 195 and table 15 show that
the longest primaries are those in the middle of the row.
They confirm the observation that the wing tip is broadly
rounded. The length of the calamus varies even more than
total length, since it is more than twice as great in primaries
2, 3, and 4 as in 10. The calamus is longest in the proximal
feathers, except for the first primary. The calamus is not perfectly circular in cross section but slightly compressed on the
sides. It bends upward a little at the basal end, particularly

Knee

Femoral tract

Crural apterium

Crural tract

Ankle

FIGURE

193.—Exploded view of feather tracts on the lateral surface of the left leg of a Single Comb White Leghorn Chicken.
See legend for figure 190 for explanation of solid and dashed lines; see note in legend for figure 181.
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15.'—Length of primary remiges of Single Comb
White Leghorn Chickens^
Male

Female

Primary
(No.)

1
2
3
4
5.
6
7.
8
9
10

Total
length

Length of
calamus

Total
length

Length of
calamus

Millimeters
218
227
238
230
224
235
219
221
219
180

Millimeters
35
42
43
40
39
35
34
31
27
20

Millimeters
203
201
195
190
179
201
195
190
179
156

Millimeters
39
35
32
29
25
35
32
29
25
19

1 Measurements are based on feathers of one male and one female,
both more than 1 year old. They show the general range of size, variation in length within the series, and size difference between the sexes.

in the inner primaries. The calamus may contain 20 or more
pulp caps; these are hard to count just above the inferior
umbilicus, where they are very close together. The rim of the
superior umbihcus traces a parabolic curve; its low point lies
on the midventral line of the 10th primary but slightly on the
inner-vane side of the shaft in the more proximal remiges.
A short distance below the superior umbilicus, two thickenings of pith on the sides of the calamus form the lower end
of the rachis. They become joined completely except on the
ventral side, where a broad, V-shaped groove runs for about
half the total length. Several cortical ridges inside the rachis
are visible as lines on the dorsal surface.
Rows of short umbilical barbs curve distally and dorsally
around the shaft, from the superior umbilicus to the vanes.
These barbs are not very downy, except on the inner side of
the first primary, where they are pennaceous. The lowermost
barbs on the outer side of the shaft are also downy for a
distance of 16 mm. on the first primary and progressively
less downy on outer remiges (fig. 197, A),
The barbs and their barbules increase in size from the
umbilicus to the vanes, and the bases of the rami become
enlarged dorso ven trally. On the lowest barbs of the outer
vane, the barbules near the rachis are of the simplified pennaceous type and are weakly differentiated on opposite
sides of the rami. Similar barbules are shown in figure 198, F,
The barbules farther along a ramus are of the plumulaceous
type and are the same on both sides, like those in figure 198,
G, In the next higher barbs, the pennaceous barbules become
more strongly differentiated and are continued farther to the
tip of the ramus. On the inner vane, we find that the lowest
barbs already have well-developed pennaceous barbules for
most of their length, but that the terminal barbules are
smaller and simpler in structure. The margin of a short

proximal portion of the inner vane is hence loosely fringed,
though not actually fluffy.
The exposed portion of each feather is curved downward
and toward the inner vane. Lateral curvature is more pronounced than ventral curvature, particularly in the outer
primaries. The outer vane slopes downward sHghtly from the
rachis to the margin; the inner vane slopes downward and then
curls upward near the margin at the proximal end. This
transverse curvature diminishes distally, and the distal half
of the outer vane is nearly flat. The maximum width of both
vanes becomes smaller from primary 1 to primary 10. In
addition, the outer vane is faintly emarginate on primaries 4
through 8, the notch being produced by a reduction in the
angle of the barbs, not their length (fig. 197, A). On a specimen
of primary 6, for example, proceeding from below the notch
to above it, the angle of the barbs was found to diminish
from 36° to 8°, whereas the length of the barbs actually increased from 17.3 mm. to 32.2 mm.
The vanes are composed of closely knit pennaceous barbs
except at the bottom, as described above. Rami of the outer
vane have a distinct ventral notch just beyond their attachment to the rachis, whereas those of the inner vane have a
shallow notch. The junction is not braced by ribs on the
rachis or outgrowths of the ramus, as found in certain birds.
Sometimes, a primary remex displays a long, narrow zone
of differing reflectiveness on the underside of the inner vane
close to the shaft. The feather does not have the glazed
sheen found in homologous duck feathers but is actually less
shiny and transparent than the rest of the surface. The effect
is caused by the presence of loose pieces of film between the
rami. These are composed of cortical material and are apparently sloughed off the distal surface of each ramus. There
is no expanded ventral ridge (tegmen) as in ducks, and the
optical effect disappears when the debris is cleaned away.
The pennaceous barbules of the primaries are among the
largest and most highly differentiated to be found on any
feathers of a chicken. They do not show any unusual features,
and hence can be identified only by careful attention to the
size and shape of the ordinary parts.
Proximal barbules.—These barbules from the middle of the
inner vane are about 0.52 mm. long at the base of the barb,
0.71 mm, at the middle, and 0.49 mm. near the tip. Similar
barbules are shown in figure 198, C and D. As shown in
figure 169, page 246, a barbule near the basal end has a
rectangular base about eight times longer than it is wide. This
is composed of about nine cells, the boundaries and nuclei of
which can be seen by their differential reaction to staining or
differential refraction of transmitted light. The last four or
five cells produce pennant-shaped ventral teeth. Above them,
beyond the dorsal flange, are five to seven dorsal spines, in
each of which the proximal edge is nearly vertical and the
distal edge slopes upward to the base of the next spine. The
pennulum consists of a few slender cells that bear one or two
tiny nodal prongs. It is shorter than the base, but the true
length is hard to determine because cells often appear to
to have broken off at the tip.
Distal barbules.—These barbules from the middle of the
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inner vane measure about 0.27 mm. long at the base of a
barb, 0.40 mm. at the middle, and 0.33 mm. near the tip.
Similar barbules are shown in figure 198, C and D. A barbule
near the basal end has a base about two-thirds as large as
that of a proximal barbule. The cells are the same size as
those of the proximal barbule, but they tend to be fewer.
On the barbule are one or two small, pennant-shaped ventral
teeth and one large tooth, which widens from base to midpoint and then tapers. The pennulum is about as long as the
base and bears a large complement of barbicels. On the side
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of the ventral teeth facing the shaft are about six booklets
increasing in length distally. Beyond them are six or seven
cells with dorsal and ventral cilia, the last of which are
hardly more than nodal prongs.
On barbs of the inner vane, the pennaceous barbules
maintain their structure approximately as far as the terminal
one-fourth or one-fifth of the vane. The last 25 to 35 barbules
become shorter and their barbicels become fewer, smaller,
and more uniform. The proximal barbules lose their dorsal
spines, and the base grades into the pennulum. Distal bar-

Dorsal
1

^ Antc

Knce .

Femoral tract
Crural apttrium

Crural tract

Ankle

FIGURE

194.—Exploded view of feather tracts on the medial surface of the left leg of a Single Comb White Leghorn Chicken.
See legend for figure 191 for explanation of solid and dashed lines; see note in legend for figure 181.
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bules never develop enlarged dorsal spines in the primary
remiges of chickens, and hence do not become friction barbules, as found in some birds. Similar barbules are shown in
figure 198, A and B.
Barbs from the middle of the outer vane of a primary
remex are about half as long as those from the inner vane,but
their barbules are similar. Reduction of the barbules starts
midway along the ramus, and both proximal and distal subtypes become transformed into the same structure. These
terminal barbules consist of a stalk of 6 to 10 nearly uniform
cells, each of which bears a curved or weakly hooked ventral
cilium. They appear to be modified in such a way as to keep
the outer margin of the feather from fraying.
At the tip of a primary, the barbs become shorter, the very
last ones are less than 1 mm. long. The barbules of both vanes
are alike, and they are smaller than those in the middle of the
vanes. Near the end of the barbs they become irregularly
formed as well as smaller and simpler.
The pennaceous barbules of remiges are excellent for
identifying feathers on the basis of microstructure. Their

large size and fully formed parts are assets that are offset,
however, by variation among barbules even within a vane,
as we have just seen. When comparing the barbules of
different birds, therefore, it is important that they be selected
from the same place on all the feathers.
The primary remiges can be distinguished from the secondaries and the rectrices by the asymmetry and curvature
of their vanes and by the pointed tip. Isolated feathers can be
identified within two follicles by variations in these same
features, in degree of emargination, and in length.

Secondary remiges
The secondary remiges resemble the primaries in many
respects, so our description will focus on their distinctive
features. Those on the ulna are large and stiff whereas those
on the elbow and upper arm are markedly smaller, more
flexible, and more like body contour feathers (fig. 195). The
first secondary differs from the first primary in its smaller

Upper marginal coverts of alula
Upper major coverts of alula
Upper aiular downs

Upper marginal coverts of prepatagium

Alular remiges —

Humeral tract Humeral apterium-

Upper marginal coverts
of hand

Upper median primary
coverts ■
Upper proximal primary downs ■

— Upper proximal secondary downs
Upper major secondary coverts

Upper major primary coverts —
Upper distal primary downs
1st primary remex

Posthumeral
tract
■ Upper cubital
apterium

Upper distal secondary downs
'

—Carpal remex
1st secondary remex

FIGURE

195.—Exploded view of feather tracts on the dorsal side of the left wing of a Single Comb White Leghorn Chicken.
Note: See chapter 10, page 641, for procedure used in making an exploded view.
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size, less pointed tip, and slightly greater symmetry. Proceeding toward the elbow, the secondaries vary in size, as
shown by the measurements in table 16. They also become
symmetrical as the vanes become equally wide and the shaft
straightens. The tip becomes rounded in secondaries 2
through 14, but in the last two to four remiges (depending on
the number of inner secondaries) it again becomes somewhat
pointed.
The secondaries are more downy at the base than the
primaries. In the outer vanes, the downy barbs are longer
and more numerous in the secondaries than in the primaries.
The inner vane is downy along the margin of secondary 1, in
a zone that becomes wider in remiges closer to the elbow.
Proximally in the row of secondaries, as the proximal end of
the inner vane becomes more downy, it comes to resemble
the outer vane, particularly in secondaries 10 to 18. The
synametrical downy bases of the innermost five secondaries
give these remiges the appearance of body contour feathers.
The afterfeather is a tuft of umbilical barbs, which are
longer and fluffier than those on the primaries; they point
distally instead of laterally, as do the lowest barbs of the
vanes.
The pennaceous portion of the vanes is flatter in the secondaries than in the primaries, and there is less difference
in the length and angle of the barbs between the vanes.
Although the vanes appear to be homogeneous (except in the
downy portion), the barbules vary in structure, as shown in
figure 198. Secondaries 15 to 18 have a narrow band of open

TABLE

16.—Length

Secondaries
(No.)

of secondary remiges of Single Comb
White Leghorn Chickens^
Total length

Length of calamus

Millimeters

Millimeters
1..

2..
3..
4..
5..
6
7. .
8. .
9. .
10..
11..

1?
l.S
14. .
I.^i
16
17..
1»

172
203
221
217
216

28
34
34
34
33
31
31
29
28
27

213
200

197
194
190
184
180
162
148
129
110
93

76

',

"

24

24
22
19
16
12
10
6

' Measurements are based on feathers of one male at least 1 year old.
They show the general range of size and the variation in length within
the series.

196.—Contour feather from the middle of the
humeral tract of a male Single Comb White Leghorn
Chicken. Main feather on the right, afterfeather on the
left.

FIGURE

pennaceous texture at the tip, an additional point of resemblance to body contour feathers.
The secondaries on the forearm can be distinguished from
the primaries by the greater symmetry of their vanes,
downier base, and rounded tip. These secondaries closely
resemble rectrices 2 to 8, but can be identified by their longer
calamus and less symmetrical downy portion. The secondaries
on the upper arm can be distinguished from body contour
feathers by the presence of an aftertuft instead of an aftershaft. It is not possible to distinguish them from nearby
upper secondary coverts that have a very small aftershaft.
Secondary remiges are 15 to 30 mm. shorter in females
than in males.
Alular remiges
The alular remiges resemble the 10th primary remex but
are much smaller (fig. 195). If we compare the following
measurements with those for males in table 15, we see that
the alular remiges range from about one-third to two-thirds
as large as the 10th primary.

Feather No.
1
2
3
4

Total length
in
millimeters

Length of calamus
in
millimetirs

130
110
77
60

16
16
13
10

In the outermost alular remex (No. 1), the outer vane
starts 3 to 4 mm. lower on the shaft than the inner vane.
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17.—Length of upper major primary coverts of Single
Comb White Leghorn Chickens^
Covert
(No.)

Total length

Length of calamus

Millimeters
1
2
3
4
5
6
7
8
9
10

Millimeters
72
74
79
79
80
83
79
77
70
42

9^

24
9"^
9^
9^

24
22
21
18
12

^ Measurements are based on feathers of one male, at least 1 year old.

The outer margin is curled downward so that the feather
conforms to the leading edge of the wing. Both features are
present to a lesser degree in the second alular remex. These
feathers in a female had lengths of 114 mm., 101 mm., and
78 mm. ; the fourth alular remex could not be measured.

Carpal remex
Total length: 60 mm.
Downy part: 84 percent

Upper major primary coverts
The remarkable feature of the upper major primary coverts
is their relatively long calamus, wiiich accounts for 35
percent of the total length (table 17). It does not show in
figure 195 because it had to be cut off. Except for the outermost covert, which is extremely narrow, the vanes are
approximately as wide, in relation to length, as those of the
remiges below them. The proximal portions of both vanes are
lightly downy for a variable distance along the margin. In
contrast to the remiges, this texture is more extensive on the
inner vane than on the outer. The vanes are most pennaceous,
however, and they curve downward toward the edges,
particularly in the outer coverts. The afterfeather is a dense
tuft of umbilical barbs. The main feathers can be easily
recognized by their size, their resemblance to remiges, and
their long calamus.
Upper m,inor primary coverts^ upper marginal coverts
of the hand
Length: 20 to 45 mm.
The upper minor primary coverts are smaller than the
upper major primary coverts, have a relatively shorter

FIGURE

calamus, are more downy at the base, and are flatter and
more symmetrical in the pennaceous portion. Proximally,
the margins of the vanes are fluffy for 4 to 30 percent of their
length, but the inner portion is not downy at all. The marginal
coverts are shorter than the upper minor primary coverts,
and at the proximal part of the rows they are also rounder.
Proceeding distally on the wing tip, these feathers become
smaller, less downy, and more pointed. Along the leading
edge of the hand, these trends culminate in the marginal
coverts, which are very small, narrowly pointed feathers.
These coverts can be separated from most other coverts
on the dorsal and ventral sides of the wing by their narrow
shape, small portion of downy vane, and lack of open pennaceous texture (as found in many upper marginal coverts
on the forearm). The upper minor primary coverts, how^ever,
are almost identical wdth the upper major alular coverts.
The upper marginal coverts of the hand likewise match the
upper marginal coverts of the alula and the marginal coverts
along the leading edge of the prepatagium. In view of these
similarities, it hardly matters that the upper minor primary
coverts can be distinguished from the upper marginal coverts of the hand by their larger size.

Length of calamus: 10

The carpal remex is distinguished by its extensive lightly
downy texture—over the entire proximal third and along the
outer halves of both vanes nearly to the tip. The remainder
of the vanes is pennaceous. The calamus is relatively long for
such a downy feather. There is a small aftershaft with barbs.
The upper carpal remex covert is very similar to the nearby
marginal coverts of the hand.
Upper major secondary coverts
The upper major secondary coverts are in many w^ays small
versions of the secondary remiges below them, just as the
upper major primary coverts resemble the primaries (fig.
195). Measurements of total length, length of calamus, and
percentage of downy parts to total length of feather are
given in table 18. The 12 coverts of this series on the forearm
can be readily identified by their size, short downy portion,
moderately broad vanes with rounded tip, and afterfeather
of umbilical barbs. The six remaining coverts, on the upper
arm, are smaller and have an afterfeather with an aftershaft.
Coverts 14 through 18 and sometimes 13 have a zone of open
pennaceous texture up to 8 mm. wide at the tip. These

197.—Wing and tail contour feathers. These lack afterfeathers.

Ay primary remex 4 from a male Single Comb White Leghorn
Chicken.

B, rectrix 1 from a male Single Comb White Leghorn Chicken.
This feather is shown at a smaller scale than the others in this series.
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feathers resemble certain of the more proximal upper median
and minor secondary coverts.
The shaft is bent from side to side along its length, and this
curvature changes through the series of coverts. In the outermost covert (No. 1), the shaft bends concavely (away from
the wing tip) at the base of the rachis, and than convexly
(toward the tip) about the middle of the rachis. The rachis is
straighter in the next seven or eight feathers, but it retains a
slight concave bend at the base. In the remaining coverts,
the entire shaft is weakly curved concavely. The curvature of
the shaft helps to distinguish the innermost major coverts

from more anterior coverts, which have straighter shafts.
Variations in curvature make it possible to place the location
of the major coverts on the ulna within four follicles.
Upper median secondary coverts
Length: 75 to 95 mm.

Downy part: 22 to 31 percent

The trend of reduction in overall size continues from the
major to the median row of coverts (fig. 195). In addition^
the median coverts have a relatively larger downy portion
and more rounded edges on the pennaceous portion. The
three innermost feathers of the series have a zone of open

198.—Variation in the form of barbules on the inner vane of a secondary remex from a Single Comb White Leghorn
Chicken. The lettered dots on the drawing of the whole feather indicate the locations of the drawings of the barbules.

FIGURE
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TABLE

18.—Length of upper major secondary coverts of the
Single Comb White Leghorn Chicken^
Feather
(No.)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Total
length

Length of
calamus

Millimeter
118
120
120
121
121
117
117
114
110
109
107
105
93
86
88
71

Millimeter
18
20
20
20
21
19
18
17
17
17
16
14
12
11
11
7

Downy
part
Percent
21
20
22
20
21
21
20
21
22
24
22
24
27
31
30
37

' Measurements are based on feathers of one male, at least 1 year
old. Coverts 17 and 18 were not found on this bird.

pennaceous texture at the tip. The afterfeather is a cluster
of umbilical barbs in the outermost feathers, but proximally
along the row it is transformed into a small aftershaft with
barbs.
These feathers can be distinguished from the innermost
major coverts by their straighter shafts. They can be distinguished from similar body feathers (such as those on the
pectoral tract) by the relatively shorter downy part, closer
knit pennaceous texture, and much smaller afterfeather. The
innermost median coverts do not seem to be distinguishable
from many marginal coverts on the forearm and humerais
and posthumerals on the upper arm.
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1. Total length is reduced. The feathers along the leading
edge of the prepatagium are among the smallest contour
feathers on the body.
2. The downy portion first becomes relatively longer
because its actual length remains the same while the length
of the pennaceous portion decreases. After a few rows the
downy portion becomes relatively (as well as actually)
shorter. The most anterior feathers are largely pennaceous.
3. Shape becomes triangular. Feathers also become
asymmetrical, each one curving toward the leading edge of
the wrist.
4. The zone of open pennaceous texture enlarges, particularly in coverts over the elbow, and then diminishes. This
zone disappears within three to five rows of the edge of the
prepatagium.
5. The aftershaft first becomes a little larger in relation to
feather length but then diminishes.
The coverts at the proximal end of the tract, lateral and
anterior to the humeral apterium, show different trends.
They become small but rounded, and the pennaceous portion
is loosely knit. They are transformed into semiplumes or
downs along the edge of the apterium.
The upper minor coverts and posteriorly placed marginal
coverts can be distinguished from dorsal and interscapular
feathers by their smaller size, shorter downy portion, and
smaller aftershaft. They differ from ventral cervical feathers
in having a large, distinct zone of open pennaceous texture.
They cannot, however, be separated with certainty from
feathers of the humeral tract (see p. 290). Most of the remaining marginal coverts can be distinguished from most
other feathers by their small size, triangular shape, and
predominantly closely knit pennaceous texture. The loosely
knit pennaceous feathers and semiplumes, however, are
identical with feathers on the sternal, femoral, and crural
tracts. At the other extreme, the narrowly triangular feathers

Upper minor secondary coverts, upper marginal
coverts of the prepatagium
Length: 16 to 75 mm.

Downy part: 4 to 35 percent

The upper minor secondary coverts are identical with
the marginal coverts just ahead of them in Single Comb
White Leghorn Chickens, though in most birds they differ
in size or color. These are typical body contour feathers,
without any traces of the structure of remiges as still seen in
the upper median secondary coverts (figs. 195, 199). The
vanes are widest at the region of transition from downy to
pennaceous texture, and they taper to a bluntly pointed tip.
Zones of normal and of open pennaceous texture are clearly
deñned; the line of demarcation curves concavely (toward the
rachis) and the open zone is as much as 12 mm. wide at the
tip. There is an afterfeather of the aftershaft type.
Proceeding anteriorly across the wing, the marginal coverts show the following trends :

199.—Upper marginal covert on the prepatagium
of a male Single Comb White Leghorn Chicken. Main
feather on the right, afterfeather on the left.

FIGURE
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on the leading edge of the prepatagium match the marginal
coverts on the hand and the alula.
These feathers in females are narrower in the middle
and, hence, less triangular near the tip; they have only a
narrow band of open pennaceous texture.

umbilical barbs. Upper alular coverts can be identified as
upper coverts on the wing by their size and shape. They
cannot be separated, however, from the marginal coverts
along the leading edge of the hand or the prepatagium.
Posthumeral tract

Upper alular coverts

Length: 33 to 69 mm.

Length: 21 to 47 mm.

Although the posthumeral tract is classified with the
humeral and subhumeral tracts, its feathers are more like
the innermost upper median secondary coverts and the
marginal coverts anterior to them (fig. 195). They are contour feathers with a varying proportion of normal and open
pennaceous zones. There is a small afterfeather with an aftershaft. The posthumerals grade anteriorly into the marginal
coverts beside the humeral apterium as the pennaceous

The upper alular coverts are narrow feathers that taper
along nearly straight sides from the base to a pointed tip
(fig. 195). Their vanes have a closely knit pennaceous texture
except for small zones of downy texture at the margins of the
base. The feathers curve downward along their long axis
toward the edges of the vanes and conform to the contour
of the alula. There is no afterfeather except for a few short

Downy part; 33 to 41 percent

Lateral body apteriun.
Under forearm apterium
Under forearm tract
Under prepatagial apterium
Under cubital apterium
Under marginal coverts
of prepatagi

Posthumeral tract ■
Subhumeral tract ■
Subhumeral apterium

Under minor secondary
coverts
Under median secondary
coverts
Under proximal secondary downs
Under major secondary coverts
Secondary remiges

Under marginal coverts of alula
Alular apterium
I

Under hand apterium
Under marginal coverts of hand

■Under minor primary
coverts
— Under major primary coverts
I

Primary remiges

• Under distal primary down

200.—Exploded view of feather tracts on the ventral side of the left wing of a Single Comb White Leghorn Chicken.
The under forearm tract and the under prepatagial apterium are not separable by this method of study (cf. fig. 71). See
legend for figure 190 for explanation of soUd and dashed lines; see note in legend for figure 181.
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portion of the vanes becomes smaller and more loosely knit.
It is not possible to distinguish between the posthumerals and
the nearby secondary or marginal coverts.
Under major primary coverts^ under carpal remex
covert^ under major secondary coverts
Total length: 32 to 70 mm.

Length of calamus: 5 to 9 mm.

Unlike the upper major coverts, the under major primary
and secondary coverts and under carpal remex covert are
similar throughout the series. Their orientation is unique in
that the underside of each feather (the side with the afterfeather and the groove on the rachis) faces away from the
skin. The under carpal covert is approximately rectangular
with a bluntly rounded tip. The bottom of its vanes is entirely
downy, but a little higher this texture becomes progressively
confined to the margins and vanishes at about one-third the
length of the vanes. The rest of this feather has a closely knit
pennaceous texture. There is a small aftertuft.
Proceeding from the under carpal covert outward on the
wing tip, the under major primary coverts increase in length
to about 72 mm. in coverts 2 to 5 and decrease to 35 mm.
in covert 10 (fig. 200). They become ovoid and asymmetrical
as the rachis curves toward the outer vane.
In the opposite direction along the forearm, the under
major secondary coverts maintain virtually constant size
throughout the row. Downy texture extends farther distally
along the margins, and even the tip becomes fuzzy, if not
actually downy.
All of these coverts generally resemble the upper primary
coverts and certain marginal coverts on the dorsal side of the
wrist. However, they can be distinguished from the upper
major primary coverts by the shorter calamus. The under
major primary coverts can be distinguished from the upper
minor primary coverts and the marginals of the wrist by their
shape and asymmetry. There do not seem to be good characters, however, for separating the under major secondary
coverts and the under covert for the carpal remex from the
upper minor primary coverts and nearby marginals.
Under median secondary coverts
Length: 33 to 35 mm.
Downy part:

ID

to 20 percent

Under median secondary coverts have a quality of feebleness that has not been observed in the feathers discussed
heretofore. The downy texture is light, because only a short
portion of each barb has fully developed barbules, the barbules are smaller than normal, and they do not project upward and downward on each side of a ramus as they do in
many other downy barbs. The pennaceous portion is lax,
owing to the reduction of the barbicels. As a result, the
barbs separate readily and the edge appears frayed. The tip
of the feather is bluntly rounded, and there are no zones of
different pennaceous textures (fig. 200). The afterfeather
consists of a few lightly downy, umbilical barbs.
The overall feebleness and the proportion of the downy
part distinguish under median secondary coverts from most
others. They resemble some feathers at the lower end of the
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crural tract but can be distinguished by the lighter density of
the downy part. They are identical, however, with some of
the marginal coverts on the underside of the wrist. These
coverts differ from the under minor primary coverts only
in their slightly greater size.
Under minor primary coverts^ under minor secondary
coverts^ under forearm tracts under prepatagial
apterium
Length: 16 to 33 mm.

Downy part: 12 to 18 percent

The under coverts are small versions of the preceding series
(fig. 200). The largest of them are the inner primary coverts,
and the smallest are the under forearm feathers. All are
symmetrical, with a more or less pointed tip. The inner
feathers in the row of under minor primary coverts have a
downy margin for some distance, like that described for the
inner under major secondary coverts. The after feather consists of a few umbilical barbs.
Small size, short downy portion, and loosely knit pennaceous
vanes mark these feathers as coming from the underside of the
wings. They can be separated from the under median secondary coverts by their smaller size, but they cannot be distinguished from many of the under marginal coverts. The
feathers on the under forearm tract are slightly smaller than
those of the under prepatagial apterium, but they cannot
be separated with certainty.
Under marginal coverts
Length: 13 to 38 mm.

Downy part: 10 to 100 percent

The under marginal coverts range from contour feathers
with only a few downy barbs to semiplumes (fig. 200). Their
shape ranges from narrowly triangular to broadly oval. As
in other feathers on the underside of the wing, the downy
texture is more sparse than that on contour feathers elsewhere. The pennaceous portion of the vanes is loosely knit
in some of these coverts, but it becomes firmer in feathers
close to the leading edge of the wing. Unlike many of the
upper marginal coverts, there is no demarcation of zones of
different pennaceous textures. Most of the under marginal coverts have only a small portion of downy texture at the base
and along the margins for a short distance. They have the
structure of semiplumes, however, along the anterior border
of the prepatagial apterium, and are largest at the proximal
end of the tract. Under marginal coverts are so variable that
there is no distinctive character or combination of characters
for them. Many of the contour feathers are recognizable as
coming from the wings because of their small size and triangular shape. They are indistinguishable, however, from the
preceding group of feathers and from upper marginal coverts
along the leading edge of the wing.
Subhumeral tract
Length: 16 to 70 mm.

Downy part: 11 to 25 percent

The subhumeral tract is the last of the three humeral
tracts (see also humeral tract proper and posthumeral tract).
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It bears contour feathers that are hghtly downy at the very
base and along the lower margin for a variable distance.
The pennaceous portion of the vane is loosely knit and easily
frayed in the midregion. At the sides of the curved tip in the
larger feathers there are faint zones of open texture created by
the reduction but not loss of barbules. The afterfeather is
composed of umbilical barbs.
The largest feathers of this tract are located in three
follicles in the middle of the posterior (or medial) row. The
feathers at each end of this row and those of the anterior
row are smaller. The latter adjoin marginal coverts of the
under forearm tract and down feathers of the prepatagial
apterium.
The large subhumerals can be identified by their size, the
relatively small, light, downy portion, and the faint open
pennaceous zone. The remaining feathers, however, cannot
be distinguished from many others on the underside of the
wing.
Female feathers resemble those of males. A long, narrow
feather from the posterior row and a short, rounded feather
from the anterior row are shown in figure 213, 16 and 1,
respectively.

Caudal Tracts
Rectrices
The rectrices resemble the remiges in size and general
structure. Certain of them are the largest feathers on a
chicken, not only in length but also in width. The calamus
and proximal portion of the rachis, however, are not as stout
as they are in the remiges. The central rectrices (pair No. 1)
are very distinctive in males because of their length and pronounced lateral curvature (figs. 197, B, and 201). They are
aptly called sickles or main sickles by poultrymen. When well
formed, these feathers curve over the tips of rectrices 2 and 3
and then hang downward beyond the rest of the tail; their
tips may even point forward. Unlike the remiges, these
feathers are flat; they have no downward curvature along

the shaft or toward the margins. Although these rectrices are
not overlapped except at the base, the vane closer to the
midline of the tail is the inner vane. The vanes are entirely
pennaceous except for a few downy barbs at the base, mostly
on the outer vane. There is an aftertuft. The feather is
widest near its proximal end, and tapers to about one-fourth
that span just before the bluntly pointed tip. The outer vane
is approximately three-fourths as wide as the inner; the
barbs are equally long on both sides, but they make a smaller
angle with the shaft in the outer vane. The barbs are closely
knit owing to the presence of large barbicels on the barbules,
like those on the remiges.
In poultry terminology, the remaining rectrices are known
as the main tail feathers. They are shorter but wider than
the central rectrices, the margins are more or less parallel,
and the tip is rounded. The outermost feathers, in fact,
increase slightly in width to a point near the distal end.
All these feathers are also curved toward one side, but in the
opposite direction from the first pair—they bow away from
the midline. The degree of curvature becomes greater in the
outer rectrices, but even there it is much less than the curvature of the first pair. Unlike rectrix 1, the barbs of the outer
vane in rectrices 2 to 8 are one-half to three-quarters the
length of the inner barbs. The vanes of rectrices 2 and 3 are
nevertheless of approximately equal width because the longer
(inner) barbs make a smaller angle with the rachis. This
situation agrees with that in the central rectrices in that the
angle is smaller on the concave side of the curve. In rectrices
4 to 8, the barb angle becomes equal on both sides of the shaft,
and the inner vane, having the longer barbs, becomes wider
than the outer.
The downy portions of the vanes extend farther along the
margins in rectrices 2 to 8 than they do in the first pair.
Except in the lowermost barbs, which are wholly downy,
there is an abrupt transition from pennaceous to downy
texture. This occurs progressively farther out on successive
barbs until the rectrices are entirely pennaceous. The afterfeather of these rectrices consists of umbilical barbs.

Dorsopelvic tract —
Uropygial eminence ■
Dorsal caudal tractDorsal caudal apterium
Upper median tail coverts
Distal down feathers of tail
Upper major tail coverts —
Rectrix

FIGURE

201.—Exploded view of feather tracts on the dorsal side of the tail of a male Single Comb White Leghorn Chicken.
See legend for figure 181 for note and explanation of solid lines.
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TABLE

19.—Length of rectrices of Single Comb White
Leghorn Chickens^
Total length
Length of
calamus

Feather
(No.)

1
2
3
4
5.
6
7
8

Male

Female

Millimeters
445
257
240
234
223
218
195
180

Millimeters
204
203
202
196
192
179
168
152

Millimeters
25
25
24
24
22
21
18
16

1 Measurements are based on feathers of one male and one female,
both more than 1 year old.

The rectrices can be recognized almost by their size alone.
The central pair resemble their upper major coverts, but
they can be identified by their greater length, smaller downy
portion, greater difference in width between inner and outer
vanes, and the bluntly pointed tip. The remaining rectrices
are conspicuously diiïerent from their upper major coverts
not only in length, but also in having a much less downy
vane and a much stiff er shaft. Rectrices 6, 7, and 8 show
some resemblance to secondary remiges but can be distinguished by their greater width throughout, particularly near
the tip.
The rectrices are shorter and less curved in females than in
males (table 19). The difference is not pronounced in the
central pair, which are only a little longer than the rest of the
rectrices and are only gently curved outward.
The central rectrices of the male Long-tailed Yokohama
Chicken are the largest of all feathers. With careful handling
and management to maintain growth in the follicles, these
birds can produce feathers 20 feet long.
Upper major tail coverts
Length: 95 to 345 mm.

Downy part: 6 to 39 percent

The upper major tail coverts in males vary with a span
of six foUicles, from long feathers resembling the central
rectrices to ordinary contour feathers (fig. 201). Starting
from the midline, the first four coverts curve laterally so
that they hang downward over the rectrices. They appear to
be in series with the main sickles (central rectrices). In
poultry terminology, they are called lesser sickles. The tw^o
outer feathers in males are inconspicuous and are known as
tail CO verts j as are all upper major tail coverts in females.
The first major covert on each side is a long, relatively
narrow feather that tapers to a point. There are small zones
of downy texture along the margins at the base, and there is
an afterfeather of umbilical barbs. The rest of the coverts
show the following modifications :
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1. Total length decreases.
2. Width of plumulaceous part increases throughout the
series. Width of pennaceous part increases in coverts 2 and 3
and decreases in coverts 4, 5, and 6.
3. Downy portion becomes larger as texture spreads
medially and distally by transformation of barbs.
4. Feathers become straighter.
5. Tip of vanes becomes rounded.
Coverts 1 and 2 may be mistaken for central rectrices but can
be recognized by their smaller size, vanes of nearly equal
width, downier base, and pointed tip. Coverts 3 and 4 can be
identified by their size, symmetry, and extent of downy
texture. Coverts 5 and 6 resemble the secondary remiges on
the elbow and their major upper coverts, but can be distinguished from them by their weaker shaft and wider vanes.
They can be told from pectoral feathers, which they also
resemble, by the absence of an aftershaft.
In females, these coverts range in length from about 92 to
154 mm. They are straighter and more nearly uniform than
in males.
Upper median tail coverts
Length: 114 to 195 mm.

Downy part: 24 to 35 percent

The transformations from the rectrices to the major tail
coverts are carried forward into the median coverts (fig. 201).
These feathers are structurally intermediate between the
major tail coverts and the last feathers of the pelvic tract.
They are known to poultrymen as tail coverts, being grouped
with all the major coverts in females and the two outer
major coverts in males.
The innermost upper median tail coverts in males are
shorter than the major coverts, yet they are still large
feathers. The vanes are symmetrical except that they hang
downward toward the outer side. There are relatively large
zones of downy texture at the proximal end; between them
and the rachis are narrow zones of pennaceouslike texture,
caused by the presence of curled-base barbules. The pennaceous portion of the vane is more transparent, and its
barbs are more easily separated, than in the major tail coverts and the rectrices. Their barbules are smaller overall,
and the distal barbules have narrower bases and fewer
booklets. The tip is bluntly pointed and bears a small but
distinct band of open pennaceous texture. The afterfeather
consists of a small aftershaft with about seven pairs of barbs
(total length, 25 mm.) and several umbilical barbs on either
side. In all these characteristics—proportion, textures of
the vane, structure of the barbules and the afterfeather—^the
upper median tail coverts resemble the pelvic feathers.
There is less variation among these coverts than among
the major coverts. Proceeding outward on the row, the
pennaceous portion becomes shorter and the tip becomes
more rounded. The rachis has a kink toward the midline,
beyond which point it curves gently in the opposite direction.
The kink is located approximately one-fourth the distance
along the rachis in the second covert and further distally in
the remaining coverts.
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The upper median tail coverts resemble certain upper
major tail coverts, secondary remiges on the elbow, pectoral
feathers, and pelvic feathers. They can be separated from all
of these, except possibly the last, by their size, proportion
of downy vane, bent rachis, and size of aftershaft.
There is no difference between the sexes in these feathers
except for slightly smaller size in females.
Dorsal caudal tract
Length: 15 to 43 mm.

The dorsal caudal feathers are situated between the pelvic
feathers and the upper median tail coverts but are not intermediate to them in form (fig. 201). Near or upon the lobes
of the uropygial gland are small, round to oval contour
feathers of lax texture (fig. 213, 5). These grade outward
into larger semiphimes and down feathers along the border
of the lateral caudal apterium. The feathers at the base of the
uropygial gland are about 15 to 22 mm. long, including a
calamus about 2.3 mm. Their rachis tapers sharply in the
proximal 1.5 mm. as several pairs of barbs branch off and
then tapers gradually for the rest of its length. There is an
afterfeather composed of an aftershaft and a few umbilical
barbs. The aftershaft is short, but its barbs are so long as to
reach the tip of the main feather. Barbules and texture of
the aftervanes match those of the vanes.
The texture of the contour feathers is intermediate between pennaceous and plumulaceous. The barbs are virtually
parallel to each other, yet they are loosely knit. Their
barbules are of a short, simplified downy type, except for a
small indistinct zone of reduced pennaceous barbules near the
tip of each feather. Even the reduced down vanules are flat
and narrow; their barbules are widely spaced and parallel
to each other, each stiffened by a small ventral flange. These
barbules are no more than 1 mm. long and have a base that
tapers into a long, stiff pennulum with faint nodes. Very
tiny nodal prongs are sometimes present. The barbules on
both sides of a ramus are alike. Lax texture results from the
spacing of the barbs and barbules and the characters of the
barbules.
The feathers on and near the uropygial gland can be identified by their size and microstructure. They resemble some
under marginal coverts of the wing, but do not have pennaceous barbules. The location of separate semiplumes and
down feathers cannot be determined. All these feathers in
females are identical with those in males.
Under tail coverts^ ventral caudal tract
Length: 65 to 112 mm.

Downy part: 30 to 50 percent

The feathers on the underside of the tail form a graded
series in their structure although they are separated into
tracts by an apterium. The under tail coverts and the
posterior feathers of the ventral caudal tract are typical
body contour feathers. The shaft bends away from the body
at the upper end of the calamus, and within a few millimeters
returns to its original orientation. At a further distance of

10 to 20 mm., it begins a long curve upward and then downward to the tip. The pennaceous portion of the vanes curves
downward toward the margin, with the result that the dorsal
surface of the feather here is strongly convex. The tip is
bluntly rounded or truncate and is marked by a narrow
band of open pennaceous texture. The downy portion is
notably soft and fluffy owing to the length of the barbs, the
prevalence of branched barbs, and the widely separated
planes of vanules on each side of a ramus. The afterfeather is
about one-fourth as long as the vanes (up to 26 mm.); it
consists of an aftershaft with numerous pairs of barbs, a few
of which are branched.
Anteriorly and medially in the ventral tract (toward the
vent) the feathers show the following changes :
1. Total length decreases.
2. Vanes become more downy. The pennaceous portion
shortens and loosens as its barbules became smaller and
simpler.
3. Downy barbs become shorter at the base of the vane and
cease to be divided.
4. Shaft becomes straighter.
5. Afterfeather becomes relatively longer (up to 40 percent of length of vanes) although actually a little shorter
(to about 18mm.).
These feathers grade into the semiplumes at the caudal end
of the abdominal tract.
The under tail coverts and the posterior feathers of the
ventral caudal tract resemble certain feathers on the interscapular, pectoral, and femoral tracts. They can be distinguished from all of these by the curvature of the rachis and
the pennaceous portion of the vanes. In addition, they differ
from interscapular feathers in the shape and texture of the
tip, and from pectoral feathers in the relatively smaller
aftershaft. The remaining feathers of the ventral caudal
tract are recognizable in a few cases by the curvature of the
vanes. Many of them, however, are indistinguishable from
loosely pennaceous feathers on the sternal, femoral, and
crural tracts.

Capital Tracts
Occipital tract
Length: 13 to 50 mm.

Downy part: 0 to 17 percent

The contour feathers of the occipital tract continue the
form of those at the anterior end of the dorsal cervical tract.
The exposed portion is narrow and almost straight edged,
about one-eighth as wide as it is long (fig. 202). The concealed
portion at the base is more than twice this width; the tip is
pointed. In the proximal half of the exposed portion, there is
a narrow, median zone of closely knit pennaceous texture. All
the rest of this portion of the vane has an open pennaceous
texture, with bare, glistening rami. The vanes are downy for
the basal 10 percent of their length, and even here, only the
portion close to the rachis is fluffy. The ends of the barbs
either are bare or are furnished with greatly reduced barbules.
There is a small afterfeather with an aftershaft.
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proximal end of the feather, close to the rachis, than it is
outside this area, just as in a typical contour feather. In this
case, the explanation is that the stylet barbules are larger and
more common in the basal zone than elsewhere.
The occipital feathers in females are like those in males
except that the zone of open pennaceous texture is narrower
and less distinct.
Coronal tract
Length: 5.5 to 18 mm.

202.—Contour feather from the occipital tract of a
male Single Comb White Leghorn Chicken. Left—feather
and afterfeather at the same magnification as used for
most of the other drawings in this series, to show comparative size. Right—same feather and afterfeather at higher
magnification to show structure. In each pair of drawings,
the main feather is on the right and the afterfeather is on
the left.

FIGURE

Anteriorly in the tract, the feathers show the following
trends :
L Feathers become smaller, particularly along the anterior
and lateral margins of the tract.
2. Downy portion is relatively a little longer in some
feathers, but it disappears from those at the very base of the
comb.
3. Pennaceous texture becomes entirely open.
4. Afterfeather maintains actual length and thus becomes
relatively very long—more than three-fourths as long as the
vanes in the feathers beside the comb. Barbs of the afterfeather become very short and sparsely furnished with
short, simplified barbules. Aftervanes are thus narrow and
have a texture like that of the vanes.
As a result of these changes, the anterior feathers of the
occipital tract are about 13 mm. long and less than 3 mm.
wide. They have an open pennaceous texture except in a
very small, sparsely downy area at the base. The afterfeather
is inconspicuous, in spite of its relatively great length, because of its narrow, open-textured vanes. All the barbules
are the stylet type—short, tapered processes without any
outgrowths. Some of them show a faint division into a longer
proximal segment and one or two shorter segments, which
are individual cells. These are so very similar, however, that
they cannot be considered a base and a pennulum. Other
stylet barbules do not show any differentiation whatever,
even in their reaction to stains or refraction of transmitted
light.
The open, pennaceous appearance of these little feathers
is created chiefly by the parallel arrangement of the barbs in
each vane and aftervane. This in turn depends on the stiffness of the rami, because there is no network of interlocking
barbules to hold them together. The texture is denser at the

The reduction of size and resimplification of texture noted
in the occipital tract continue in the coronal tract. Under
scrutiny, the larger feathers show two zones, but these are
not truly pennaceous and downy as seen in typical contour
feathers on the body. At the base of the vanes, close to the
rachis is a zone that might be termed quasi-downy, owing to
its small stylet barbules; the rest of the vanes might be termed
quasi-pennaceous, owing to the entirely bare rami. The
afterfeather is the aftershaft type and equals 25 to 60 percent
of the length of the vanes. It has only a very few stylet
barbules at the base.
The largest feathers in the tract are at the posterior end,
beside or even on the base of the comb. The smallest feathers
are at the anterior end Just above the superciliary tract. Thus
there are two gradients of decreasing size—posterior to
anterior and dorsal to ventral.
Frontal tract
Length: 3.0 to 15.5 mm.

The frontal feathers and anterior coronal feathers point
upward and outward at a steep angle from the surface of the
head. The range of size is nearly the same in frontal feathers
as in coronal feathers, but in the former, very small feathers
prevail. Structurally, they are also like the anterior coronal
feathers except that there are fewer barbs (as few as eight
pairs in the smallest feathers). Stylet barbules, widely spaced,
occur only in a small region at the base. The afterfeather
remains surprisingly large, 40 to 60 percent as long as the
vanes, although it too has fewer barbs and barbules. Except
for the distribution of barbules, these feathers resemble those
on the eyelids, the malar tract, and the rictus (fig. 203, A', C,
and£")The gradients of decreasing size and complexity are the
same here as in the coronal tract. The smallest feathers are
immediately in front of the eye, in the area where the frontal,
loral, and superciliary tracts meet.
Loral tract
Length: 2 to 4 mm.

When seen casually, the feathers of the loral tract appear
to be bristles because they are extremely short and slender.
Under magnification, however, they are revealed to have
several pairs of stiffly parallel barbs along the rachis, and
thus are greatly reduced contour feathers (like anterior
malar feathers E, E' in fig. 203). They have the form of a
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203.—Small contour feathers on the head of a Single Comb White Leghorn Chicken. The location of figures A through
E are indicated by letters on the drawing of the head. Drawings A to £" are made at the same scale to show relative size of
all feathers; drawings A', C, and E' are made on a larger scale to show details.

FIGURE

A and A', lower ocular tract (outer surface of lower eyelid).
B, ventral surface of earlobe.
C and C, upper ocular tract (rim of upper eyelid).

Z), anterior auricular covert.
E and E', anterior portion of malar tract between rictus and genal
tract.
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very slender brush because the barbs he close to the rachis
and the barbules are close to the rami. They project almost
perpendicularly outward from the skin.
An inconspicuous aspect of the diminution of feathers
from the occipital tract to the lores is that the rachis shrinks
in diameter more than the calamus. In the occipital feathers,
as in typical body feathers, the proximal end of the rachis is
as thick as the calamus. In the loral feathers, the calamus
is about 0.2 mm. in diameter, and the rachis emerging from it
is half this value or less. The vanes are formed by 6 to 10
pairs of barbs, the rami of which are slender, noncompressed
filaments. These bear short, undifferentiated, stylet barbules
on the proximal half or so of their length. The afterfeather in
some feathers consists of an aftershaft (with one or two barbs)
that is two-thirds as long as the vanes. Other feathers have
only a few umbihcal barbs and still others have no afterfeather at all. Barbs of the afterfeather have fewer barbules
than those of the main vanes. In females, the feathers of this
tract are more evidently contour feathers and less like
bristles than in males.
Superciliary tract
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Genal tract
Length: 1.2 to 4.2 mm.
The feathers close to the lower ocular apterium are identical with those of the loral and temporal tracts. Ventrally,
however, the feathers lose their bristlelike or brushlike appearance and are clearly seen to be reduced contour feathers.
They have flatter, relatively wider vanes than any feathers
we have described since the coronal tract. The rachis is
flattened and is noticeably narrower than the calamus. There
are 10 to 15 barbs on each side, the number depending on the
size of the feather. The lowermost five or six are widely
spaced and project outward, but the higher barbs are progressively closer together and directed at a smaller angle from the
rachis. Stylet barbules are present for a variable distance
along the proximal portions of the lowest four to seven barbs.
Some of the feathers have no afterfeather, whereas others
have three or four umbilical barbs that equal as much as onehalf the length of the rachis. These feathers project outward
from the skin at a moderately steep angle. They point more
or less posteriorly, but the exact direction varies through the
tract in such a way that each feather is parallel to the
curvature of the lower eyelid when open.

Length: 1.3 to 4.6 mm.
The superciliary feathers lie close to the skin and point
posteriorly. The anterior feathers are directed dorsally and
the posterior feathers ventrally, with the result that the
feathers throughout the tract are parallel to the curvature of
the upper eyelid. They are identical with feathers of the loral,
frontal, and upper ocular tracts except for their overall size
and the condition of their afterfeather (fig. 203, C, C). The
largest superciliary feathers are those along the border of the
coronal tract and the smallest are those nearest the upper
eyehd. The minuteness of the latter feathers may be appreciated by noting that they are each shorter than a downy
barbule on a typical contour feather. An aftershaft with one
or two pairs of barbs, about one-third the length of the vanes,
can be discerned in the larger superciliary feathers, but none
can be seen in the smaller feathers.

Temporal tract
Length: 0.9 to 2.1 mm.
The temporal tract holds some of the tiniest feathers on the
face. Grossly they appear to be bristles but are actually
feathers like those of the loral and superciliary tracts. The
feathers are conical instead of flat because the barbs point
downward and lie close to the rachis. Only a few stylet
barbules are present along the proximal ends of the rami.
There is no sign of an afterfeather. The feathers decrease in
size from the posterior portion of the tract to the eyelids.
All the feathers he close to the skin and point more or less
posteriorly. Those in the upper portion of the tract point
somewhat ventrally, like the superciliary feathers above
them. Those on the lower border of the tract point slightly
dorsally, like the malar feathers below them.

Malar tract
Length: 2.8 to 6.6 mm.
Two kinds of feathers are found on the malar tract in
males—those on the anterior portion surrounding the rictus
(fig. 203, E, E') and those on a posterior portion that is
mostly covered by the ear lobe. Examination of baby chicks
reveals that feathers on the anterior medial surface of the
ear lobe also belong to the malar tract. The feathers of the
anterior portion closely resemble adjacent genal feathers.
They project outward at a moderate angle and point downward and backward.
The transition to the second kind of feather takes place
within two or three follicles ventral to the anterior corner
of the eye. All the barbs at the base of the feather and most
of the more distal ones are lost. Any that remain along the
middle of the rachis are widely spaced and often unpaired.
Some feathers are so reduced that they consist of nothing
more than a shaft, but most of them have a few rami at the
tip. The length of any ramus is the same as that of a ramus
at the equivalent level on the shaft of a fully vaned malar
feather. This suggests that the barbs may have been worn off
by the ear lobe, yet the rachis does not show any signs that
barbs were formerly attached to it. Some rami along the
middle of the rachis have extremely small, simple stylet
barbules at their proximal ends, but those at the tip of the
rachis are bare. There is no afterfeather. The sum of these
characters is a feather that looks almost identical with a
filoplume. Pterylosis, however, provides two pieces of evidence
that the feathers of the malar tract are not filoplumes. First,
the follicles for these feathers are clearly in series with those
of the anterior malar feathers, and the feathers themselves
intergrade. Second, the feathers that resemble filoplumes are
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each accompanied by a pair of true filoplumes. They appear
to be a special type of contour feather, and may be known
as pseudofiloplumes. They point somewhat posteroventrally,
hke the anterior malar feathers, but project more perpendicularly from the skin. Shorter feathers of the same type
are present on the anterior medial surface of the ear lobe.
Female Single Comb White Leghorn Chickens have feathers
of the first type over the entire malar tract, without any
tendency toward pseudofiloplumes.
Ricial tract
Length: 1.8 to 3.1 mm.

There are no rictal bristles on a White Leghorn Chicken.
The feathers that at first seem to fit this category actually
belong to the upper anterior branch of the malar tract;
they are small, simple contour feathers as described above,
not bristles. The rictus is bare except for a few feathers
at its posterior corner (figs. 11, p. 18, and 54, p. 99). The
smallest of these have a brushlike appearance like the
feathers on the loral tract and the anterior end of the malar
tract (fig. 203, E, E'). The larger feathers have flatter, wider
vanes like those on the malar and genal tracts. There is no
afterfeather. Rictal feathers point posteroventrally and project outward at a steep angle.

Ocular tract {upper and loir er)
Length: 0.8 to r.2 mm.

Two kinds of feathers are present on the ocular tract,
though each is structurally the same on both lids. The
feathers project posteriorly and outward; those of the upper
hd slope dorsally and those of the lower lid slope ventrally.
The outer surface of the lids bears conical, brushlike feathers
(fig. 57, p. 100) like those on the loral, temporal, and upper
genal tracts. When cleaned and unfurled, their structure as
simplified contour feathers is revealed (fig. 203, A, A', and
C, C). They become still smaller and further modified in the
rows near the rim of the eyelids. In a 1.0-mm. feather, the
calamus is about 0.2 mm. long and nearly as thick. It contains
only one or two pulp caps, the lower of which is very thick and
reflects the contour of the feather papilla in the follicle. The
rachis juts upward from the calamus and then curves downward to the tip. It arises from approximately one-fourth the
circumference of the calamus but tapers rapidly as three to
ñve barbs branch off on each side. The conical shape of the
feather results from strong downward curvature of the rachis
and transverse curvature of the vanes. The rami are short,
thick, and set at a small angle from the shaft. They carry
stylet barbules that are surprisingly well developed
in that they have distinct cells and tiny nodal prongs.
Barbules continue to the tips of the barbs, although distally
they are smaller, simpler, and closely appressed to the ramus,
all the way to the tip. The afterfeather equals two-thirds or

more the length of the main vanes and is variable in structure.
In some feathers it consists of a very short aftershaft with a

few long, irregularly branched barbs. Other feathers have one
to three umbilical barbs, with or without an aftershaft.
On the rim of the eyelids is a row of eyelashes (cilia), the
smallest feathers on a chicken (fig. 57). They consist solely
of a short calmus and a bare rachis about nine times as long
as the calmus. One pulp cap can be seen inside the calamus.
The rachis is a sk-nder filament that swells slightly from the
proximal end and then tapers to the tip. Eyelashes sometimes
appear to be situated between the last little contour feathers,
but they are actually in a row beyond them. Tlie morphology
of the eyelashes and the fact that they do not accompany
contour feathers show that they are bristles, not filoplumes.
Eyelashes are in fact the only true bristle feathers on a
chicken.

Auricular tract
Length: 2.5 to 17 mm.
The auricular feathers together form a patch of dense
plush that contrasts with the ear lobe below and with the
small, widely separated feathers of the genal and malar
tracts in front. The auricular tract is less conspicuous in
females, where the posterior malar and genal feathers grade
mto it. The gross appearance of this tract results not only
from the texture of the individual feathers, as may be expected, but also from the close spacing between them—as
little as 0.2 mm.
As in other birds, the feathers around the anterior half of
the tract are much larger than those on the posterior half.
The anterior ear coverts (opercular feathers) point posterodorsally across the external ear opening and rest on the tips
of the posterior ear coverts (fig. 55, p. 99). Distinctive
characteristics of the anterior coverts are obovate shape and
wide spacing between the barbs (fig. 203, Z)). The calamus is
slightly more than 2 mm. long—nearly as long as that in
many body contour feathers. It represents approximately
18 percent of the length of the shaft and is thus relatively
longer in these feathers than that in all other feathers of a
chicken, except for the flight feathers and their major upper
coverts. The rachis and vanes curve downward to the tip,
and the vanes also curve downward slightly along the margins. The barbs are parallel and become progressively longer
as far as the middle of the rachis, beyond which they shorten
and project at a gradually diminishing angle. In some coverts, there are long stylet barbules on the proximal portions
of the rachis and its barbs. Other feathers are bare here, but
have small, simple st3dets in the axils of the junctions between the rami and the rachis. Curiously, larger, more
differentiated stylet barbules occur along the distal portion
of the barbs near the tip of the feather. They appear to be a
device for enmeshing these feathers with the posterior coverts, their props. The afterfeather eciuals about 70 to 90
percent of the length of the main vanes. Its aftervanes are
unusually narrow because their barbs lie right beside the
aftershaft. These barbs are tapered filaments that resemble
simple stylet barbules because they lack barbules. The long
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aftershaft, possibly stiffened by the rami, may serve as
support for the main part of a feather.
An abrupt change can be seen in the feathers along the
anterodorsal and posteroventral segments of this circular
tract. Feathers of the innermost row are reduced to about
5 mm. or a little less than half the length of the anterior
coverts. Length diminishes to about 3.5 mm. in the next row
and 2.5 to 3 mm. in the outermost row. These posterior ear
coverts are not merely small versions of the anterior ear
coverts for they are modified in relation to their own function.
They stand almost perpendicularly though the tips bend
posteriorly (i.e., ventrally with reference to the rest of the
feather). The vanes are approximately oval and are composed of widely spaced barbs. A distinctive feature of these
feathers is the stoutness of the rachis and the rami, even to
their tips. These parts are at least twice as thick as those in
other facial feathers of equal size. Also unusual are the
diverse barbules. Some of them are small; simple stylets ver}^
close against the ramus. Others are larger and are differentiated into a few cells that each bear one or two long nodal
prongs; these barbules project from a ramus at irregular
angles. The afterfeather is approximately one-half as long
as the main vanes and is a simpHfied version of that on the
anterior ear coverts. It consists of a slender aftershaft with
a few, short rami.
Most contour features are constructed and arranged so
as to cover and insulate the body. Most of their regional
variations are related to local conditions of topography and
mobility. The auricular feathers, however, provide a good
example of multiple adaptations for a special function—
screening the external opening of the ear. The screen itself is
made of the crisscrossed, widely spaced barbs; the broad tip
of the feathers enlarges their coverage of the opening. The
length and posture of the anterior and posterior coverts
enable the former to be propped up by the latter. The absence of barbules over much of the area of the vanes in an
anterior covert makes for a more open mesh, while the
barbules at the tips of the barbs can engage in the posterior
coverts. Added support for the main part of an anterior
covert may be provided by its long afterfeather. The posterior
coverts are adapted for their role by their bent tips, stiff
rachis and rami, and numerous thorny barbules.

Interramal tract
Length: 3.0 to 5.6 mm.

The interramal and submalar tracts are classed with the
ventral tracts of the body, but their feathers are described
here because they resemble others on the head. The feathers
of the interramal tract are small, simple contour feathers that
increase in size from anterior to posterior through the tract.
Those along the midline point posteriorly, whereas those on
each side point posterolaterally. The most anterior feathers,
just behind the mandibular symphysis, have only four or five
tapered rami with blunt tips on either side of the rachis.
The lowermost barbs come off at a relatively higher level

309

than usual above the superior umbihcus. The rachis is a
cylindrical filament; there is no afterfeather.
The following changes are seen in the more posterior
feathers compared with the anterior ones :
1. Barbs become longer and more numerous, though still
widely spaced. The vanes become wider and more rounded.
2. Barbules appear on the rachis and the proximal portions of the lower barbs. The first of these are the stylet
type and are then transformed to the reduced down}^ type,
3. A short aftershaft with two or three pairs of long barbs
develops. The afterfeather comes to equal half the length of
the main vanes.
Submalar tract
Length: 5.3 to 11 mm.

The submalar feathers continue some of the trends noted
in the interramal tract. Those in the area between the
wattles become longer and wider, yet they remain unusually
flat. Because of their stiff, nearly parallel barbs, the texture
resembles that of loosely knit pennaceous vanes, although the
barbules are still the simplified downy type. Posteriorly in the
tract, the texture becomes more dense as barbules extend
farther along the rami and to more distal barbs. Rachidial
barbules appear along the rachis and grade into the barbules
on the rami. The afterfeather remains at about the same
actual size as in the interramal feathers, and thus becomes
smaller in relation to the main vanes. The feathers at the
posterior end of the tract resemble those on the ventral
border of the ear lobe (fig. 203, B). This same structure
continues into the most anterior feathers of the ventral
cervical tract. A short distance behind the level of the
posterior border of the ear lobe, there is an abrupt change to
the type of ventral cervical feathers described previously
(p. 283).
The submalar tract also extends laterally onto the medial
surfaces of the wattles. The feathers become smaller and
simpler, much like those of the interramal tract, but narrower.
Many of them are distinguished by the bare portion of the
rachis, proximal to the lowest barbs. There is no sign of an
afterfeather.
All the feathers on the head can be recognized as such by
their small size and simple structure in comparison with
body contour feathers. Certain of them have conspicuous
features, which permit more specific identification—anterior
ear coverts (obovate shape, widely spaced barbs, long afterfeather), posterior ear coverts (stout rachis and barbs,
thorny barbules), ocular feathers (tiny, conical, with stylet
barbules), eyelashes (tiny, simple bristles), and interramal
and submalar feathers (flat vanes, bare proximal portion of
rachis, reduced downy barbules). The other feathers are
harder to identify because they lack highly distinctive characters, and because they grade from one tract into another.
Most of them can still be located fairly closely, if necessary,
by the combination of features that includes size, shape and
curvature of the vanes, nature and distribution of the
barbules, and relative size and structure of the afterfeather.
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Semiplumes
Distribution and gross appearance
Length: 40 to 105 mm.
Semiplumes are more uniform than contour feathers and
are therefore discussed as a whole category. They are alike in
both sexes except that they are smaller in females. They are
numerous on a chicken, occurring in the following tracts:
dorsal and pelvic—along borders; pectoral—along borders;
sternal—throughout, mostly in posterior half; medial
abdominal, lateral body, femoral—along borders; and
crural—much of the upper half of the lateral surface and a
small area near the upper end of the medial surface. The
follicles are always in rows and are often in series with those
for contour feathers. The transition between the two types of
feathers is either abrupt, as along the dorsal and pelvic
tracts, or gradual, as on the femoral tract.
The largest semiplumes are along the posteroventral
border of the femoral tract, close behind the last row of
long contour feathers. Most semiplumes on a fully grown
male Single Comb White Leghorn Chicken measure 45 to 70
mm. Slightly smaller feathers occur at such places as the
borders of the dorsal tract and adjacent borders of the
femoral tracts. The minimum size for semiplumes in such a
bird appears to be about 40 mm. because plumulaceous
feathers below this size are generally down feathers.
The shaft of a semiplume curves downward slightly toward
the tip but does not curve sideways. The calamus accounts
for about 6 percent of the shaft, and it varies little in relative
length. It is straightsided except for a taper at the lower end,
and it contains approximately 13 pulp caps. The rachis is
opaque white for the proximal 40 to 60 percent of its length.

204.—Semiplume from the abdominal tract of a
male Single Comb White Leghorn Chicken. Main feather
on the right, afterfeather on the left.

FIGURE

owing to the presence of air-filled pith cells, and it is nearly
as wide as the calamus. Near the distal end of this segment
the rachis becomes much narrower and more transparent.
Since this portion is inconspicuous, the rachis may appear
to be shorter than it is, and feathers that are actually semiplumes may be classified as downs. It may be recalled that
these types are distinguished according to the relative lengths
of the rachis and the longest barbs. The rachis is longer
than the barbs in a semiplume (fig. 204) and shorter than
those in a down feather.
Semiplumes vary from rectangular (along the border of the
dorsal tract) to semicircular (on the lateral body tract), but
they are most commonly obovate (on the femoral, crural, and
pectoral tracts). Except for the tip, they are the same shape
as the downy part of nearby contour feathers. The transition
from one type of feather to the other involves only the formation or loss of a pennaceous portion of vane beyond the downy
portion.
Semiplumes have afterfeathers that are about one-third
to one-half as long as the main vanes. The aftervanes are
narrow in relation to their length, and the aftershaft reaches
nearly to their tip (fig. 204).
Variation in downy texture
At this point we can discuss the variation in downy texture
throughout the feathers of a Single Comb White Leghorn
Chicken. Even a superficial examination of contour feathers,
semiplumes, and down feathers reveals that the downy
portion is flufi^ier in certain places than in others. In contour
feathers at the upper end of the dorsal cervical tract, it is
small and weakly fluffy. It becomes highly fluffy in the lower
end of this tract and in the interscapular tract. Contour
feathers of the dorsal and pelvic tracts have a dense, compact
downy base, whereas semiplumes along the borders have a
looser texture. Semiplumes and the bases of contour feathers
at the posterior end of the pelvic tract are highly fluffy.
Ventral cervical and pectoral feathers are highly fluffy.
Feathers in the sternal tract increase in fluffiness from the
anterior to the posterior part of this tract and in the medial
abdominal tract. The semiplumes and downs of the lateral
abdominal tract are still more loose and fluffy. The bases of
the humeral feathers are highly fluffy. The upper side of the
wings, the bases of the anterior marginals of the prepatagium,
the coverts and marginals of the hand, and all the remiges are
weakly downy. The posterior marginals of the prepatagium
are moderately fluffy, and the bases of the secondary coverts
as well as all the remigial down feathers are highly fluffy.
On the under side, the under forearm feathers and the proximal remigial downs are moderately fluffy; the plumulaceous
texture elsewhere is weak. Semiplumes and downs of the
lateral body tract are highly fluffy. On the femoral tract,
semiplumes and downs in the anterior portion are dense and
moderately fluffy. Posteriorly, the semiplumes and bases of
contour feathers remain dense but become highly fluffy.
Crural feathers are moderately plumulaceous at the upper
end of the tract but become less so toward the ankle; those on
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■ Reduced downy barbules

Ramus

Rami of long, randomly oriented,
downy barbs:
Branched
Unbranched

Angle of vanule

Ramus

Ramus of short, parallel, downy barb
Planes of downy barbules:

L

upper
Lower
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FIGURE

205.—Secondary factors that affect downy texture in feathers.

A and D : Length of barb and of barbule ; A, long barb with barbules
that are reduced distally; D, short barb with barbules that remain
at full length distally.

than that on the proximal side; B, angle of distal vanule is 37°;
E, angle of proximal vanule is 23°.

B and E: Expansion of the vanules (i.e., angle between the planes
of the barbules); the angle on the distal side of the ramus is larger

C and F\ Orientation and branching of barbs; barbules not shown
for the sake of clarity.

the external surface are denser than those on the internah The
bases of both upper and under tail coverts are highly fluffy.

one axis or more. Their arrangement is most regular in dense,
flat vanes at the proximal end of semiplumes like those on the
abdominal tract, or in contour feathers like those on the
dorsal tract. Seen from above or below, the downy barbs resemble pennaceous barbs in that they project obliquely from
the rachis, and their barbules project obliquely from the
ramus (fig. 205, F). Distal barbules are approximately
parallel to the shaft, whereas proximal barbules are approximately perpendicular to it (fig. 205, D). Each barb is turned
on its long axis in such a way that the distal vanules lie
slightly above the plane of the vane, and the proximal vanules
lie slightly below it (fig. 207). As a result of these arrangements, the upper surface of the vane is formed by barbules
that point toward the tip of the feather, whereas the under
surface is formed by those that point toward the margin.
The under surface is flatter than the upper, owing to the
various angles and the overlapping of vanules on successive
barbs, Afterfeathers often show the same condition, except
that the upper side is flatter.
Downy barbs with branched tips occur in certain contour

Structural basis for downy texture
Downy texture is created primarily by the presence of
downy barbules, while its density and degree of flufñness
depend on five secondary factors, as follows :
1. Length of barbs.
2. Orientation of barbs.
3. Branching of barbs.
4. Variation in size of downy barbules along a ramus.
5. Vertical angles of barbules.
The length of barbs generally increases from the proximal
end to the distal end of a downy vane or the downy portion
of a contour feather vane (fig. 205, D, A). Flufíiness is enhanced as the barbs become longer.
Barbs of downy vanes are sometimes intertwined at
random (fig. 205, C), but more often they are oriented along
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feathers (fig. 187), semiplumes (fig. 204), and down feathers
(fig. 206, A). One branch is commonly divided again (fig. 206,
B). The barbules on these barbs alternate their direction
through a wide angle (fig. 206, C), resulting in highly expanded vanules and a very fuzzy barb. They are crowded
together at the forks in the ramus (fig. 206, D), but their
structure is entirely normal Branched barbs heighten the
fluffiness of a dowTiy vane because they increase the number
of fuzzy filaments at the margin.
The length of the barbules along a downy barb is either
virtually constant (fig. 205, D) or sharply reduced distally
(fig. 205, A), The longer the barbules are at the tip of a barb,
the denser is the texture of the vane.
Some dow^ny barbules project horizontally from a ramus,
but usually they project upward or downward. Successive
inclined barbules tend to point in alternate directions, thereby creating two planes in each vanule (fig. 207). Vanules
may be expanded up to an angle of about 50°, and the
greater the angle, the fuzzier the barb. End views of barbs

that are very fuzzy or moderately so are shown in figures 205
B and E, respectively. The angle of a vanule either remains
constant along a barb or diminishes from the proximal to the
distal end. The more constant this angle remains, the more
uniform is the texture of the vane.
These characters vary together in some degree to create
the different sorts of downy texture. As an illustration, we
can examine a semiplume from the anterodorsal corner of
the femoral tract. The barbs at the base of the vane have the
following characteristics as shown in figure 205, D, E: (1)
They are short, (2) they are not branched, (3) vanules are
either flat or expanded at a low angle, and (4) barbules continue at full size to the tip of the ramus. This combination
of features produces flat, compact vanes that are narrow in
relation to their length. Higher on the feather, the barbs
show the following characteristics as shown in figure 205, A,
B: (!) They increase in length, (2) they are not branched,
(3) vanules are expanded to an angle of about 15° to 30"" for
most of their length, and (4) barbules diminish toward the

Branched downy barb
Downy barbule

Ramus

Planes of downy barbules:
Upper
Low^er

Ramus

FiGUEE 206.—Branched downy barbs in feathers of Single Comb White Leghorn Chickens.
A, down feather from lateral body apterium.
T? .. . 1
..
. ,
1 TÎ t
1
.
,
ii, distal portion of a branched barb, showing a secondary division

C, diagrammatic cross section of a barb, showing the planes in which
alternate barbules project above or below the ramus: the distal side
of ^^e barb is on the right

of the right branch.

2>^ region of a division, at a higher magnification than in B.
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Planes of downy barbules on distal side of ramus:
Rachis -,

R

Planes of downy barbules on
proximal side of ramus:
Upper
Lower

FIGURE

207.—Orientation of rami and barbules of two downy barbs from a chicken feather. The feather is lying horizontally
and is seen obliquely from the dorsal side.

tip of the ramus and may vanish; as the barbules become
shorter, the vanules become flatter. These features make the
barbs moderately fuzzy at the proximal end but narrow and
thin distally. Hence, the vane is fluffy near the rachis but
loose and sparce around the margin. These two kinds of
downy barbs and the intergrades between them prevail in all
downy vanes of Single Comb White Leghorn feathers. A
third kind may be combined with them as in the under tail
coverts and semiplumes from the posteroventral border of
the femoral tract. The characteristics of these barbs, shown
in figure 206, B and C, are as follows: (1) They are long, (2)
they are branched, (3) vanules are expanded at an angle of
40° to 50°, and (4) barbules continue at full size to the tip of

TABLE

20.- - Secondary factors affecting characteristics of downy
texture in chicken feathers
Texture
Factor

Length of barbs
Orientation of barbs. . .
Branching
Variation in size of
barbules.

Expansion of vanules. .

Flat and
dense

Thick with loose
margin

Highly
fluffy

Short. . . .
Regular. .
No
Full
length
to tip
of
ramus.
0°"1,5° . . .

Long
Somewhat random...
No
Reduced toward tip. .

Long.
Random.
Yes.
Full
length
to tip.

1.5°-30° (down to 0°
at tip).

SO-'-ôO».

the ramus. The combination of these features makes the
barbs very fuzzy and increases the number of barbs at the
periphery of the vanes. As a result, the vane is highly fluffy,
the secondary factors that affect characteristics of downy
texture in chicken feathers are summarized in table 20.
From this table, it can be seen that the secondary factors
tend to vary together in creating different sorts of downy
texture.

Down Feathers
Distribution and gross appearance
Length: 12 to 60 mm.
Down feathers of a fully grown chicken will also be considered as an entire category because they are fairly uniform
on various parts of the body. They are identical in both sexes
except that they are slightly smaller in females. Natal downs
have already been introduced (ch. 5, p. 264) and are considered further in chapter 7. The locations of adult down
feathers are as follows: Lateral cervical apterium, scapular
apterium, pelvic apterium, pectoral apterium, border of
lateral body tract, lateral body apterium, lateral abdominal
apterium, humeral apterium, implanted in the walls of remex follicles on upper and under sides of wing, in the walls
of alular remex follicles on upper side of wing, dorsal side of
hand (a few isolated feathers), subhumeral apterium, under
forearm tract (lateral and medial), border of dorsal caudal
tract, and implanted in the walls of rectrix follicles on upper
and under sides of tail. In none of these places, except beside
the remiges, are the down feathers situated amidst contour
feathers. They occur mostly on the apteria; those found on
feather tracts, such as the under forearm tract, replace the
contour feathers and do not surround them. The follicles for
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208.—Down feather from the lateral cervical
apterium of a male Single Comb White Leghorn Chicken.
Main feather on the right, afterfeather on the left.

FIGURE

these downs line up with those for contour feathers elsewhere
on the tract, and the feathers themselves have a small pennaceous portion.
Semiplumes of a male Single Comb White Leghorn Chicken
vary in length from about 40 to 105 mm. ; down feathers, from
about 12 to 60 mm. The two kinds of feathers thus overlap in
the range of about 40 to 60 mm. Below this range, the rachis
is conspicuously shorter than the longest barb, and downy
feathers can easily be recognized as downs; likewise, above the
range the rachis is conspicuously longer than the longest
barb, and downy feathers can be recognized as semiplumes.

Filoplume

Within the range of overlap, the rachis and the longest barbs
are nearly equal, so they must be measured carefully to
classify a given feather. These measurements are not necessary outside the range of overlap, for here down feathers and
semiplumes can be distinguished by overall size alone. The
smallest downs occur on the underside of the wings, and
those beside the rectrices are nearly as small. The largest
downs are those on the lateral body apterium beside the
pectoral tract and near the lateral body tract.
The calamus is a simple straight tube 1 to 2 mm. long in
most adult down feathers, and 3 to 4 mm. long in the distal
and upper proximal downs beside the remiges. A rachis is
always present and it tends to be proportionately longer in the
larger feathers (compare figs. 206 and 208). An afterfeather
is also present, and commonly it is the same size and has the
same texture as the main feather (fig. 176, p. 267). In some
of the large lateral body downs the afterfeather is about
three-quarters to two-thirds as large as the main vanes. The
aftershaft, however, is moderately to extremely short, unlike
that of semiplumes. In the down feathers beside remiges, it is
minute and is accompanied by several umbilical barbs.

Downy harbs
The structure of downy barbs has already been discussed
in the sections on contour feathers and semiplumes. There is
less diversity in the barbs and the texture they create in

Midimmature
contour feather

Eye

Ear

Mature contour
Late immature
feather -^ contour feather —
FIGURE

209.—Contour feathers and filoplumes on the right side of the head (i.e., genal tract) of a Single Comb White Leghorn
Chicken. Compare with figures 54 and 55.
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Late immature filoplume:
Rachis
Basal barb

Mature filoplume
Midimmature, major
upper secondary covert
Cut end of calamus of
secondary remex

4.0 mm.

FIGURE

210.—Filoplumes around a secondary remex of a Single Comb "White Leghorn Chicken.

downs than in the two other types of feathers. In the prevalent type of barbs, the barbules are long (up to about 4.0
mm.) and the vanules are expanded to 30° to 40° for most of
their length; the barbules become shorter and the vanules
flatter near the tip of the barb. This structure creates a
moderately dense, thick vane with a loose, umbelliform tip
(fig. 208). Many down feathers have a shorter zone proximal
to this, where the vanes are narrower and more compact,
owing to short barbs with flat vanules. A feather from the
lateral abdominal tract of a female (fig. 213, 6) illustrates
a down with a broad, rounded margin and a short, narrow
base. The downs on the underside of the alar tract are short,
wide, and flat. They are mostly plumulaceous, of course, but
there are small zones of pennaceous texture close beside the
rachis. Highly fluffy vanes with branched barbs and widely
expanded vanules are rarely found on the downs of chickens.
Oil gland feathers
Length: 9 to 9.5 mm.

Down feathers are present at the tip of the uropygial
papilla around the openings of the oil ducts. Their calamus
is relatively long, for it is about 2.3 mm, the same as on the
basal feathers. It swells slightly from proximal to distal.
At the upper end, the calamus gives rise to a rachis about
1.5 mm. long and several umbilical barbs that are either
entirely separate or fused at their bases, as shown in figure
388, page 614. If only one cluster of barbs is present and it is

TABLE

21.—Length of filoplumes in adult male chickens
Length
Location

Malar tract
Upper eyelid
Occipital tract
Dorsal cervical tract—
lower end
Lateral cervical apterium..
Dorsal tract
Pelvic tract
Ventral cervical tract—
anterior
Pectoral tract—anterior...
Pectoral apterium
Sternal tract
Medial abdominal tract.. .
Lateral body apterium....
Humeral tract
Upper alar tracts
Under alar tracts
Remiges
Femoral tract—posterior
border
Crural tract—inner surface
Rectrices

Minimum

Average

Maximum

Millimeters
1.1
.8
18.0

Millimeters
1.5
.9
22.4

Millimeters
1.8
1.1
25.7

11.7
1.3
28.0
16.4

19.6
2.6
32.5
37.3

26.8
3.9
37.8
53.1

15.5
32.4
1.5
18.6
20.2
1.2
13.9
27.3
8.0
11.5

30.2
48.0
1.9
29.8
37.4
1 .5
22 .3
32,.7
18..1
27.0

41.5
54.0
2.6
36.9
44.5
2.0
30.4
41.1
26.0
43.5

30.5
12.6
12.7

34.2
24.8
25.3

42.2
38.9
40.0
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Contour feather
Filoplume

Neck of follicle

I

1

1.0 mm.

211.—Filoplume beside a contour feather on the
pelvic tract of a Single Comb White Leghorn Chicken.
The thickness of the filoplume can be seen to increase
distally.

FIGURE

situated opposite the rachis, it can be considered a hyporachis,
but in other cases it is futile to attempt this distinction. The
rachis and the fused portions of barbs are thin and relatively
wide; barbs split away at irregular intervals. If a feather is
soaked with oil, the barbs stick together and form a slender
brush with a truncate tip. Often, however, the feathers are
dry and the barbs radiate from the upper end of the calamus,
with the result that the vane is nearly semicircular. The
barbules have the same arrangement and structure as those
described in the feathers at the base of the papilla.

cervical apterium and the pectoral apterium are accompanied
by pairs of tiny filoplumes. Filoplumes are scarce on the
anterior two-thirds of the sternal tract, but pairs of them
become more prevalent posteriorly. Most of the feathers on
the medial abdominal tract have long single filoplumes,
whereas these are rarely present on the lateral abdominal
tract. Filoplumes are fairly common in pairs beside the upper
and under tail coverts, but there are none on the caudal
apterium and around the vent.
The feathers of the humeral and the dorsal alar tracts
are commonly accompanied by single filoplumes. On the
underside of the wing, filoplumes are scarce along the anterior margin but become more prevalent in the posterior rows of feathers. The coverts on the underside of the
remiges each have two filoplumes. Every remex and rectrix
has two to eight filoplumes spaced at uneven intervals around
it (fig. 210).
Tiny filoplumes are fairly common beside semiplumes
of the lateral body tract and down feathers of the lateral
body apterium. The occurrence of filoplumes on the femoral
tract is highly variable among mature male Single Comb
White Leghorn Chickens. In some individuals, filoplumes are
absent except in a small region behind the knee, while in
other birds they have been found with nearly all the feathers.
Still other chickens have shown various intermediate patterns
of distribution. Filoplumes are usually absent over the crural
tract, but in some birds they are common singly in zones
that extend from the knee to the ankle on the anteromedial
and posterior surfaces.
Filoplumes are situated within 0.5 mm. of the edge of the

Apical barb —

Filoplumes
Location
Filoplumes are found in association with contour feathers,
semiplumes, and downs on most parts of a chicken. They are
present, singly or paired, alongside the small feathers on the
head (fig. 209) and even on the eyelids. The cilia are not
filoplumes because they are situated in series with the contour feathers. Pairs of filoplumes accompany most of the
feathers in the tracts on the dorsal side of the body. They
tend to be less prevalent along the margins of the tracts.
Tiny filoplumes are present beside some of the down feathers
on the lateral cervical and the scapular apteria. Long filoplumes are very common at the posterior end of the pelvic
tract. There are no filoplumes on the pelvic apterium, the
uropygial tract, or on the caudal apterium.
On the underside of the body, filoplumes are uncommon on
the submalar tract and the anterior fourth of the ventral
cervical tract. Single or paired filoplumes accompany most
of the feathers on the remainder of the ventral cervical tract
and on the pectoral tract. Many of the downs on the ventral

Plumulaceous
barbules —
Intermediate barb

Rachis -

Basal barb
Calamus —

212.—Abnormal filoplume with intermediate barbs
from the wing of a Single Comb White Leghorn Chicken.
Since basal barbs are still attached, the filoplume has not
completed its development.

FIGURE
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213.—Feathers of a female Single Comb White Leghorn Chicken. The afterfeather for numbers 1 through 15 is on the
right of the main feather. No record was made of the afterfeather for number 16. All specimens are from birds that were
either 323 or 324 days old.

FIGURE

1,
2,
3,
4,
5,
6,
7,
8,

subhumeral tract, anterior row.
dorsal cervical tract, anterior end near midline.
dorsal caudal tract, anterior to nipple.
medial abdominal tract, anterior to vent.
femoral tract, upper anterior part.
lateral abdominal tract.
crural tract, external dorsal part.
pectoral tract, posterior end.

9,
10,
11,
12,
13,
14,
15,
16,

femoral tract, lower posterior part.
dorsal tract, anterior end at midline.
dorsal tract, middle at midline.
humeral tract, posterior edge.
pectoral tract, anterior end.
interscapular tract at midline.
dorsal cervical tract, midlength at midline.
subhumeral tract, posterior row.
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feather follicles that they accompany (fig. 211). They are
situated at the sides of the larger feather, though often somewhat anterior or posterior to it, except around the remiges
and rectrices.
Size
The length of filoplumes on an adult male Single Comb
White Leghorn Chicken ranges from about 0.8 mm., as
found on the eyelids, to about 54 mm., as found on the
anterior portion of the pectoral tract and the posterior portion of the pelvic tract. The variation in length within and
among tracts, based on the measurements of six specimens
from each area, is apparent from table 21. The filoplumes
of females have a maximum length of about 35 mm.
Structure
The structure of filoplumes from Single Comb White
Leghorn Chickens is very similar to that seen in other birds,
as described in chapter 5. Filoplumes from different parts of
the body are alike except that the smaller ones tend to have

fewer apical barbs than the larger ones; the minute filoplumes
on the eyelids sometimes lack barbs entirely. During the
growth of a ñloplume, at least 20 basal barbs may form,
some as long as the rachis. They break off from the rim of the
superior umbilicus after the feather sheath splits off. These
barbs may represent a temporary afterfeather ; after they are
lost there is no afterfeather of any kind on a filoplume.
The shorter basal barbs and a proximal portion of the
longer basal barbs bear typical downy barbules. Such
barbules diminish and disappear by the tip of the longer
barbs. The apical barbs are much shorter than the rachis
and are often no more than fine, bare rami. If barbules are
present, they are usually the stylet type, though downy
barbules that are only slightly simpler are sometimes present.
A few barbs can occasionally be found on the middle portion
of the rachis (fig. 212). These intermediate barbs, as they
may be called, have a typical downy structure but their
presence is considered abnormal. A much rarer abnormality
is a filoplume with twin rachises on a single calamus. Neither
can be considered a hyporachis because they are situated
side by side rather than at opposite points on the calamus.

BRONZE TURKEY
Body contour feathers of turkeys are generally characterized by their large size and their shape. The pennaceous
portion of the vanes is approximately an inverted triangle,
the base of which forms a broad, truncate tip to the feather.
Often the tip is slightly rounded or dihedral, in which case
the pennaceous part of the vanes is four sided. The exposed
portion is also unusually fiat; in some places it curves very
slightly downw^ard toward the tip and not at all toward the
sides. The shape of the tip and the flatness of the pennaceous
vanes appear to facilitate the raising and sliding of feathers
across each other, as occur in certain displays.
In wild Common Turkeys and domestic Bronze Turkeys,
the color of the pennaceous portion is a very distinctive
feature of the body contour feathers. Lowermost (and
partially concealed) is a zone of normal texture and dull
brown or black pigmentation. This grades upward into a
band that is nearly opaque to transmitted light and iridescent
bronze or purple under incident light (fig. 255, A, B, p. 408).
Feathers on the cervical tracts are iridescent to the tip, whereas those on the dorsal, interscapular, and humeral tracts
end in a narrow band of matte black. Although this zone and
the iridescent zone contrast sharply in color, they differ
only a little in density. The black band is, in fact, slightly

less opaque than the iridescent part. Some feathers on the
pelvic and humeral tracts have a narrow white band of open
pennaceous texture at the very tip. These variations in color
and texture depend on the structure and pigmentation of the
barbules, as discussed in chapter 7 on pages 407-409.
The downy portion of the vanes is approximately rectangular or ovoid. It attains a width that is slightly
greater than the pennaceous portion in most contour feathers
and is twice as wide as that portion in pelvic feathers. The
texture and its basis in the arrangement of the barbules are

similar to those previously described in chicken feathers
under, ^/Variation in Downy Texture.^^
The unusual feature of the downy portion is the presence
of barbules with rings that slide along the pennulum (fig.
214). Chandler (1916:340), who apparently discovered
these rings, indicated that they were typical of the downy
barbs of gallinaceous birds. We have found them on the
feathers of turkeys and the Ring-necked Pheasant (Phasianus
colchiciis), and Day (1966:213) reported them in Red Grouse
(Lagopus scoticus), Bhck Grouse {Lyrurus tetrix), and Gray
Partridge (Perdix perdix). We have not found them in Common Coturnix, and neither we nor Day have found them in
chickens. The rings thus seem to be unique but not entirely
characteristic features of galliform downy barbs.
Chandler's (1916:340) description of the downy barbules
of gallinaceous birds can appropriately be quoted here although it does not refer entirely to turkeys.
The base of these barbules is only slightly differentiated. The
pennulum on its more proximal portion has poorly developed
swollen nodes which, however, soon increase in size and develop
a typical ringlike form. Some of these rings frequentl}^, in fact
almost always to a greater or less extent, break loose from the
nodesj and slide along on the slender filamentous barbule like rings
on a wire, sometimes breaking up into groups of 5 or 6. It is possible to move them along on the barbules by placing them on a
shde and moving the cover glass. Toward the tip of the barbules
the riiighke structure is again lost, and the nodes become simply
swollen. On the proximal vanule these rings are usually not so
perfectly developed, and on the more distal portion of both vanules
the nodes become simply swollen, and shaped more or less like a
eucalyptus seed, with short prongs, or the barbule becomes almost smoothly filamentous, with indistinct nodes. The outside
diameter of the rings in Meleagris virginiana [ = M. gallopavo],
for instance, is about 0.012 mm., while that of the internodes of the
barbules is only 0.004 to 0.005 mm. The down at the baseof remiges

BRONZE TURKEY
and rectrices, and that of the aftershafts, never possess the ringlike structure.

The afterfeather on body contour feathers varies in length,
but always has a short aftershaft and is thus type 3. We have
not found any turkey feathers in which both the afterfeather
and its aftershaft are relatively long (type 2), as can be found
in chickens.
The following accounts of Bronze Turkey feathers refer
chiefly to those of adult males and point out the differences
in those of females. The measurements and proportions are
near-maximum values for the feathers of each tract. The
illustrations depict feathers of a male Beltsville White
Turkey, which are very similar to those of a Bronze Turkey
except in color. However, with the absence of color pattern
from the drawings, attention is focused on shape and textural
pattern.

Dorsopelvic Tract
Anterior portion
Length: 159 mm.

Downy part: 63 percent
Afterfeather: 63 mm.

Feathers of the anterior portion of the dorsopelvic tract
are approximately rectangular, with nearly straight sides
and a truncate tip (fig. 215). In cross section the rachis is
nearly circular with a very faint ventral groove only about
2 cm. long. On each side of the rachis in the downy part is a
distinct, narrow zone of open texture that is created by the
absence of barbules on the rachis and the proximal ends of the
rami. Proceeding distally along one of these barbs, there
appear curled-base barbules and then plumulaceous barbules.

1 mm.

FIGURE
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The angle between the vanules on the downy barbs varies
between about 20° and 60°.
The transition from the plumulaceous to the pennaceous
portion of the vane covers about 15 barbs. About 12 to 15 mm.
below the tip, the normal, closely knit, blackish-brown vane
grades into a band of special dense pennaceous structure and
iridescent purple-green. This band is 5 to 7 mm. wide and is
bounded, at the tip of the feather, by a matte black band of
equally dense structure.
Posterior portion
Length: 200 mm.

Downy part: 64 percent
Afterfeather: 58 mm.

Contour feathers in the pelvic portion of the dorsopelvic
tract are approximately oval, being widest in the middle of
the downy portion. They are slightly asymmetrical, for the
rachis bends toward the outer vane in the downy part, and
then back. Also, the inner vane in the pennaceous portion
is a little wider than the outer. The rachis remains as thick as
the calamus up to about the middle of the feather and then
it begins to taper. The downy portion is longer and wider
than that on the dorsal feathers, but the pennaceous portion
is the same size. The tip is basically truncate, but slightly
rounded. Below the white terminal band are a narrow black
band and a wide, iridescent bronze band.
Near the borders of this tract, the feathers become smaller
mostly by reduction of the pennaceous portion. This produces a feather about 113 mm. long with nearly straight
margins and a semicircular tip; it is plumulaceous except for
a wedge of pennaceous vane at the tip. Finally, along the
borders, are semiplumes up to about 102 mm. long.

fí.B eniiNO-

214.—Plumulaceous barb of a Bronze Turkey.

A, entire barb from the proximal end of a contour feather. The
bracket marks the region in which the barbules have rings.
B, C, D, and E, portions of a barbule from the bracketed region.

F, oblique view of a ring.
G, barbule showing locations of enlarged portions B through E.
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Interscapular Tract

Length: 122 mm.

Downy part: 44 percent
Afterfeather: 57 mm.

The feathers of the interscapular tract are broader and
relatively less downy than those behind them on the dorsal
tract. The pennaceous portion is tulip shaped owing to the
curvature of proximal barbs and the truncate tip.
These barbs tend to separate, causing the vanes to become
wider and somewhat diamond shaped. There is a narrow,
black, terminal band and a broader, bronze band below it.
Dorsal Cervical Tract
Length: 81 mm.

Downy part: 42 percent
Afterfeather: 37 mm.

The feathers in the dorsal cervical tract diminish in size
from the interscapular tract to the top of the head. The
plumulaceous portion is fluffier than it is on more posterior
feathers. Downy barbules are present right up to the rachis,
with the result that there are no zones of open texture as seen
elsewhere. The pennaceous portion is asymmetrical on
feathers away from the midline. The feather is decurved
slightly and the tip is truncate or gently rounded. The region
of the bronze sheen is not as dense as it is on the dorsal
feathers, and this band of color extends to the tip, without a
terminal band of black. In feathers farther up the neck, the
iridescence disappears, and the entire feather is dull blackishbrown.
The feathers of females tend to be a Httle larger than those
of males; they have a black terminal band and a narrower
bronze band than male feathers.
Ventral Cervical Tract
Length: 39 mm.

Down} part: 25 percent
Afterfeather: 30 mm.

The feathers of the ventral cervical tract have a relatively
shorter downy portion than any others on the trunk. There
are no open zones beside the rachis in this portion. The
pennaceous portion curves away from the midline of the body.
There is only a faint iridescent band across the tip.
Surprisingly, the ventral cervical feathers are much larger
in females than in males, measuring up to 93 mm. long. They
are shaped like the dorsal feathers except that the tip is
more rounded. Downward and lateral curvatures are pronounced, even in the plumulaceous portion. Open zones
created by the absence of barbules are evident within this
portion. Color is also more patterned than in male feathers;
the bronze band is tipped by a black band and finally a
white band. The white band has an open pennaceous structure
owing to the reduction of barbules. The rachis is as thick as
the calamus for a distance of about 30 mm., about two-thirds
of the length of the downy portion of the vanes. From here
it tapers sharply, reaching one-fourth of its original diameter

by the end of the downy portion. It tapers gradually throughout the pennaceous portion of the vanes. As a result, the
rachis is stiff in its proximal segment and flexible distally.
Feathers commonly break from wear at the distal end of the
stiff segment, leaving only a downy stub of a feather attached to the bird.
Pectoral Tract
In male turkeys, the size of feathers increases greatly
from the ventral cervical tract into the pectoral tract. The
pectoral tract contains contour feathers in the interior and
semiplumes at the periphery.
Con tour feathers
Length: 153 mm.

Downy part: 54 percent
Afterfeather: 47 mm.

Pectoral contour feathers are oblong with a broadly
pointed tip. They are slightly decurved and bent away from
the midline of the body. The downy portion is moderately
fluffy and has distinct open zones beside the rachis. The
outer pennaceous vane is narrower than the inner vane
because the barbs are shorter and they project more acutely
from the rachis. An iridescent purple-green band is bounded
at the tip by a band of matte black. These feathers can be
distinguished from those on the dorsal tract by their greater
width and the shape of the tip, which is broadly pointed
instead of straight truncate.
The pectoral feathers of females are as long as those of
males but narrower. The tip is rounded and is marked by
a wide band of open pennaceous texture. Proximal to it, the
vanes are of normal density without any extra-dense band as
in male feathers. Across the very tip of the vanes is a crescent
of white, whereas most of the open band is brown. The portion
of the feather below it, homologous to the iridescent area on
male feathers, is dull black. It is but faintly darker than the
rest of the vanes below.
Semiplumes
Length: 180 mm.

Downy part: 100 percent
Afterfeather: 69 mm.

The semiplumes are unusually long. They are also very
fluffy, owing to the length of the barbs and their barbules,
the presence of a few branched barbs, and a large angle
between the vanules. In the proximal half of the vanes, there
are zones of open texture beside the rachis. Distally, these
grade into narrow zones of pennaceous texture. In spite of
the pennaceous texture, it seems reasonable to consider the
feathers as semiplumes because they are predominantly
downy. Barbs in the distal haff of the feather have pennaceous
barbules for a short distance close to the rachis. These are
replaced by plumulaceous barbules, which in turn become
smaller and simpler near the tip of the barb. The semiplumes
of female turkeys are Hke those of males.

BRONZE TURKEY
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215.—Contour feather from the middle of the dorsopelvic tract of a male Beltsville White Turkey. Main feather on
the right, afterfeather on the left.

Sternal Tract
Length: 80 mm.

Downy part: 66 percent
Afterfeather: 37 mm.

The distinctive feature of feathers on the sternal tract
is that the rachis is very thick and stiff along its proximal
half. This is a more pronounced version of the condition
previously noted in the ventral cervical feathers of females.
The proximal half of the rachis is not grooved or even flat
on the ventral surface but bears a single median keel. As it
tapers, the rachis becomes compressed until, in the distal
third of the feather, it is reduced to a fine, flexible shaft.
The vanes are oval with a rounded tip. The downy portion
is moderately dense and fluffy, and the pennaceous portion

has a rather open-knit texture. The pennaceous part commonly breaks off at its proximal end, which is also the place
where the rachis changes from stiff to flexible. Many contour
feathers of this tract hence appear to be semiplumes. True
semiplumes are also present on the sternal tract (fig. 216) and
are described on p. 326.

Abdominal Tract
Length: at least 104 mm.

Downy part: 100 percent or
slightly less
Afterfeather: 51 mm.

Contour feathers and semiplumes are present on the
abdominal tract. The uncertainty about their maximum
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measurements results from the fact that in the birds examined
all the feathers were either immature or broken. Breakage is
so common as to be almost a characteristic of the abdominal
feathers. The rachis is stout for a proximal portion and
slender distally. It tapers more gradually than that in the
sternal feathers and it has a conventional groove on the
underside. Zones of open texture accompany the thick
portion of the rachis. The vanes are approximately oval.
The tip of the pennaceous feathers is truncate, and shows
a terminal, open-textured, white band. Below this are narrow
bands of black and bronze.

Femoral Tract
Length: 190 mm.

Downy part: 60 percent
Afterfeather: 30 mm.

Contour feathers and semiplumes are present on the
femoral tract. They are oblong or oval, with a broadly
pointed tip on the contour feathers and a rounded tip on the
semiplumes. Many of them are asymmetrical in that the inner
vane is slightly narrower than the outer vane, and the feather
curves dorsally. The small semiplumes are uniformly fluffy,
whereas the large semiplumes and the contour feathers are
fluffiest at the base and become flatter distally. In the fluffiest
portion, the barbules remain at nearly full size to the tip of
each ramus, and they project in a wide range of angles. In
the flatter portions, the terminal barbules are greatly
reduced, and they project at a constant angle. Some of the
semiplumes are nearly as large as the largest contour feathers^
and yet are notable for their slender shaft and dehcate
downy vanes. The afterfeather on all femoral feathers is an
aftertuft.

Crural Tract
Length: 68 mm.

Downy part: 47 percent
Afterfeather: 44 mm.

The contour feathers of the crural tract have broad, oval
vanes that show faint corners near the distal end. These
angles in the margin create a tip that is not rounded but is
slightly truncate. Zones of open texture produced by curledbase barbules are present beside the proximal portion of the
rachis, medial to the downy portions of the vanes. The
pennaceous portions are of normal texture near the distal portion of the rachis, but they become more loosely knit toward
the lateral margins.

Humeral Tract
Length: 158 mm.

Downy part: 56 percent
Afterfeather: 48 mm.

The feathers of the humeral tract are among the most
handsome on a Bronze Turkey, because of the iridescence
and graceful shape of the pennaceous portion. They are
approximately oblong, with slightly convex margins and a
broad, slightly pointed, truncate tip. The rachis, at its base,
is as thick as the calamus and tapers evenly to the tip. The
calamus is unusual; it is not entirely unpigmented but shows

faint streaks of melanin on the dorsal side. The downy portion of the vanes is highly fluffy; the vanules are expanded
and the barbules continue at nearly their fuU length to the tip
of the ramus, but the barbs are not branched. The pennaceous
portion has a sinuously curved lower border, created by the
curvature and the variation in lengths of the barbs. This
part of the feather is dull blackish brown except for an
iridescent band and a narrow black band at the tip (fig.
255, A, p. 408).

Primary Remiges
Length: At least 330 mm.

Calamus: At least 40 mm.

The primaries are large, relatively narrow feathers. The
largest ones in the series are numbers 3 through 8. They are
curved downward to a slight extent lengthwise and to a
moderate extent medially. Crosswise, the vanes are virtually
flat, without notches or a recurved margin. They are pennaceous except for a short downy portion at the proximal
end of the outer vane. The calamus and the proximal portion
of the rachis reach a diameter of 8 mm. in the largest remiges.
The dorsal surface of the rachis is nearly flat, whereas the
ventral surface has a well-developed groove along its full
length. In the proximal one-fourth of the rachis, the groove is
narrow and deep; distally, it becomes wider and shallower
and shows about four longitudinal ridges. These diminish
in number toward the tip. The ventral lateral edges of the
rachis are rounded proximally but in a short distance become
pronounced into low crests. The ventral surface of the rachis
thus has a ridged median groove and a pair of lateral crests.
In the outermost primaries, the groove is slightly asymmetrical in contour and distance from the crest, possibly an adaptation that aids in providing proper variation in the flexibility
of the shaft.
The outer vane is approximately one-fourth as wide as the
inner, owing to shorter barbs and a more acute angle between
the barbs and the shaft. Shiny zones along the underside of
both vanes cover up to three-fourths of the outer vane and
up to one-half of the inner. These are caused by expanded
ventral ridges (tegmina) on the rami. The flaps are narrower
than those on the primaries of ducks; they do not overlap as
much, and the resulting effect is less shiny.
The feathers are alternately marked with wide bands of
blackish brown and narrow bands of white. The bands are
uneven in their distinctness and direction. They are transverse at the tip of a remex but become oblique toward the
base. The downy barbs are pale buff and are not banded.

Secondary Remiges
Totallength: 340mm.
Greatest width: 61 mm.

Calamus: 55 mm.

The vanes of the secondary remiges are nearly equal in
width, and the tip is more rounded than that of the primaries.
The feathers are downy along a short proximal portion of the
border of the outer vane. A few of these downy barbs have
branched tips. No tegmen (expanded ventral ridge) is
present on the rami of the pennaceous barbs, and hence the
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216.—Semiplume from the sternal tract of a male Beltsville White Turkey. Main feather on the right, afterfeather
on the left.

feathers are not shiny on the underside. There is an afterfeather composed of a V-shaped row of closely set umbilical
barbs.

Upper Major Primary Coverts
Length: 148 mm.

Afterfeather: 25 mm.

The calamus of the upper major primary coverts is unusually long, accounting for nearly 40 percent of the total
length. It is tapered and slightly decurved (curved downward)
near the lower end. The feather plate is oval and relatively
narrow; the vanes are flat except along the margins, where
they are decurved. The barbs separate readily near their
tips, owing to the reduction of barbules, and the result is a
frayed edge. The aftershaft extends about two thirds the
length of the afterfeather.

Upper Marginal Coverts
of the Prepatagium
Length: 29 mm.

Downy part: 9 percent
Afterfeather: 10 mm.

The upper marginal coverts of the prepatagium are ovate
and have a bluntly pointed tip. They are bowed outward
longitudinally, and the vanes are decurved transversely. The
pennaceous barbs are very tightly knit together, with the result that the margins are entire.

Rectrices
Length: approximately 376 mm.

Downy part: 8 percent
Afterfeather: 42 mm.

The central rectrices are very large obovate feathers
with truncate tips. The vanes are equally wide and are virtually flat and straight. The feathers reach their maximum

width at the tip owing to the greater length of the subterminal
barbs. This more than compensates for the fact that these
barbs lie at a smaller angle to the shaft than those proximal
to them. The pennaceous portion of the vanes has a coarse
appearance, caused by the large size of the barbs. The barbs
in many places are separated all the way to the shaft,
apparently as a result of mechanical stresses, although the
barbules have well-developed flanges and barbicels. Downy
texture is confined to the umbilical barbs and the distal
portion of a few barbs at the base of the vanes. The base of
the vanes is matted and stringy (not at all fluffy because the
barbs and barbules are short), the barbules lie close against
the rami, and the nodes on the pennula are very small. The
feather is dark brown, speckled with lighter brown along the
edges. Near the tip, the speckles become concentrated into
narrow transverse bands. Beyond them is a wide, faintly
iridescent black band that grades into bands of light brown
and pale buff at the very tip.
The lateral rectrices are shorter and narrower than the
central ones. They are increasingly asymmetrical as the
outer vane becomes narrower than the inner vane.

Capital Tracts
Although the head of a turkey appears to be mostly devoid of feathers, it actually has extensive tracts. The naked
appearance of the head is caused by the small size of the
feathers and the wide spacing between them. Many feathers
are nearly hidden in the folds of skin between caruncles. Most
of them are bristles, semibristles, or at least contour feathers
with a spikey appearance of the barbs. Bristles and semibristles, it may be recalled, replace contour feathers in the
rows of follicles.
Feathers characteristic of the capital tracts are also found
in the anterior portion of the dorsal cervical tract as far as the
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lower border of the carunculate skin. The capital feathers
here are about 16 mm. long. As shown in figure 217, B, they
are semibristles with vanes like those of contour feathers on
the proximal half or less of the rachis. Beyond the last barbs,
the rachis is fine—hardly thicker than a ramus. The feathers
close to the midline have downy barbs at the base and pennaceous barbs above them. They have an afterfeather with
an aftershaft that is as long as the vaned portion of the shaft.
Feathers situated more laterally and anteriorly are bristles
with small vanes that appear as a dense clump of barbs, no
longer flat as in contour feathers (fig. 217, C). The barbs have
long stylet barbules at their proximal ends but are bare
distally. This arrangement repeats that of the barbs themselves and contributes to the reduction of distal and peripheral feather parts. As the vanes become smaller, the aftershaft
becomes larger until it equals nearly three-quarters of the
total length of a feather. It bears a few barbs with stylet
barbules at its proximal end. The relatively large aftershaft
on these and other bristles on the turkey head is very unusual.
We have examined many avian bristles and have found that
they usually lack an aftershaft, though they commonly have
umbilical barbs. In a few cases, an aftershaft is suggested
by a short protrusion of the rim of the calamus opposite the
rachis. The bristles of the Ocellated Turkey (Agriocharis
ocellata) resemble those of wild and domestic Common
Turkeys. They have an aftemhaft that is nearly as long as the
shaftj but generally have no barbs.
Bristles on the top of the head have small barbs and show
some reduction of the afterfeather. Those on the temporal
region (fig. 217, D) reach a maximum length of about 16 mm,
with an aftershaft about 9.5 mm. long. Similar bristles are
present near the midline as far as the forehead. Laterally,
on the supraorbital region, they are reduced to a length of
about 6.6 mm. (fig. 217, E). There are only two to four pairs of
short barbs, and these are sparsely furnished with long stylet
barbules. The aftershaft, however, is nearly as long as the
shaft, reaching a length of 5.8 mm.
The eyelashes, or bristles on the upper eyelids (fig. 217, F),
are only 2.2 mm. long and are thus the smallest feathers on
a turkey. The calamus appears to be swollen, for its diameter is
greater than that of the rachis. There is a dense basal cluster of
barbs, some of which ai-e about two-thirds as long as the rachis.
Though tiny, the vanes are dense, owing to the abundance of
stylet barbules. There is no aftershaft.
The bristles on the nasal region (fig. 217, G) resemble those
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on the upper eyehd. They are about 2.7 mm. long, and the
longest barbs are sometimes nearly as long as the rachis.
Stylet barbules are present on the proximal portion of the
barbs. There is no aftershaft.
Two forms of bristles occur on the snood. One, shown in
figure 217, H, has an aftershaft, whereas the other does not.
Both are as much as 10 mm. long, and the aftershaft, when
present, is nearly 9 mm. long. There are one to five pairs of
widely spaced barbs on the proximal third of the rachis. In
bristles without an aftershaft, the most distal barb may
reach to the tip of the rachis; being devoid of barbules, it
resembles an aftershaft. The tip of the rachis is commonly
swollen slightly or furnished with one or two very tiny barbs.
The bristles below and behind the eyes (fig. 217, I) are
similar to the aftershaft-bearing bristles on the snood. They
are up to 11 mm. long, with an aftershaft up to 10.5 mm.
long. Both the shaft and the aftershaft have a few widely
spaced barbs at their basal ends.
The general characteristics of bristles on the head of a
turkey may be summarized as follows :
1. Calamus is short, swollen, and unpigmented.
2. Rachis is black and tapered to a fine point,
3. Barbs arise along the proximal one-fourth or less of the
rachis. If there are only a few pairs of barbs, they are widely
spaced.
4. Barbules, if present, are mostly the stylet type. They
diminish distally along a barb and often disappear before the
tip, leaving a bare ramus.
5. As the number of barbs diminishes, so do the number
and size of the barbules,
6. An aftershaft is often present, and it may be almost as
long as the rachis; it sometimes bears a îew pairs of barbs.
The transition from a contour feather to a bristle as seen on
the head of a turkey involves the following changes:
1. Rachis becomes longer.
2. Barbs become fewer and may become spaced farther
apart.
3. Barbules become reduced from pennaceous type to
stylet type and may vanish.
4. Aftershaft generally becomes longer.
5. Bare portions of the rachis and the rami become black.
Those changes of the barbs and barbules start at the tips of
the rachis and the rami, respectively, and proceed proximally.
The ear coverts are similar to those in chickens and other
birds, and do not sho^v any tendency toward bristle forma-

217.—Feathers on the head of a male Bronze Turkey. The letters on the head of the turkey indicate the locations of
figures A through J.

anterior ear covert.
semibristle from anterior dorsal neck region at midline.
bristle from crown near midline, posterior end.
bristle from temporal region at midline.
bristle from supraorbital region.

F, eyelash (bristle) from upper eyelid.
<?, bristle from nasal region.
H, bristle from snood.
/, bristle from suborbital region.
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tion. The largest feathers are on the anteroventral portion
of the margin; they are approximately 10.8 mm. long. These
anterior coverts are broadly obovate, with widely spaced
barbs all along the rachis. Tiny stylet barbules may be
present, as shown in figure 217, A, but more often the rami
are entirely bare. The afterfeather consists of either a tuft
of umbilical barbs or an aftershaft up to 4.6 mm. long. The
posterior ear coverts are smaller than the anterior feathers
and they have narrow vanes. Their barbs lie close together,
projecting at a small angle from the rachis.

Semiplumes and Downs
Setniplumes
Semiplumes occur on the following tracts of a turkey:
dorsopelvic (lateral pelvic portion), pectoral, sternal, abdominal, lateral body, and femoral. They are also present
on the following apteria : ventral cervical, pectoral, and lateral
body. Their distribution is similar to that of the downs on
a chicken (described on p. 313), but is less extensive.
The largest semiplumes of an adult male Bronze Turkey
are those on the pectoral tract, about 180 mm. long. They are
broadly oval and have an afterfeather that is a little more
than one-third as long as the main vanes. Their texture is
very fluffy, owing in part to a large angle between the vanules
and the presence of a few branched barbs at the base of the
vanes.
Semiplumes nearby on the pectoral apterium and the
lateral body tract are the same shape but are only up to about
90 mm. long (fig. 218). They are moderately fluffy near the
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rachis but are flatter along the margin, especially near the
tip. Several pairs of barbs near the tip are oriented at a
regular angle from the rachis, like pennaceous barbs, but
they bear small, simplified downy barbules. The pennaceous
appearance is more pronounced where the tip of the feather
is broadly pointed, as in semiplumes on the sternal tract
(fig. 216). These feathers, like other semiplumes in this size
range, have an afterfeather that is about one-half to twothirds as long as the main vanes. The aftershaft is moderately
long.
The smallest semiplumes are on the ventral cervical
apterium, slightly less than 35 mm. long. They are moderately
fluffy throughout, owing to the flexibility of the barbs, the
long barbules, and the fact that the barbules project in all
directions around the rami. Their afterfeather is as long as the
main vanes or nearly so, and has a moderately long aftershaft.
Down feathers
Down feathers on a turkey occur only on the posterior
portion of the ventral cervical apterium, the lateral body
apterium, beside the remiges and rectrices, and on the tip
of the uropygial papilla. They are thus distributed much
less widely than on a chicken.
Down feathers on the ventral cervical apterium and the
lateral body apterium (fig. 219) are about 30 mm. long,
approximately semicircular, and not very fluffy. Their
proportions are close to those of semiplumes in that the
rachis is only slightly shorter than the longest barbs. The
afterfeather is about two-thirds as long as the main vanes
and has a moderately long aftershaft.

218.—Semiplume from the lateral body tract of a male Beltsville White Turkey. Main feather on the right, afterfeather
on the left.
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plumes is higher and much wider in a chicken than a turkey.
This means that it is easier to classify down feathers by size
alone in turkeys than in chickens.
Oil gland feathers
Length: 8.2 mm.

219.—Down feather from the lateral body apterium
of a male Beltsville White Turkey. Main feather on the
right, afterfeather on the left.

FIGURE

The downs accompanying the remiges and rectrices are
semicircular or kidney shaped. The upper down feathers of
the tail, the upper distal downs, and the proximal downs of
the secondary remiges are each about 32 mm. long; the upper
distal downs and the proximal downs of the primary remiges
are about half this size. In all cases, the rachis is slender and
is distinctly shorter than the shortest barb. An unusual
modification was seen in one upper secondary down in which
the rachis was wide and flat and was spht near the tip. Each
branch bore downy barbs along both edges. Downs beside
remiges and rectrices are moderately to highly fluffy because
barbs with branched tips are common, barbules are long,
and the barbules continue at nearly their full length to the
ends of the barbs. Their afterfeather is as large as the main
vanes and the aftershaft is as long as the rachis or nearly so.
The down feathers (except those on the oil gland) of a
turkey are from 17 mm. to 32 mm. long, whereas the semiplumes are from 32 mm. to 180 mm. long. The two kinds of
feathers seem to be in separate ranges, but probably there is
some overlapping in the region of 30 to 35 mm. This is particularly likely on the ventral cervical apterium. Downy
feathers smaller than 30 mm. can thus be taken as downs,
whereas those larger than 35 mm. can be taken as semiplumes.
Those in the intervening range must be measured carefully
along the rachis and the longest barbs in order to be classified.
The down feathers of a turkey vary in size much less than
those of a chicken (for data on the chicken see p. 314).
Surprisingly, the largest downs of a chicken are nearly twice
as large as those on a turkey. Semiplumes, on the other hand,
show a wider range of size in a turkey than a chicken. They
are both larger and smaller in turkeys than in chickens. The
range of overlapping size between down feathers and semi-

The little down feathers on the oil gland have a calamus
that accounts for about one-third of their length. It bears
four or five short projections spaced irregularly around the
superior umbilicus. Since they are approximately equal in
size, none can be designated as a rachis or as a hyporachis.
Short downy barbs arise from them and from the rim of the
calamus between them, forming a tuft. Their barbules are
rather short, and they do not vary much in the angle at
which they project from the rami.

Filoplumes
The filoplumes of turkeys have the same basic structure
as those of other birds. There are one or two filoplumes accompanying many contour feathers and four to six with each
remex. Pairs of them also accompany many bristles on the
head. Length ranges from about 2.7 to 4.6 mm. on most
body tracts, though a very few on the pectoral tract measure
13.4 mm. The smallest filoplumes are those on the head
(1.7 to 2.8 mm.), whereas the largest are those with the
remiges (9.3 to 18 mm). It is curious that these filoplumes
are smaller than those on a chicken.
Most of the filoplumes have one to three barbs on each side
of the distal end of the rachis. They are short and are furnished with reduced plumulaceous barbules. The filoplumes
on the head generally consist of no more than a shaft; it is
thickest just below the midpoint and tapers from there to
both ends. Occasionally there is a single short branch near
the tip, which may be either a ramus or a fork of the rachis.
The color of turkey filoplumes varies and often is unrelated
to that of the feathers they accompany. Those on the body
and wings are either entirely white or mixed white and grayish
brown. The rachis and barbs may show alternately pigmented
and nonpigmented zones, or one part may be pigmented
while the other is not. The pigmentation of the basal barbs,
which fall off when the filoplume is fully grown, coincides
with that of the rachis and the apical barbs. The filoplumes
on the head are entirely brown except for the calamus, which,
as usual, is not pigmented. Since these filoplumes accompany
all-black bristles, their color is again keyed to that of their
principal feathers.

BELTSVILLE WHITE TURKEY
The feathers of Beltsville White Turkeys are almost
identical with those of Bronze Turkeys in shape and structure. Their most obvious difference is their totally white
appearance, due to the absence of melanin. The pennaceous
portion of the vanes has a normal, closely knit texture
everywhere except at the very tip of certain feathers, where
there is a narrow band of open, pennaceous texture. The

pennaceous portion of the vanes has no zone of iridescence
and has extra-dense texture; the barbules in the region of
this zone are normal in structure. Certain feathers, such as
those of the dorsal tract, have a wider fringe of open pennaceous texture at the tip. Others, such as dorsal cervical
feathers, have a fringe that was not seen at all on Bronze
Turkey feathers. The flight feathers are equally long in both
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breeds, but many of the other feathers are as much as 25
percent shorter on Beltsville White Turkeys than on Bronze
Turkeys. Semiplumes at the posterior end of the sternal
tract are equally long in both breeds. However, they are

much wider and virtually circular in Beltsville whites
instead of oval as in bronze birds. The vanes are less densely
fluffy, especially around the periphery, where they are flatter
than in the center.

WHITE PEKIN DUCK
The feathers of White Pekin Ducks resemble those of wild
Mallards, the ancestral form, in nearly all respects; they
differ chiefly in being all white. The following account is
conñned to the distinctive features of duck feathers, particularly those that differ from chicken feathers. Duck
feathers from different parts of the body vary in size, shape,
textural pattern, and other properties, as shown by Hardy
and Hardy (1949: figs. 4, 6, 11). We have not attempted to
mention most of the variations, however, because the manner
of conducting such an analysis has already been shown for
chicken feathers.

Body Contour Feathers
Gross appearance
The body contour feathers reach a maximum of about
180 mm., the largest being those on the humeral tracts. Most
body feathers are oval or ovate with a bluntly rounded or
truncate tip. Feathers on the top and sides of the head are
obovate. The humeral tract feathers vary the most, particularly those near the outer border of the tract. The larger
(outer) feathers are strongly asymmetrical with the outer

vane the narrower. The shaft is rather slender, and in some
feathers the distal portion of the rachis is as fine as a ramus.
In the upper major tail coverts, the distal part of the rachis is
clear and colorless for a distance of about 45 mm. This effect
results from the fact that the rachis is composed only of
cortex, that is, without any pith that causes the normal
opaque white appearance. The same portion of the feathers
is curled upward and medially in males of the Mallard and
most domestic varieties derived from it. Since these coverts
are straight in females, they are an example of conspicuous
sexual dimorphism in feather shape.
The vanes of most feathers are downy in the proximal 20
to 40 percent of their length. This texture tends to be fluffier
and less dense and to show a more random arrangement of
barbs than in chicken feathers. The pennaceous portion of
the vanes is like that in chicken feathers except that marginal
zones of open pennaceous texture are narrower and less
clearly delimited. Chandler (1916:328) described the body
feathers of a Mallard as being "rather loose in structure,
due largely to the fact that bases of barbules lie in vertical
plane, leaving wide spaces between them." Feathers of
Mallards as well as domestic Pekin Ducks that we have
examined do not seem to be especially loose except in the
transition zone between plumulaceous and pennaceous parts
of the vanes. It is true that the bases of the barbules lie in
a vertical plane, but this is not unusual.
Downy barbs

220.—Contour feather from the middle of the dorsopelvic tract of a White Pekin Duck. The afterfeather of
umbilical barbs (aftertuft) and an outline of the calamus
and proximal end of the rachis are shown in the upper left
corner.

FIGURE

In a typical body contour feather, such as one on the back,
the lowermost barbs are entirely downy (fig. 220). Pennaceous texture appears beside the rachis a short distance
above and then spreads outward at higher levels in the vanes.
The narrow zones of pennaceous texture between the rachis
and the downy part of the vane on each side look like those in
chicken feathers. They are actually formed by pennaceous
barbules, however, rather than by curled-base barbules; the
latter do not occur anywhere in Pekin Duck feathers. At
about the same level as the change of texture near the midline,
the margins of the vanes start to become lax. This texture
occupies areas of the vanes closer to the midline at higher
levels, and eventually meets the zones of pennaceous texture
that have been expanding. At the point where they meet, the
downy texture ends. Higher on the vanes, the area of normal
pennaceous texture continues to expand as the area of lax
texture again becomes a narrow margin. The latter either
disappears or passes into a zone of open pennaceous texture.
The two kinds of texture are alike in that the barbs are not
interlocked, but they differ in that lax barbs (or portions
thereof) are more flexible and hence more randomly oriented
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FIGURE

221.—Plumulaceous barbules of a Mallard.

A, proximal portion of pennulum with very small nodes
B, intermediate portion with large nodes.
C, distal portion with small nodal prongs.

than open pennaceous barbs. On the other hand, lax texture
differs from downy texture in its openness and lack fuzziness
due to the reduction of barbules.
The downy barbs of duck feathers are generally fuzzier
than those of chicken feathers because the barbules project
all around the ramus instead of in a limited angular range.
The pennula actually bend in many directions although the
bases are attached to the sides of a ramus, as always. Because
of the shortness of the barbules and their radiation from the
rami, there is no overlapping of planes of vanules or regular
orientation of the barbules as in chicken feathers (pp. 278279). Downy barbs with branched tips or reduced terminal
barbules do occur in duck feathers, and they affect the
texture in the same way as in chicken feathers. The fuzziness
and random arrangement of ordinary barbs are important
factors contributing to the excellence of goose and duck down
for thermal insulation (Loconti, 1956).
The down barbules of a Pekin Duck are identical with
those of a Mallard (see fig. 221). They are about 0.7 mm.
long, about one-fifth as large as those on chickens and
turkeys. The base and pennulum are very fine, and most of
the nodes have either tiny prongs or none (fig. 221, A, E). The
distinctive feature of these barbules is the presence of one to
five large nodes near the tip of the pennulum. Each node
appears under low magnification to be a triangular swelling
pointed toward the base of the barbule (fig. 221, B, C). Under
higher magnification it can be seen to have four conical
prongs that each point outward and toward the tip of the
barbule (fig. 221, D). The few nodes distal to these are
smaller, but they are not quite as small as those at the basal
end. The expanded nodes are most numerous on barbules on
the lower barbs of a vane. According to Chandler (1916:329),
the number of enlarged nodes differs among genera of anseriform. birds. The differences may be useful for distinguishing
between downy feathers of ducks, geese, and swans. They do
not seem to be consistent enough for distinguishing among

D, node with large prongs from portion B.
E, two barbules showing locations of enlarged portions A through C.

genera of ducks, as Chandler suggested could be done. While
there is no significant difference between the downy barbules
of contour feathers and those of down feathers, the number
of enlarged nodes varies within both kinds of feathers.
Pennaceous barbs
The pennaceous barbs of contour feathers have no special
features, though the rami are thinner in ducks than in
chickens. The morphology of the cells in the ramus has been
described by Goepfert (1924) for the Domestic Goose (Anser
anser), Green-winged Teal (Anas crecca), and the Pekin
Duck. In order to study the pennaceous barbules we will
turn for a moment from contour feathers to remiges, where
they are most fully developed.
On the inner vane of a primary remex the distal barbules
have an extremely thin base bearing four lobate ventral teeth
with long tips. There are six very slender hooklets, the length
of which increases distally. As many as six ventral cilia, also
long and slender, point downward from the pennulum. As
many as four dorsal cilia are enlarged into stout friction
processes on some barbules of remiges.
Proximal barbules on the inner vane have a very thin,
slender base, and bear four or five ventral teeth. The first two
teeth are broad and blunt, and the rest are narrow and
pointed. Dorsal spines are small. The pennulum is shorter
than the base and carries two tiny prongs at each of the more
distal nodes.
As compared with those on the inner vane, the distal
barbules on the outer vane of a primary remex show longer
ventral teeth, more slender and more numerous hooklets,
and no dorsal cilia. The proximal barbules resemble those on
the inner vane.
In summary, the distal barbules on the remiges of a duck
differ from those of a chicken or turkey mainly in the presence
of friction processes and long, slender hooklets. Proximal
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barbules in ducks have a relatively longer pennulum and
smaller dorsal spines. Drawings and additional descriptions of
duck barbules can be found in Chandler^s monograph (1916:
327, figs. 28, 29,30, and 104). The pennaceous barbules on the
body contour feathers are smaller and simpler than those on
the remiges in ducks in the same way as in chickens. The
slightly more open texture of the vanes in ducks appears to be
due to the thinness of the rami and the smaller size of the
ventral flanges on the barbules.
Afterfeather
The afterfeather consists of a cluster of umbilical barbs
(aftertuft) on virtually all body contour feathers. This
structure is the most obvious diagnostic character of the
feathers of ducks, geese, and swans. The only other birds
to have an aftertuft on the body contour feathers are owls,
New World vultures (Family Cathartidae), and the oilbird
{Steatornis caripensis) (Miller, 1924a: 3). This character will
not serve for identifying remiges and rectrices, of course^
because in most birds these feathers have an afterfeather of
umbilical barbs. The aftertuft on the feathers of a Pekin
Duck ranges from a length of 60 percent as long as the vanes
(in upper minor tail coverts) to 2 percent (in facial feathers)
and even complete absence (in upper marginal coverts of the
prepatagium). On most feathers, it is between 9 and 25
percent as long as the vanes. A feather from the dorsal tract,
for example, has an aftertuft about 12 percent as long as the
main vanes; the aftertuft is composed of about 25 umbilical
barbs (fig. 220). Its equivalent in a Mallard is shown as
figure 172, type 6. The umbilical barbs are always downy,
though the barbules are more or less reduced along a distal
portion.
The only feathers with an exceptional afterfeather appear
to be the ear coverts, for these have an aftershaft as well as
umbilical barbs. On an ear covert 20.3 mm. long, the afterfeather was 12.5 mm. long and the aftershaft was 8.5 mm.
The main vanes have an open texture, owing to the wide
spacing of the barbs, the presence of reduced plumulaceous
or reduced pennaceous barbules near the midline, and stylet
barbules near the margin. There are no barbules on the rami
of the aftershaft.
Related to the Pekin Duck are the Crested Ducks, named
for the crest (more of a pompon) of feathers on the crown.
The size and location of the crest as well as the dimensions
and color of its feathers are extremely variable. In ducks with
a large or moderately large crest, the roof of the cranium
below it bulges upward. The morphology of the crest and its
relationship to the cranium have been investigated by
Requate (1959:264).

Remiges and Rectrices
The primary remiges have a greater range in length
through the series in the Pekin Duck than in the chicken.
The maximum length is about 240 mm. in both birds, but
the longest primary is No. 7 or 8 in the duck, and No. 3 in the

chicken. The calamus is unusually long, more than one-third
of the total length of the shaft in the primaries of an adult
Pekin Duck. In juvenal primaries, the calamus accounts
for only about one-fifth of the total length. A diverticulum of
the lumen of the calamus extends as far as 20 mm. into the
rachis of the remiges and rectrices (measured from the proximal edge of the superior umbilicus). It contains four or five
pulp caps.
The vanes of the outermost primaries are not emarginate
in the Pekin Duck as they are in many species of ducks.
Emargination of the inner vanes of the outermost primaries
varies considerably among anseriform birds (Humphrey and
Clark, 1964:170).
The secondary remiges and the rectrices of the Pekin
Duck are smaller than those of a chicken, and they are somewhat pointed at the tip. Like the primaries, they are curved
toward the midline of the body, but the outer vane is only
slightly narrower than the inner. The secondaries at the elbow
(Nos. 12 to 16) are very asymmetrical and diversely shaped
in the Mandarin Duck (Aix galericulata). The gross and the
microscopic structures of these ornamental feathers have
been investigated in detail by Brinckmann (1958).
The vanes of the primaries are stiffened in zones on each
side of the shaft. They show a glazed sheen in the same areas
on the underside of the feather. These effects are caused by
an expanded ventral ridge (tegmen) along the proximal portion of the ventral edge of each ramus. The structure of the
tegmen is described in chapter 5 on page 259 and is
shown in figure 173. The tegmen is wider and hence overlaps
more on the barbs of the inner vane than those of the outer.
The sheen and its structural basis are characteristic of the
primaries of ducks, geese, and swans (Richardson, 1943).
They are useful for distinguishing these feathers from those
of many other birds, including chickens. The secondaries and
the rectrices show less sheen, owing to the lesser enlargement
of the ventral ridge of the rami.
The barbules of the remiges have already been described.
Distal barbules on the inner vane of the primaries have
friction processes that help to distinguish primaries of ducks
from those of chickens, which lack them. Since these structures also occur in many other birds, it is necessary to consider their exact shape and number if they are used for
identifying feathers.

Down Feathers
Body doxvns
The presence of downs amidst the contour feathers is one of
the chief characteristics of the feathering on anseriform birds.
The gross appearance of the downs on certain species of ducks
has been described by Workmann (1907). While the contour
feathers are used as stuffing for pillows, the downs are used
as insulation in the best quilts, sleeping bags, and parkas.
The white downs of domestic geese are among the most
commercially valuable feathers.
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FIGURE

222.—Down feather from the dorsopelvic tract of a
White Pekin Duck.

One down feather is situated in the center of the space
bounded by four contour feathers. Other downs are also
present—commonly there is a pair of them between adjacent
contour feathers, approximately on the line of the feather
row. According to Humphrey and Clark (1964:172), "the
'central' down plumule is always larger and in some species
(e.g., Anas penelope) is darker in colour." In a 4-month-old
Pekin Duck, however, the downs do not differ in this way.
The downs amidst the contour feathers are about 16 to 37
mm. long (fig. 222), and the off center downs are commonly
as large as those in the center. Larger downs are more
abundant than smaller ones, but there are no distinct
categories of size. The calamus is 0.5 to 1.5 mm. long, representing about 3 to 4 percent of the total length. A rachis is
always present, although it is minute in small downs. It is
about 1 to 20 mm. long, representing about 8 to 60 percent
of the total length.
Unusually large down feathers occur in the lateral body apterium, close to the pectorosternal tract. They are as much as
58 mm. long with a rachis up to 44 mm. long, nearly 76 percent of the total length. The largest of these feathers can
almost be considered semiplumes because their rachis is
nearly as long as the longest barbs, and the distal part of the
vanes is more lax than fluffy.
In all downs, most of the barbs arise from the rachis, but
there are also a few umbilical barbs. The vanes are generally
amorphous, without the evident symmetry and upper and
lower surfaces of chicken downs. As seen from one end, a duck
down is rounded whereas a chicken down is flattened. In the
small downs and many of the large ones, the barbs are
furnished with barbules to their tips. Some of the large downs
on the lateral body apterium have barbs that are bare at the
tip. These rami lie straight and do not entangle each other, an

indication that the barbules play a major role in entangling
the barbs. The large subterminal nodes undoubtedly are
important in this, but their action is not known. On barbs
where barbules are reduced toward the distal end, these nodes
are lost before length is shortened. The margin of a vane with
such barbs has- a rather lax texture. Downy barbs with
branched tips, as sometimes found in contour feathers and
remiges, have not been found in down feathers.
Our histological preparations of the skin show that the
follicles of the down feathers are furnished with feather
muscles. The bundles are fewer in number and less regularly
arranged than those that link the follicles of the contour
feathers. They are discussed further in chapter 8. Since
muscles are present with the down feathers among contour
feathers (as on ducks) as well as with those on the apteria
(as on chickens), they cannot be used as a criterion for
separating the two categories of definitive downs.
Oil gland feathers
The nipple of the oil gland bears at its tip two circular
tufts of down feathers that are 22 to 25 mm. long. Their
calamus is 3 to 4 mm. long, about 13 percent of the total
length, and thus much larger in these feathers than in body
downs. The rachis, however, measures about 6 mm., and
is thus well within the range seen in body downs. Widely
spaced downy barbs arise from the rachis as well as from the
rim of the superior umbilicus. They bear reduced plumulaceous barbules. There is no hyporachis. The structure of oil
gland feathers varies among species of ducks. Our specimens
from a Blue-winged Teal {Anas discors) had only umbilical
barbs, without any sign of a rachis.

Filoplumes
Filoplumes occur in clusters of four or five on each side of
the contour feathers. They also occur singly on each side of
many down feathers, those on the apteria as well as those on
the tracts. Finding filoplumes beside the downs was unexpected because in the chicken, coots, and several charadriiform birds, Gerber (1939) found filoplumes accompanying
only contour feathers. The filoplumes on a White Pekin
Duck are as much as 30 mm. long, the longest ones being on
the pectoral tract. They are very slender and inconspicuous.
There are three to five apical barbs (not pairs of barbs), and
these carry tiny stylet barbules. The filoplumes beside the
downs differ from those beside the contour feathers only in
their smaller size.
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Pigeon feathers can generally be recognized by a combination of features of the rachis, the downy barbules, and
the afterfeather. Their color in the Common Pigeon, is a result of melanin, the structure of the barbs, and an overlay of
powder, as discussed in chapter 7.

Body Contour Feathers
Gross appearance
The body contour feathers are as much as 100 mm. long,
the longest being the under tail coverts. Most feathers,
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223.—Contour feather from the middle of the dorsopelvic tract of a Common Pigeon.

however, are no more than 60 mm. long. They are most commonly oval to oblong with a rounded tip (fig. 223) ; feathers
on the ventral caudal and abdominal tracts are obovate, and
those on the crural tract are round.
The calamus contains saucer-shaped pulp caps; these are
joined to the inner surface of the wall and do not shrink
to a central strand, as in chicken feathers. A narrow collar
of feather sheath often remains on the calamus at the level of
the superior umbilicus, just above the surface of the skin. The
rachis commonly swells at its lower end, and, proceeding
distally, reaches its maximum width at one-fourth to onethird the total distance to the tip. Characteristically, it then
tapers sharply, a feature that is more conspicuous than the
swelling at the lower end. On a feather from the pelvic tract,
for example, the width of the shaft at four levels is as follows :
superior umbilicus, 0.85 mm.; one-fourth of distance to tip,
1.7 mm.; three-fourths of distance to tip, 0.3 mm.; and tip,
less than 0.1 mm. The rachis of an abdominal feather is only
slightly wider than the calamus but it tapers very sharply—
from 0.9 to 0.1 mm. in a span of 10 mm. Thickness varies in
the same way as width but to a lesser extent. The proximal
portion of the rachis is stiff, whereas the distal, slender
portion is flexible. Similar features were also noted in certain
turkey feathers, but they are generally uncommon in birds.
In pigeon feathers, as in turkey feathers, the rachis tends to
taper in the same region as the transition of the vanes from
plumulaceous to pennaceous. It is also seen, however, in
downs, semiplumes, and contour feathers with only a margin
of open pennaceous texture. Coverts of the wing and tail,
on the other hand, have a rachis that tapers gradually along
its full length.
The rachis of many pigeon feathers is flat or faintly contoured on the undersurface. The median groove is wide
and shallow, and the lateral ridges are often slight. On
feathers where the groove is faint, the groove sometimes
begins a short distance above the superior umbilicus.
Downy harbs
The downy portion of the vanes is generally thick and
dense; it accounts for 20 to 60 percent of the length in most
body contour feathers. Semiplumes or contour feathers are

close enough together in most places so that the bases of
their vanes touch each other. This situation creates a dense,
continuous mat of down beneath the exposed pennaceous
ends of the feathers. Since the lowermost barbs project downward, the layer extends to the surface of the skin, and there
is little open space around the bases of the feathers.
In texture, the downy portion of pigeon feathers resembles
chicken and turkey feathers more than duck feathers. This
region of the vanes has a thatched appearance, owing to the
overlapping of barbs with regularly oriented barbules. Barbules on the upper surface point obliquely outward and toward the tip of the feather, whereas those on the undersurface point perpendicularly outward from the rachis toward
the margin. The barbules of a given barb have a wide angular
range, with the result that the vanules they compose are
never flat. Branched downy barbs have not been found.
With this exception, the factors responsible for downy texture reach their maximum degree in the under tail coverts.
The bases of these feathers are exceedingly thick and fluffy.
The plumulaceous barbules are long, up to 4 mm., a factor
that is responsible for much of the gross similarity in the
downy portions of pigeon and chicken contour feathers. The
base of a plumulaceous barbule is straplike with a slightly
swollen node at its distal end (fig. 167, A). Subsequent
nodes on the pennulum are very large, each bearing four
conical or peg-shaped prongs that point either directly outward or slightly distally (fig. 167, B, D). Enlarged nodes are
most numerous (up to 12) on barbules near the proximal end
of a barb. Distal to the large nodes, the internodes become
longer and the nodes are reduced, chiefly through loss of their
prongs (fig. 167, C). These features of downy barbules are
characteristic for many pigeons, but not the crowned pigeons
(Goura spp.). On the other hand, they differ from the conditions in other birds except certain tinamous (Chandler,
1916:361). The structure of the downy barbules is thus useful
for identifying pigeon feathers.
Pennaceous harbs
There is generally a narrow zone of pennaceous texture on
each side of the rachis, medial to the downy portion of the
vanes (fig. 223). The zones are denser than the main pennaceous portion of the vanes, not more open as in chicken
and turkey feathers. This difference is based on the fact that
the narrow pennaceous zones are created by closely set barbs
with pennaceous rather than curled-base barbules. The
width of the zones is asymmetrical in some feathers (for
example, dorsal cervical tract) and is greater on the inner
vane. On the upper secondary coverts, the zones widen
abruptly, opening into the full pennaceous portion of the
vanes and rapidly confining the downy texture to the margins.
The transition from downy to pennaceous texture takes
place within a span of a few barbs. The margin of the feather
is often lax in this region, though to a lesser extent than in
chicken feathers. The pennaceous portion of the vanes is
generally closely knit. It may grade into a marginal band
of open pennaceous texture, but there are no distinct zones of
different densities.
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An unusual case of asymmetrical vanes is presented by
several of the distal feathers in the row of under major
secondary coverts. The inner vane here is pennaceous except
for a relatively short downy region at the base (fig. 224).
The outer vane, however, is pennaceous in a narrow zone
beside the rachis and lightly downy in a wider zone along the
entire margin. There is a sharp line of demarcation between
the two textures. On the outermost coverts, pennaceous
texture disappears below the tip of the outer vane, and downy
texture extends to the rachis. The barbs are only weakly
fluffy in the marginal zone, owing to the presence of reduced
plumulaceous barbules. This peculiar character of the vanes
appears to be an adaptation for allowing air between the
feathers and the skin to escape without turbulence. The
proximal coverts in the row are ordinary in appearance; they
are mostly pennaceous, with marginal zones of downy texture
at the base.
The structure of the pennaceous barbs, including the
attachment of barbules to the rami, has been discussed and
illustrated in detail by Mascha (1905), Spöttel (1914:360),
and Chandler (1916:359, pi. 29). The following account is
based on these sources as well as our own observations.
We will examine the barbules of the primary remiges before
considering the somewhat reduced form on the body contour
feathers.
The distal barbules in the inner vane of a primary remex
are marked by a diagonal row of pigment spots in the nuclei
of the cells comprising the bases. The ventral teeth are very
broad and triangular. The pennulum is approximately as
long as the base and is arched upward. It bears four to six
booklets that are progressively longer distally in the series.
These grade into four to six ventral cilia that become shorter
distally. Several dorsal cilia are present, the first two of which
are modified into friction processes (described in ch. 5 on
pp. 260-261).
Proximal barbules have fewer and smaller pigment spots
than distal barbules. There are three to five narrow ventral
teeth with curved, pointed tips, and above them are four or
five dorsal spines. The pennulum is very slender and is
longer than the base when intact. Nodal prongs are absent.
The barbules of the outer vane are more heavily pigmented
than barbules of the inner vane. The distal barbules as a
whole are arched upward. As compared with their equivalents
on the inner vane, the ventral teeth are smaller, and the six
or seven booklets are shorter and more slender. Ventral cilia
are shorter and heavier, and dorsal cilia, also shorter, are not
modified as friction processes. The proximal barbules at the
proximal end of a barb are like those of an inner vane. Near
the tip of each barb, ventral teeth become separated and
curved, assuming a form intermediate between typical teeth
and typical cilia.
The pennaceous barbules of body contour feathers are the
same on both vanes. Those on pelvic feathers differ from those
on the remiges as follows :
Distal barbules.—There is only one ventral tooth, and it is
moderately large and pointed. Pennulum is relatively longer.

FIGURE

224.—Under major secondary covert from a
Common Pigeon.

Hooklets are shorter and they project perpendicularly from
the pennulum. Proximal hooklets have one or two prickles
on the distal edge. There are two to four ventral cilia and
they are much shorter and blunter than those on the remiges.
Dorsal cilia are absent.
Proximal barbules.—Base is narrower and ventral teeth
are smaller. There is no ventral flange as seen in chicken
feathers. Pennulum is very fine and nearly as long as the base.
Dorsal spines are smaller than those on the barbules of the
remiges.
Pennaceous barbules on feathers from the pectoral tract
(and probably elsewhere on the ventral tracts) are still
further reduced. Both distal and proximal barbules are very
long and narrow. Barbicels are shorter and more uniform.
Distal barbules have a single booklet, which lacks prickles.
As a result of these changes, the distal and proximal barbules
come to resemble each other more closely on these feathers
than they do elsewhere.
Afterfeather
One of the most obvious characteristics of pigeon feathers
is the small size or absence of the afterfeather. A hyporachis
is never present, even on the ear coverts. The remiges,
rectrices, their coverts, and feathers of the femoral tract
have an aftertuft composed of as many as 40 barbs; it is 4 to
8 percent as long as the vanes. These barbs represent the
type 6 afterfeather. Feathers of the interscapular, dorsal,
pelvic, pectoral, abdominal, and crural tracts have only
one to three barbs at each corner of the umbilicus. They are
6 to 8 percent as long as the vanes. These barbs project
parallel to the rachis on the underside of the vanes, which
distinguishes them from the adjacent lowermost barbs on the
shaft. Finally, there are the dorsal cervical and capital
feathers, which have no umbilical barbs. These feathers
represent the type 7 afterfeather (figure 172).
Remiges and Rectrices
The primary remiges are from 113 (primary 1) to 194 mm.
(primary 9) long. The outermost primary (10) is about as long
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as the seventh primary, 176 mm. The calamus accounts for
24 to 28 percent of the total length. The pith of the rachis
starts unusually far down inside the calamus, 20 mm. below
the superior umbilicus. On the other hand, the lumen of the
calamus extends into the rachis about 15 mm. beyond the
superior umbilicus. The pith is partitioned by one to three
pairs of longitudinal lamellae that run obliquely upward
from a median septum to the spaces between the cortical
ridges (Spöttel, 1914:377). The sides of the rachis carry a
row of low ribs that each run ventrally and proximally from
the attachment of a ramus. The vanes are long and narrow,
and the tip is pointed, particularly on the inner primaries.
The tip is situated on the outer vane in primaries 1 to 5
and gradually shifts to a midline position in the remaining
feathers. The base of the outer vane and the margin of the
base of the inner vane are weakly fluffy for a short distance.
The outer vane of primaries 6 to 8 is emarginate to a slight
degree.
The secondary remiges are about 60 to 120 mm. long, the
shortest being those which insert on the elbow. They are
curved medially and end in a bluntly rounded tip. Both vanes
are downy along their margins for a short distance at the
base. All the remiges and rectrices have a V-shaped cluster
of umbilical barbs as an afterfeather.
The rectrices are 120 to 138 mm. long, the central pair
being the longest. Unlike the remiges, they are obovate. The
inner vane is always wider than the outer, and the broadening
of the distal part of the feather takes place entirely on the
inner vane. The pith of the rachis starts well below the
superior umbilicus, but the lumen of the calamus does not
extend into the rachis. The shaft of the outermost rectrices
is very stiff, probably an adaptation for the use of the tail as
an airfoil. When flying slowly, a pigeon holds its rectrices
in a fan 120° or more in angular extent (Gray, 1953: plate
XI). Just before landing, the tail may be spread even more
so that it is almost semicircular. The stiff shaft of the outer
rectrices apparently enables the feathers to create lifting or
braking force under these conditions.

Down Feathers and Semiplumes
Down feathers
Down feathers are uncommon on pigeons, but they are
not absent as stated by Chandler (1916:359). They can be
found on the lateral body apterium and the pelvic apterium
as far back as the base of the tail. They do not occur amidst
contour feathers or beside the flight feathers. Many small
downy feathers are actually semiplumes or even a form of
contour feather. The down feathers are 12 to 28 mm. long
and are approximately circular (orbicular) (fig. 225). As in
contour feathers, the rachis is as wide as the calamus or
wider at the proximal end, and it tapers sharply a short
distance higher. The rachis is recognizable even in the
smallest downs, where it is still 4 mm. long, one-third of
the overall length. In some downs, the rachis approaches
the length of the longest barbs, and hence these feathers
grade into semiplumes.

FIGURE

225.—Down feather from the lateral body apterium
of a Conmion Pigeon.

The smaller down feathers are uniformly plumulaceous,
and the barbules are reduced only near the tips of the barbs.
Larger downs have a narrow margin of lax texture around
the major portion of the vanes, which is still fluffy. This
fringe is produced by a more extensive reduction of the terminal barbules and by their orientation closer to the ramus.
These feathers also show very narrow zones of closely knit
pennaceous texture beside the rachis. The afterfeather of
the downs consists of two or three short barbs at each corner
of the superior umbilicus.
Semiplumes
Semiplumes occur on the abdominal, ventral caudal,
ventral alar, and lateral body tracts. They are 25 to 42 mm.
long. They are obovate with a broadly rounded tip. The
rachis is conspicuously swollen at the lower end and sharply
tapered at about the middle. Narrow zones of closely knit
pennaceous texture are situated beside the thick segment
of the rachis; they come close together and disappear beside
the distal, fine portion of the rachis. Because barbules are
oriented away from the shaft on the underside of the vanes,
the extent of these pennaceous zones can be seen more easily
here than on the dorsal side. The vanes have a moderately
thick, downy texture for about the proximal half of their
length. Distally, they are characterized by a fringe of lax
texture, which is wider than that seen on the down feathers.
It is flat and open instead of thick and dense as in typical
downy texture. Making up the fringe are barbs with typical
plumulaceous barbules at the basal end and reduced pennaceous barbules on the remainder. The barbs radiate from
the rachis and do not lie parallel to each other like the
open pennaceous barbs of a contour feather. These semiplumes grade into contour feathers by the development of
interlocking pennaceous barbules and a typical pennaceous
vane, starting near the tip of the feather. The afterfeather of
the semiplumes is like that on the downs.
The feathers on the crural tract combine features of
contour feathers, downs, and semiplumes, yet are not typical
of any of these. They are nearly circular, 16 to 25 mm. long.
The rachis is 8 to 10 mm. long and is slender throughout. The
vanes are lightly fluffy for about 60 percent of their length
near the rachis and lax in the remaining band around the
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margin. Faint zones of pennaceous texture can be seen on
each side of the rachis. One to three umbihcal barbs are
present at each corner of the superior umbihcus. The feathers
resemble downs in their softness and short rachis, yet resemble contour feathers or semiplumes in the flat, lax portion
of the vanes. This texture is created by barbs with reduced
pennaceous barbules that do not interlock. Another point of
resemblance to contour feathers and semiplumes is that the
crural feathers are situated in the rows of a feather tract, not
randomly and widely spaced as in an apterium. This condition leads us to consider these feathers as an unusual form of
semiplume.
Oil gland feathers
In pigeons, the oil gland does not carry any feathers.

Powder Feathers
General nature
The down feathers, semiplumes, and downy portions of
most contour feathers of a Common Pigeon shed an extremely
fine, white powder. It is appropriate to discuss this property
of pigeon feathers as a separate topic because on the one hand
it is not confined to a single structural type of feather, and on
the other hand it is the basis for certain specially modified
feathers. In many birds, the special powder-shedding feathers
have the structure of downs and hence are called powder
downs. In pigeons, however, these feathers are modified semiplumes as well as downs. It is best to refer to all these feathers
as powder feathers (pulvipluma) except where their specific
structure is known.
Powder feathers adhere to a hard surface readily with a
little pressure, although they do not feel sticky. Presumably
the powder has something to do with this. The adhesive force
appears to be other than an electrostatic phenomenon, but
its exact nature is not known.
The powder grains are derived from cells that surround the
differentiating barbules in a growing feather. They are not
fragments of the sheath or the feather itself. In herons,
powder is shed continuously by special ever-growing feathers,
but in pigeons it is shed only while the feathers are emerging
from their sheaths. The amount of pow^der that may be
found in a pigeon's plumage thus varies according to the
bird's stage of molt (Schüz, 1927:111). The origin of the
powder and the histology of powder feathers are discussed
in chapter 7 (p. 386).
Birds of many species have powder feathers, but among
domestic birds they occur only in pigeons. These feathers
are in fact characteristic of the family of pigeons and doves,
the Columbidae. Among Common Pigeons, the powder
feathers are developed to a small degree in feral birds, but
are moderately to highly developed in several domestic
varieties (Eiselen, 1939:411). They have been mostly eliminated from domestic birds by pigeon fanciers in the United
States. Highly modified powder feathers can be found in
birds of the Archangel and certain other varieties (Levi,
1957:244).
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Distribution
The distribution of powder feathers on a feral Common
Pigeon is continuous on the sides of the trunk from the axilla
to the base of the tail The distribution cannot be mapped
precisely because there is a gradation from normal feathers,
which shed a small quantity of powder, to powder feathers,
which shed a moderate quantity. Powder feathers occur in
the posterior lateral portion of the pectorosternal tract, in a
band from here across the lateral body apterium to the
dorsopelvic tract, on the dorsal portion of the femoral tract,
on the lateral pelvic apterium all the way to the base of the
tail, and on the lateral portions of the abdominal tract (fig.
226). Within this pattern of distribution, powder feathers are
most abundant and tend to be most highly modified at two
locations—anterior to the thigh and anterolateral to the tail.
Pigeons of many varieties are said to have essentially this
same pattern of distribution (Eiselen, 1939:411). Those of
certain other varieties, however, have powder feathers chiefly
on a portion of the pectorosternal tract and across the lateral
body apterium but have either few or none elsewhere.
Structure
Powder feathers of an ordinary pigeon show several unusual features during their development, as described in
chapter 7. When fully grown, they are like non-powdershedding feathers in structure but differ in the appearance of
their downy barbs. These are less fluffy and oriented less
regularly than normal. They are matted together by the
powder, which is produced around them. Pennaceous and
lax portions of contour feathers and semiplumes are normal
since they do not give rise to powder. The afterfeather of all
pigeon powder feathers is a cluster of powder-shedding
umbilical barbs.
Downy barbs from a powder feather must be cleaned
before their microscopic structure can be seen. Usual methods
for washing feathers with detergent solution or various
solvents are ineffectual, however. We have found that powder
feathers can be cleaned perfectly by immersing them in a
detergent solution and subjecting them to ultrasonic waves,
as produced by a sonifier, for one to two minutes (ch. 10,
p. 642). Once cleaned, the barbs are just like ordinary downy
barbs of a pigeon, even to the size of the nodes. They differ
from the barbs on powder downs of herons and frogmouths
(family Podargidae), which are less well developed than
those of ordinary downs (Schüz, 1927).
Archangel Pigeons (a variety of Common Pigeons) shed
more powder than feral pigeons or most other domestic
varieties of pigeons. Body contour feathers of Archangels, as
compared with other pigeons, are slower to emerge from
their sheaths and are commonly rolled up along the margin
at the base. When these are teased apart, powder and fragments of external pulp caps are shed. The plumulaceous
portion of the vanes tends to be less fluffy than on feral
pigeon feathers. This is due to the fact that the barbs and
their barbules are shorter, the barbules lie closer against the
rami, and the barbs are more clogged with powder. In
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226.—Distribution of powder feathers on the left side of an Archangel Pigeon. The density of the shading indicates
the degree of modification toward powder feather morphology.

cleaned feathers it can be seen that the pennulum of a downy
barbule is finer, fewer of its nodes are enlarged, and even these
have smaller, less distinct prongs than normal. The distal
nodes are very faintly swollen.
The most highly modified powder feathers of Archangel
Pigeons, as in feral pigeons, are those on the sides of the body.
Their distribution is like that on the feral pigeon but is easier
to plot because the feathers are distinctive in appearance. It
is shown in figure 226, with shading of varying density used
to indicate the degree of modification in the feathers. The
transition from slightly modified to greatly modified powder
feathers can be seen especially well in the posterior lateral
portion of the pectorosternal tract and the posterior dorsal
portion of the femoral tract.
Series of feathers from these areas show increasing slowness
in unfurling, decreasing thickness of the rachis, increasing
reduction of the barbules, and increasing amounts of powder.
When the feathers are open and cleaned of powder, they are
all found to have the same basic structure as their homologs
on a feral pigeon. Owing to their prolonged period of unfurling, however, they are seen more commonly in an immature than in a mature stage. Moderately modified and
highly modified powder feathers are each shown at three
stages of maturation in figure 227.
Moderately modified powder feathers are contour feathers
(as shown in fig. 227) and semiplumes. Even while en-

sheathed, they can be distinguished from less modified or
unmodified powder feathers because they are curved upward
convexly from base to tip. Also, the vanes unroll slowly even
after the sheath has flaked off. Barbules at the surface break
loose from the powder in which they are embedded, and
create a nap on the surface of the rolled-up feather. Pennaceous barbs, if present, unfurl readily, but downy barbs
open more slowly. At the core of the feather is a long chain
of external pulp caps. They do not have the cylindrical form
of pulp caps in ordinary feathers but are compressed against
the rachis; their cross section is approximately semilunar.
Impressions of the barbs are evident on the two sides away
from the rachis. The pennaceous barbs are identical with
those on ordinary pigeon contour feathers, even to their
faint iridescent sheen over dark pigmentation. In a powder
feather of semiplume structure, the barbs that make up the
lax margin of the vanes carry smaller, simplified pennaceous
or stylet barbules. Like pennaceous barbs, they are free of
powder. Details of the downy barbs cannot be seen until
they have completely shed their powder and the barbules are
freed from the sheetlike vanules in which they have been held.
The barbules are more slender than normal, and they have
slight bulges, constrictions, and kinks along the internodes.
The rachis of a moderately modified powder feather is like
that on an ordinary contour feather or semiplume of a
pigeon. It is thick proximally, sharply tapered, and slender
distally (fig. 227, C).

COMMON PIGEON
The highly modified powder feathers of an Archangel
Pigeon appear to be stiff, hard quills while they are ensheathed (fig. 227, D). They are from 16 to 22 mm. long and
from 1.1 to 1.3 mm. thick. Unlike typical ensheathed feathers,
they are not tapered distally but are of uniform diameter or
even enlarged. The calamus is unusually short, 0.8 to 1.0 mm.
long, with the result that the feathers can easily be dislodged
from their follicles. The entire feather is curved downward
from base to tip, and the surface is smooth except for a tuft
of exposed barbs at the tip. Characteristically, the feather
is straw yellow for most of its length, and thus appears to be
made of horn. This effect is not far from the truth because
the tightly furled feather is virtually a solid mass of keratin.
The barbs are embedded in abundant powder, and the whole
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structure is translucent. Later, there develop long cracks in
the surface that progress distally in spirals from the rachis;
as air enters through them, the feather turns white.
These feathers are slower to open than less highly modified
powder feathers. They retain their original shape for a while
even after the feather sheath has flaked off. Gradually, they
split along the cracks into 8 to 14 fascicles of barbs. At this
point the highly modified powder feathers begin to lose their
distinctive appearance. They can still be told from the less
modified feathers by the absence of pennaceous barbs at the
tip, smoother surface (fewer free barbules), vestiges of yellow,
and the smaller calamus (fig. 227, E).
If a fascicle is teased apart, it is found to consist of 10 to 12
laterally compressed barbs, each of which has a slender

Pennaceous barbs

Readily opens
from sheath.
Free barbules
create velvety
surface on
ensheathed
portion.

Resembles normal
immature feather.
Ensheathed portion
is opaque and white.

Stiffer than A.
Lower ensheathed
portion is yellowish
and translucent.
Long, spiral cracks
in surface.

Opens along
cracks, into
bundles of barbs.
Few barbules are
free, surface i;
smooth.

Barbs separate slowly,
being embedded in powder

Slender rachis
3.0 mm.

D
FIGURE

227.—Powder feathers of an Archangel Pigeon.

A to C, modified contour feathers.
D to F, highly modified down feather (powder down).

A and D, ensheathed; B and E, emerging from sheath; C and F,
opened.
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ramus and a pair of vanules in the form of plates. These^ in
turn, are composed of reduced plumiilaceous barbules
embedded in sticky powder. After the powder has been dislodged, the barbules are revealed to be shorter and finer and
to have much smaller nodes than those of less modified
powder feathers. Recalling the plumulaceous barbules in
various pow^der feathers, it becomes clear that their size and
condition are inversely proportional to the quantity of
powder around them.
As the powder feathers lose their powder and break open,
they come to look more like ordinary feathers (fig. 227, F).
The rachis is slender throughout, even as little as one-tenth
the thickness of the calamus at its base. It varies in length
from about 5 to 8 mm. This is considerably shorter than the
longest barb in most powder feathers, and hence these
feathers qualify as downs. They can be referred to more
specifically as powder downs. In some specimens, however,
the rachis and longest barb are equal, which puts these
feathers at the boundary between downs and semiplumes.
The afterfeather on all these powder feathers consists of
many more umbilical barbs than are present on less modified
powder feathers or ordinary feathers.
Fat quills
The most highly modified powder feathers, indeed among
the most peculiar of all feathers, are to be found on two old
German varieties of Common Pigeon, the Nuremberg
Swallows and the South German Shield Pigeons. Some of the
feathers on the sides of the body resemble the unopened,
highly modified powder dowms of Archangels except that
they remain furled. Most remarkably, they contain a homogeneous, yellow, organic fat in place of powder. The growth
and histology of these feathers and the formation and properties of the fat have been studied by Eiselen (1939). The
feathers are basically downs, and the fat develops from

precursor cells in the same location as those for powder. The
feathers can be referred to as fat quills, by translation of their
German name, Schmalzkielen. According to Levi (1957:180),
the fat exudes from the feathers, but Eiselen (1939:414)
stated that it is liberated only after the pigeon splits a feather
with its beak. The secretion is spread to the entire plumage
when a bird preens, giving it a greasy look. 'VFor this reason,
the name 'Grease' or 'Silk Swallow' has sometimes been
applied to the variety [Nuremberg Sw^allow]" (Levi, 1957:
180).

Filoplumes
Filoplumes accompany most of the contour feathers, but
they are absent beside the powder feathers. They occur
either singly or in pairs (except with the flight feathers),
at the sides of the contour feather. If only one filoplume is
present, it may be either lateral or medial to the contour
feather. Rarely, two filoplumes can be found issuing from
separate foHicles at one side of the host, with none on the
other side. Variations in the prevalence and number of
filoplumes in pigeons may reflect temporary differences in
growth and molting. The significance of these variations
among tracts cannot be judged without a thorough study.
The remiges and rectrices are each surrounded by as many
as eight filoplumes. These are unevenly spaced and may be
arranged in several groups of two to four each.
Filoplumes are up to 25 mm. long. The shaft is flattened
dorsoventrally, and it carries two or three pairs of apical
barbs with stylet or reduced plumulaceous barbules. The
pigmentation generally matches that of the pennaceous
portion of the adjacent contour feather. Although a filoplume
is concealed, it is thus as dark as the exposed portion of the
contour feather and not necessarily white like the contour
feather's downy, concealed base.

COMMON COTURNIX
The molts and plumages of the Conamon Coturnix have
recently been studied by Lyon (1962), Apart from color,
however, nothing appears to have been published about the
appearance and structure of normal feathers in this species.
The feathers can be recognized as being gallinaceous by the
combination of the long aftershaft and the form of the pennaceous barbules, which are described on page 339, Tinamous
and trogons are the only birds besides the galliforms to have
a long afterfeather that includes a long aftershaft (type 2).
The feathers of the first two groups differ from those of
galliforms in color and in the character of the ciha and
ventral teeth on the distal barbules (see Chandler, 1916:345,
372 for details). Coturnix feathers can be distinguished from
those of most other gallinaceous birds by their small size.
It would be diflScult to separate these feathers from those of
other quails, but it probably could be done by closely comparing the color and shape of the vanes. The exposed portions
of the feathers of Common Coturnix are variously striped
and barred in black, white, cinnamon, buffy brown, and

buffy yellow. Down feathers and the downy portions of
other feathers are smoke gray. Albinism is rare and appears
to be a sexlinked, recessive trait (Lauber, 1964).

Body Contour Feathers
Gross appearance
The body contour feathers are as much as 60 mm. long, the
longest being on the lateral border of the pectoral tract. Most
of them are approximately oval with a rounded or broad,
slightly pointed tip. Feathers of the femoral tract are obovate.
Except at the middorsal fine, the vanes show a slight asymmetry in color pattern as well as in curvature and texture.
The rachis is as thick as the calamus at its proximal end, and
it tapers evenly to the tip. It has a shallow ventral groove.
Downy barbs
The downy texture of the vanes varies from 9 percent of the
total length in capital feathers and marginal coverts to about
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68 percent in femoral feathers. Some feathers (for example,
on the sternal, abdominal, and crural tracts) are classed as
semiplumes because they are entirely soft. Actually, only
about 30 to 60 percent of the vanes is truly downy, that is,
dense and fluffy. The remainder is lax, with narrow barbs
creating flat open vanes. Most body contour feathers have
a narrow zone of open texture on each side of the rachis,
medial to the downy part. This zone is created by the
presence of curled-base barbules, as in the chicken. The
barbules themselves are shorter and less curled than those on
chicken feathers. The downy texture is also like that in
chicken feathers and shows regularly oriented barbs and
barbules. The downy texture is lightly fluffy on dorsal
feathers and moderately fluffy on pectoral and femoral
feathers. The degree of flufliness is related to the length
of the barbules and the vertical angle at which they project
from the ramus. In many cases, barbs are downy at the
proximal end and lax at the distal end, owing to the reduction
of the barbules and their angular range. Downy barbs with
branched tips have not been found. Plumulaceous barbules
on a contour feather have a maximum length of about 2 mm.
Their nodes are distinct, each bearing four short, rounded
prongs and marked by a spot of pigment. The diameter of the
pennulum is uniform from one cell to the next until it tapers
near the tip.

Pennaceous barbs
Lax texture occurs at the transition from the downy to the
pennaceous parts of the vanes. It is also common farther
distally, that is, along the margin of the pennaceous part of
the vane. The open pennaceous texture seen in many chicken
feathers does not, how^ever, occur in feathers of Common
Coturnix.
The tips of the upper major primary coverts differ between
early and later generations of feathers. These differences appear to be the best indicators for distinguishing between
quails that are less than 1 year old (young-of-the-year) and
those that are older (adults). In young birds, the tips of the
feathers are slightly frayed and either rounded or pointed,
whereas in adults they are intact and blunt. The young
feathers may represent either the first or the second juvenal
plumage. The latter differs from the definitive adult plumage
and has therefore been called a first alternate plumage (Lyon,
1Ô62).
The characters of the pennaceous barbules can be seen best
on the primary remiges. In the middle of the inner vane, near
the rachis, the distal barbules have a base about half as long
as the pennulum. Nuclei and boundaries of the basal cells
are invisible. There are four moderately narrow ventral teeth
with uneven margins and pointed tips. Up to six hooklets

increase in length toward the distal end of the row.
They are of nearly uniform diameter and do not have
prickles. There are six or seven ventral cilia, the proximal
ones are sHghtly curved at the tip; they shorten distally and
grade into nodal prongs. The dorsal side of the pennulum
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has no barbicels above the teeth and hooklets. Distally,
however, there are four short, pointed dorsal cilia; these are
not modified as friction processes.
Proximal barbules of the inner vane have a base that is
longer than the pennulum. Nuclei in the basal cells are
faintly visible by their differential refractility. There are
four very narrow ventral teeth, the tips of which are curved
and pointed. Above them are two or three low dorsal spines.
The pennulum is very slender and devoid of nodes or
barbicels.
Distal barbules in the middle of the outer vane, as compared with those of the inner vane, have a longer, narrower
base with smaller teeth. The distal hooklets are longer, and
all are thicker in the shank. Dorsal and ventral cilia are
much shorter and stouter; ventral cilia do not grade into
hooklets. The pennulum does not taper but ends at a wide
cell that bears a pair of cilia.
The proximal barbules of the outer vane are like those
of the inner vane except that the pennulum is shorter.
The pennaceous barbules of a dorsal feather differ from
those on the inner vane of a primary remex as follows:
The base of the distal barbules is longer and narrower,
and it has a ventral flange at the junction with the ramus. The
boundaries of the cells are obvious, being more lightly pigmented than the bodies. There is a single small ventral tooth
with a blunt tip, followed by one or two slender hooklets and
about four very small ventral cilia. The base of the proximal
barbules is like that of the distal barbules, and the pennulum
merges into it. Except for two dorsal spines, no barbicels
are visible from above.
Some individual quails shed fine white particles from their
body contour feathers when they are handled. Microscopic
examination reveals many clear, colorless globules, about
1.8 to 5.0 /i in diameter, on the surface of the barbs. They
are too large and regular in shape to be powder granules, and
their shape also argues against their being fragments of the
feather sheath. Their true nature is unknown. Possibly this
is the same powderlike material found by Schüz (1927:105)
in chicken feathers.

Âfterfeather
The âfterfeather is relatively larger on the feathers of
Common Coturnix than on those of chickens or turkeys.
It is 40 percent as long as the vanes in interscapular feathers
and 78 percent as long in feathers from the posterior portions
of the dorsopelvic and femoral tracts. The aftershaft extends
nearly to the tip of the âfterfeather in all contour feathers
except the alar coverts. In these feathers, it is relatively
shorter, especially on the major coverts of the remiges.
There is thus a gradation across the wing from a type 2
âfterfeather (fig. 172, p. 254) on the anterior upper marginal
coverts of the prepatagium to a type 3 âfterfeather on the
posterior coverts and a type 6 (aftertuft) on the remiges.
The vanes of the âfterfeather are entirely fluffy, with long
downy barbules out to the tips of the barbs.
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Remiges and Rectrices
The primary remiges range in length from about 60 to 90
mm./the longest feathers being the eighth and ninth. This
contrasts with the situation in the chicken and the turkey,
where the longest remiges are in the proximal or middle
third of the series. Hence, the feathered wing of a Common
Coturnix proportionately is narrower, when unfolded, than
those of the two other birds.
The shape of the individual remiges varies from approximately oblong in the first primary to long oval with a
pointed tip in the outermost feathers. The outer primaries
are also emarginate—No. 8 on the outer vane, No, 9 on
both vanes, and No. 10 on the inner vane. All the primaries
are curved medially and ventrally, the medial curvature
being most pronounced in the outer feathers. Transversely,
the vanes are also slightly curved downward. A faint sheen is
visible on the underside of several outer primaries in a long
zone near the inner margin. It results from the fact that the
vanes are paler here than elsewhere. The ventral ridge is not
expanded.
Rami of the outer vane, however, have an unusual fringe
on the ventral ridge. It projects toward the distal side along
the full length of the barbs. The villi are slender, pointed,
and very irregular, being variously thickened at the base, bent,
or forked. They are definitely outgrowths, not frayed strips.
Similar but simpler structures, it may be recalled, occur in
the same location on the remiges of ducks (fig. 173, C, D),
The afterfeather of the primaries is a U-shaped row of
downy umbilical barbs, 8 to 9 percent as long as the vanes.
The secondary remiges on the forearm range in length
from about 58 mm. (No. 1) to about 50 mm. (No. 12), and
those on the elbow decrease to about 40 mm. They are much
less variable than the secondaries of a chicken. All the
feathers are oval with a rounded tip and are slightly curved
toward the body. They are patterned on the outer vane,
which is exposed, and colored uniformly on the inner vane,
which is concealed. The umbiHcah barbs are 19 percent as
long as the vanes.
The rectrices of a Common Coturnix are much simpler
than those of a chicken or a turkey. Their length ranges from
39 mm. in the central pair to about 19 mm. in the outermost
pair. Each feather is a narrow oval and is downy for about
12 percent of its length.

Down Feathers and Semiplumes
Semiplumes
Down feathers and semiplumes occur at the same general
locations in Common Coturnix as in chickens and turkeys—
in the apteria, along the borders of tracts, and at the bases
of the flight feathers. In addition, feathers that are best
classed as semiplumes occur on the posterior end of the

pelvic tract, and on the sternal, abdominal, and crural tracts.
These feathers are situated in series with the contour feathers,
and they are downy for only 30 to 60 percent of their length.
Although the remainder is flat, it is lax and open. The
feathers are not typical of either contour feathers or semiplumes, but owing to their softness and lack of any normal
pennaceous texture, they show more resemblance to semiplumes. Some of the feathers on the abdominal tract are
small and have downy barbules in only a short zone close to
the base of the rachis. The rest of the vane appears to be
pennaceous but is actually set with wddely spaced stylet
barbules. The afterfeather is relatively long on all semiplumes, 70 to 85 percent as long as the vanes. It is type 3
because the aftershaft itself is less than half the entire length.
Down feathers
Down feathers on the lateral cervical apterium are about
10 mm. long and include a rachis about 4 mm. long. They
are semicircular and are only lightly fluffy. The barbules are
only 1 mm. long, half the length of those on the downy parts
of contour feathers. They are gradually reduced in diameter
from one cell to the next. The internodes contain pigment
spots about two-thirds of the distance from the proximal
end of each node. The nodes are faintly swollen and bear tiny
prongs. The barbules project from the ramus within a small
angular range. The afterfeather is 95 percent as long as the
main vanes, but the aftershaft accounts for only about onethird of its length.
Oil gland feathers
The downs on the nipple of the oil gland are about 3.5 mm.
long, including a calamus that is about 0,5 mm. long. There
does not appear to be any rachis, and all 20 or so barbs arise
from the top of the calamus. Small groups of barbs are
irregularly fused at their bases all the way around the
umbilicus. The barbules are the reduced plumulaceous type,
and they have spots of pigment at the nodes.

Filoplumes
Filoplumes of typical form are common on a Common
Coturnix. They usually occur singly beside the contour
feathers and semiplumes instead of paired, as in the chicken.
There are only three or four with each remex, fewer than
in the other domestic birds. The length ranges from about
15 to 20 mm., and the diameter of the shaft is about 30 MIt is the extreme fineness, not the shortness, of these filoplumes that makes them difficult to find with the unaided
eye. The apical tuft is small because the two or three barbs
are short and he close together. A few stylet barbules are
present on each barb. The pigmentation is brown at the tip
and disappears toward the base.
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CHAPTER 7

Growth of Follicles and Feathers.
Color of Feathers and Integument
HISTORICAL INTRODUCTION
Descriptive Approach
to the Morphogenesis of Feathers
The feathers of a developing chick embryo were first
mentioned by Goiter, in 1573, but it was Malpighi, a century
later, who laid the foundations of our present knowledge of
the subject (Adelmann, 1966: 1749-1750). His early observations on the chick embryo were followed by an investigation
of feather structure in young birds, particularly the turkey
poult. The texts and translations of his reports, as well as
learned commentary on Malpighi's work have been provided
by Adelmann.
The development of feathers has been a focus for much
research since the early years of the 19th century. It has
become one of the most challenging subjects in the field of
avian morphology. The basic question has been to determine
how a feather, unique among animal structures, is formed.
This problem has two major aspects—the formation of natal
feathers in an embryo and the regeneration of subsequent
feathers after hatching. Davies (1889) reviewed the work up
to his time and presented a great deal of new information on
embryological growth in an important paper. The findings of
Hosker (1936), Watterson (1942), and Wessells (1965), seem
to have essentially completed the description of feather
development in embryos at the histological level. Kischer
(1963) reported on the very fine structure of embryonic
feathers as revealed by electron raicroscopy. The histology
of regenerating feathers was well described by Strong (1902)
and Greite (1934).

Analytical Approach
to the Morphogenesis of Feathers
Analysis of the factors that control the morphogenesis of
feathers has taken many lines of approach. Some of the work
has been done by poultry geneticists, some by zoologists
interested in the mechanisms of feather groAvth^ and some by
embryologists primarily interested in the general phenomenon
of cellular differentiation. As a multicellular organism grows,
how do its new cells come to differ from each other in a

regular, controlled manner? Growing feathers have been
found to be excellent material for investigation of this
problem. Chick embryos, baby chicks, and older birds are
readily available and easy to care for. Feathers and folhcles
are easily examined and experimented with because they He
above or just below the surface of the skin. It is unnecessary
to invade the body in order to see the effects of an experimental treatment. Ghanges in shape or color are readily seen,
and fully grown feathers are convenient to store for later
study.
The abundance of feathers on a bird makes it possible to see
the effect of a chemical or a hormone on many specimens.
Alternately, surgical procedures can be carried out on certain
folhcles while other folhcles are left intact as controls. The
location of the treated folhcles can be recorded precisely by
numbering the feather rows in a system of coordinates such as
that used by Heimerdinger (1964: 17). Possibly the greatest
advantage provided by feathers for research on cellular
differentiation is that they are produced repeatedly during the
hfe of a bird. Fewer individuals are needed than in research
with animals that undergo certain growth processes (e.g.,
metamorphosis) only once. Feathers are not only replaced
regularly, but in certain circumstances and species are also
replaced if lost through accident or experimental removal. In
chickens and other birds that have this capacity for regeneration, and in birds that molt only once a year, successive
feathers from the same folhcle are virtually identical, (In
species that molt more than once annually, the feathers of the
extra plumage often differ from those in the first complete
plumage of the year.) Normal feathers from these birds can
be compared with those produced from the same follicles after
experimental treatment. It is sometimes possible to counteract
the experiment on the same folhcle or on one nearby, and to
see further results on subsequent feathers. Variation among
individual birds is eliminated in this way, resulting in the
closest possible control for an experiment.
The epidermis on different parts of a bird's body produces
feathers, scales, keratinous coverings of the beak and the
claws, and in the apteria, no special derivatives at all. Study
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of the inherent factors that control differentiation of feathers
has led to investigations of the potentialities of epidermis.
Transplantation experiments by Cairns and Saunders (1954)
showed that the embryonic precursor of epidermis from a
given region can produce various derivatives, but that it
acquires regional specificity at an early stage. This work,
followed by experiments in transplantation and tissue culture
by Saunders and Gasseling (1957) and Sengel (1958a, b)
revealed that the presumptive epidermis acquires its specific
properties through reaction to inductive stimuli from the
underlying presumptive dermis. Rawles (1963: 784) showed
further that ^'. . . both the inductive capacity of the dermis
and the response of the epidermis vary with developmental
stage and with location on the body.^'
The results of many skin transplants by Danforth (1929b)
demonstrated that the shape and color of a feather (except for
secondary sexual properties) are determined within the
folhcle during the embryonic period, and that the character
of feathers produced after hatching depends primarily on
intrinsic factors in the follicle. Successive feathers from the
same follicle were shown by Landauer and Dunn (1930) to be
more or less constant in pattern, depending on the constitution of the individual and the location of the follicle on the
body. Adjacent feathers within each tract vary in a graded
manner with respect to both morphological and physiological
properties, as we have seen in chapters 4 and 6. Studies by
Juhn and Traps (1934) and Fraps and Juhn, (1936) showed
that these properties included size, shape, pattern, extent of
the downy portion, growth rate, and order of molting.
Within a growing feather, the epidermal cells arise, take
their places, and differentiate sequentially from the tip to the
base of every axis. A system of morphogenetic movements,
differential rates of growth, and gradients in threshold of
reaction was worked out from observations by Hosker (1936)
and from experiments by LiUie and Juhn (1932, 1938) in
which surgical operations were performed on the follicles or
feather germs. Similar theories were developed by Vilter
(1934, 1935), but apparently these scientists were unaware
of each others' work. Through further experiments by Lillie
and Wang (1941, 1943, 1944) and Wang (1943), the epidermis
was found to be dependent on the underlying dermis of a
feather germ for the stimulus to produce a feather and for its
orientation. The tract-specific properties of a feather are
determined by the epidermal component of a feather germ,
where they may be determined, in turn, by properties of the
local dermis (Cohen, 1965). The manner in which the
epidermis of a feather germ grows during regeneration has
been re-evaluated by Cohen and ^Espinasse (1961) on the
basis of their own surgical experiments.
The growth rates of regenerating feathers as determined by
Juhn (1937) and Streich and Swetosarov (1937) were average
values for the entire time of regeneration. Lillie (1940) showed
that the rate varies both throughout the period and on a
24-hour cycle. The latter rhythm is reflected in the formation
of pulp caps after the pulp starts to be resorbed. Experiments
with radioactive sulfur by Lüdicke and Geierhaas (1963)

demonstrated that the synthesis of keratin also follows this
cycle.
The histochemistry of embryonic feathers was studied by
H. L. Hamilton and his students, by use of various antimetabolites and compounds related to components of nucleic
acids. These investigations (reviewed by Hamilton, 1965) lead
to the conclusion that the morphogenesis and final structure
of an embryonic feather strongly depend on the proper
functioning of the enzyme, alkaline phosphatase.

Studies of the Formation of Keratin
The parts of a feather begin to become hard and horny
while they are still taking shape. This is the result of the
production of a specific substance, keratin, not merely the
drying out of the cells. The cytological and chemical aspects
of keratinization have received a great deal of attention in
recent years. Spearman (1966) wrote an excellent review of
recent theories and information on this subject, particularly
in mammals. Studies of chick embryos using X-ray diffraction
and cytochemical methods by Bell and Thathachari (1963)
show that definitive keratin starts to form about the 13th day
of incubation. In both embryonic feathers and regenerating
feathers, the keratin is probably formed in the same way it
is formed in the cortical cells of hair and wool, which it
resembles structurally, according to Matoltsy (1962). An
electron microscopic study by Filshie and Rogers (1962)
demonstrated that feather keratin consists of microscopic
fibrils (microfibrils) embedded in an amorphous protein
matrix. The structure of these fibrils was discussed by several
workers, including Astbury and Beighton (1961) and Fraser
and MacRae (1962). The latter proposed a helical arrangement of the protein subunits. At this level we leave the realm
of animal morphology and enter the realm of biochemistry.
The keratin of feathers has been studied much less than the
keratins of hair and wool, although knowledge of it may
likewise have practical application. If a suitable treatment
for altering the structure of feather keratin can be devised,
it will be possible to utilize chicken feathers as an insulating
filler material in place of expensive goose and duck down.
Papers presented at a conference on this subject were
compiled and edited by Kennedy et al. (1956).

Studies of the Color of Feathers
The color of a feather results from an interaction between
the epidermal cells that will form the structure and a source
of pigment, principally cells that synthesize melanin.
Deposition of pigment takes place during certain periods of
feather growth in conjunction with the differentiation of the
parts. This creates a color pattern in the finished feather, as
shown by Lillie and Juhn (1932), Hardesty (1933), and Fraps
and Juhn (1936). Study of this sequence in reverse, that is,
projecting the final pattern onto the developing feather, has
proved to be very useful for deciphering the manner of growth.
Hormones and nutritional factors, like melanin, affect only
those parts of a feather that are being formed when they occur
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in the base of a feat'ier germ. In this way, they leave their
mark on the structural, if not on the pigmented pattern.
In recent decades the pigment cells have received as much
attention as feathers themselves. Grafting experiments by
Willier and Rawles (1940) showed that, hke other cells,
pigment cells have their own potentialities, which are
determined by their genetic makeup. Pigment cells first
develop in an embryo; this happens as they migrate through
subepidermal tissue to the bases of the feather germs. The
schedule of their movement and the manner of their uptake
into developing natal downs were demonstrated by Watterson
(1942), Pigment cells for regenerating feathers were found by
Foulks (1943) to be derived from precursors in the dermis
below each folhcle. The differentiation of these cells and the
deposition of their melanin were studied in detail by Strong
(1902), Greife (1934), and Hamilton (1940). Electron
microscopy by such workers as Greenewalt et al. (1960),
Durrer and Villiger (1962, 1966), and Schwarz and Kolbe
(1963) has revealed the internal structure of the melanin
granules in certain birds, and has shown that iridescent effects
are created by granules and air spaces in very precise array in
the outer cortex of the barbules. We have seen controlled
variation of feathers at two levels—grossly (from place to
place on the body) and at a low degree of magnification
(within and among barbs on a single feather). Now, at a high
degree of magnification, we can see that variation may take
place within the cortex of the pennulum on different barbules.
Seeing this, we cannot fail to be impressed with the complexity of the genetic mechanism that transmits prescriptions
for cellular differentiation in such detail.
Feather colors caused by structural conditions or by
pigments other than melanin have received less attention than
those caused by melanin. Their study has not contributed
much to the understanding of the processes in feather
development, as has that of the melanin-synthesizing cells.
On the other hand, work by Kniesche (1914) and Frank
(1939) has shown that many color effects depend on combinations of pigments and structural conditions in the barbs.
Differentiating cells in a growing feather must sometimes
assume special shapes as well as take up pigment at a certain
period. The carotenoid and porphyrin pigments found in
different birds have been analyzed by Desselberger (1930)
and, in a long series of studies, by Völker (e.g. 1934, 1953,
1961a, b).
Patterns and colors in the feathering have long been used
as characters in the classification of birds. Auber has been
investigating the color-producing factors themselves in certain
species and has found that they too can be useful for indicating
affinities (Auber and Appleyard, 1955).

Studies of the Roles of Hormones
in Molting and Development of Feathers
The secondary sexual characters of feathers and other
integumentary derivatives in birds are determined by
hormones or the genetic constitution of the epidermis or both.
Witschi (1961) pointed out that perennial sex characters are
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directly genetically controlled, whereas seasonal sex characters
are hormonally controlled. Of the latter, those controlled by
hypophyseal homones depend on the seasonal activity of the
pituitary gland, and those controlled by steroid hormones
depend on the activity of the gonads. The nature of the
gonads and their hormones in an individual is, of course,
determined genetically. Discovery of hormonal effects on
secondary sexual characters in birds may have arisen from the
common observation that the molts and plumages differ
between the sexes in many species. Casual observations of
castrated birds led to experiments by Goodale (1916), in
which the influence of the gonads on the appearance of the
feathers was evident. Later studies—Champy (1935) and
'Espinasse (1939)—isolated the gonadal hormones, noted
their effects on feathers, and investigated their mode of action.
The thyroid hormone, too, is needed for the production
of normal feathers, but its role is not well understood.
Experiments—Schwarz (1931), Chu (1938), and Blivaiss
(1947)—have shown that a deficiency of the hormone causes
the growth of feathers to be retarded and the feathers
themselves to be elongated and loose textured. In addition,
this condition causes black melanin to be replaced by
reddish-brown melanin in chickens and mallards, though not
in pigeons. Much attention has been devoted to the influence
of thyroid hormone on molting, particularly in domestic fowl.
Höhn (1961) and Ringer (1965) summarized the results of
many studies on this subject, but have presented opposite,
though tentative, conclusions. The administration of thyroid
hormone produces a molt within 7 or 8 days, whereas
thyroidectomy in the domestic fowl prevents subsequent
molting. From this and other evidence. Höhn (1961: 101)
suggested that the thyroid ''. . . is required for the stimulation of growth of new feathers, an essential factor in the
molting mechanism.'' It may be necessary for the sex
hormones to have reached certain levels before the thyroid
hormone has its effect. On the other hand, injections of
progesterone can induce molting in domestic fowl, and
prolactin may also do so. Juhn (1963) presented evidence that
progesterone-induced molting in fowls does not take place
through activation of a bird's own thyroid. In addition,
Himeno and Tanabe (1957) found that thyroid activity (as
measured by thyroidal uptake of radioactive iodine) did not
differ apprecfably between molting and nonmolting hens.
Ringer (1965) endorsed their suggestion that natural molting
in hens is not induced by activation of the thyroid function.
Juhn (1963) cautioned that experimental procedures,
however effective, may not reflect the natural mechanism
of molting. She suggested that no one environmental factor
may be causal in all cases. Most importantly, however, she
suggested that molting is essentially an autonomous process
within the feather papillae. One or another environmental
factor may well serve as a seasonal trigger. This need not
necessarily be because of surges in the production of hormones, but rather because the physiology of the papillae
changes spontaneously and cycHcally. As a papilla becomes
activated in preparation for feather growth, it appears to
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become increasingly sensitive to certain secretions. When its
sensitivity reaches the level of these hormones, growth is
stimulated to begin. Juhn cited experimental evidence from
the work of Van der Meulen (1939) and Harris and Shaffner
(1957) in support of this proposed mechanism.

Studies of the Anatomy
and Physiology of Feather Follicles
A follicle is formed in the same embryological process that
forms a feather blastema. It functions with the feather
muscles to support the feather and adjust its posture and to
hold the feather until it is molted. The anatomy and physiology of follicles, however^ have received much less study than
those of feathers themselves. Davies (1889) and Keibel
(1896) dealt with the embryology of foUicles insofar as it
relates to the ontogenetic and phylogenetic history of
feathers. Greife (1934) and Lilhe (1940) added a few details
about the histology of the follicular wall in conjunction with
feather regeneration.
The retention and loosening of feathers in their follicles are
matters of practical interest to poultry processors. If the
feathers are loose on a freshly killed chicken, they can be
plucked without damaging the skin. This helps to keep the
dressed carcass wholesome and in best appearance. Several
drugs and methods of kilhng have been found to loosen the
feathers, but none can be used commercially. The mechanism
of their effect is unknown, although presumably it involves
relaxation of the feather muscles. More basically, it is not
known just what holds a feather in its follicle. To provide
such information, research on the anatomy and physiology
of the feather follicle has been in progress since 1958 under
the direction of Dr. Robert K. Ringer in the Department of
Poultry Science at Michigan State University. Among the
topics that have been studied are the force needed to pull out
feathers under various conditions, intrafoUicular pressure,
and the distribution of nerves and blood vessels to the
follicles.

Implications of Feather Development
for Theories of Feather Evolution
General
Fossils of the oldest known ^^bird/^ Archaeopteryx lithographica, include impressions of remiges, rectrices, and their
coverts. These can be seen in the plates pubhshed by de Beer
(1954: pi. 11-15). In spite of the fact that the fossils date
from some 150 million years ago, their feathers are essentially
hke their counterparts in modern birds. There is no fossil
evidence to show how they evolved from precursors in
ancestral reptiles. The stages by which feathers evolved have
had to be inferred from the comparative embryology and
anatomy of modern feathers, avian scales, reptilian scales,
and hair. Differences among workers concerning the interpretation of such evidence cannot be resolved by experimentation. The evolutionary approach to the study of feather
structure and development has therefore been more

theoretical and had more divergent conclusions than designed
experimental approaches.
Ideas of Kerhert^ Davies^ Bornstein^ and others
Similarity among early embryonic stages of feathers, hair,
and reptilian scales was noticed at least as early as 1876 by
Kerbert. He judged scales of reptiles to be homologous with
the scales of birds and with feathers and hair. Natal dow^ns
were regarded as being essentially cylindrical horny scales,
the upper border of which had become frayed out in separate
strands. Wiedersheim (1883) stated that they represented an
intermediate stage between reptilian scales and definitive
feathers. Davies (1889) show^ed that avian scales and feathers
were equivalent only to a single layer in reptilian scales, and
that the underside of a feather does not correspond to that of
a scale. He was apparently the first to propose the hypothesis
that feathers evolved from the scales of reptiles. He suggested that the process by w^hich this took place might have
been analogous to the embryological formation of a hedgehog
quill. Slender structures evolved into downlike feathers as
devices that afforded retention of body heat. Contour
feathers could then have evolved from the downlike ones.
Davies stated as a coroUary that if feathers have been
derived from reptifian scales, then all the scales on the legs
and feet of the reptilian ancestors of birds Avere transformed
into small feathers. Hence, in his view, the scales and scutes
of birds had been secondarily evolved from feathers, and were
not homologous with the scales of reptiles.
Both Keibel (1896) and Bornstein (1911) reafiñrmed the
homology between feathers and a portion of a reptilian scale.
Keibel also supported Davies' theory on the evolution of
feathers, but cautioned that no embryonic feathers of living
birds could give an exact image of primitive feathers.
Bornstein rejected, however, the notion that the scales on the
legs and feet of birds had been derived from feathers.
Ideas of Jones^ Schaub^ and Steiner
Natal downs had been regarded by Davies as a distinct
generation of feathers, although he knew^ that their bases
w^ere joined to the tips of their successors. Jones (1907), on the
contrary, argued that they w^ere simply modified tips of
juvenal contour feathers—a result of continuous growth.
This view was endorsed by Schaub (1912), except that this
author allowed for a brief pause between the periods of
embryonic and juvenal growth. The downy tip was thus
interpreted as a secondary development rather than as the
primitive form of feather. It did not represent an intermediate
stage in the evolution from reptilian scale to contour feather.
Natal downs were, in fact, thought to have originated after
the main branches of the avian phylogenetic tree had
developed and the primitive contour feathers had differentiated. Hence they were felt to have only hmited value for
tracing the phylogeny of birds.
Steiner (1917) supported the view that natal downs were
not primitive structures. He argued that feathers arose as

HISTORICAL INTRODUCTION
adaptations for flight, not for thermal insulation. Building on
Davies' ideas, he suggested that the main part of a contour
feather was homologous with the upper half of a scale, while
the afterfeather was homologous with the under half. The
underside of the main part of a contour feather would thus
correspond to the deeper surface of the germinal epithelium
of a scale, not to the underside of the whole scale.
Ideas of Ewart and Heilmann
Ewart (1921) stated that although feathers were related to
reptilian scales (without considering homologies), they could
not have been derived from. them. In support of Bornstein,
he rejected Davies' assumptions that the feathers on the feet
had evolved from scales and that avian scales had been
acquired secondarily. Nevertheless, Ewart followed Davies in
postulating the evolution of down feathers from slender
structures resembling early embryonic feather primordia. He
regarded the evolution of contour feathers as having taken
place subsequently but did not offer any suggestions as to how
this might have happened. This sequence was the opposite
of that proposed by Schaub, but Ewart gave no indication
that he was aware of this. His major innovation was the
suggestion that the evolution of contour feathers had been
interrupted in most, if not all, birds by the evolution of
densely downy mesoptiles. Like natal downs, mesoptiles were
presumed to have arisen as thermal insulators, in this case
during an ice age. This theory was based on analogy with the
feathers of nestling ducks and penguins and had neither
embryological nor paleontological support. Curiously, Ewart
stated that the ancient mesoptiles were not an intermediate
stage between the primitive downs and the contour feathers,
although his evidence seems weak. This line of reasoning leads
to the phylogenetic conclusion (not explicitly stated by
Ewart) that the ancestors of penguins had arisen and had
diverged from those of other birds long before the appearance
of Archaeopteryx.
Heilmann (1927) did not conduct research on the growth
of feathers, but he drew on the work of others in developing
his own theory on the evolution of feathers. He accepted
Kerbert^s view of a feather as being a cylindrical fringed scale
and regarded the transition between feathers and scales, seen
on the legs of gallinaceous birds, as depicting the phylogenetic
stages. He postulated that as the reptihan ancestors of birds
leaped from branches, friction of the air caused the outer
edges of scales to become frayed. The strands became larger
and developed into the barbs of feathers. This process
supposedly began on the tail and the rear edges of the front
limbs, from whence it spread over the rest of the body. In
theorizing that contour feathers had evolved before downs,
Heilmann had reached the same conclusion as Schaub and
Steiner, though for totally different reasons. He made no
reference to Schaub's ideas although they would have
supported his case.
Heilmann's theory on the origin of feathers has been widely
repeated, although it contains several major flaws. The
homology between feathers and reptilian scales had already
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been shown to be partial instead of complete. Evolution of the
fringes was said to have been accomplished through the
inheritance of acquired characters rather than the natural
selection of mutations. Even if these corrections are made,
the proposal that the complex pennaceous structure of flight
feathers resulted from fraying and arose before the simpler
structure of other feathers is still extremely implausible.
Finally, friction of the air would seem more likely to have
caused the scales elsewhere on the body to vanish rather than
to become enlarged because they have no aerodynamic role.
Ideas of Boas^ Blaszyk^ and Broman
Davies' and Steiner's views on the homology of feathers
and scales and on the nature of natal downs were revived by
Boas (1931). He pointed out that since successive feathers are
joined to each other, yet are regarded as belonging to
separate generations, the natal downs, though also connected,
should likewise be regarded as representing a separate
generation.
Blaszyk (1935) investigated the scales and feathers on the
legs of birds. He suggested that anlagen for both existed
beside each other in the skin all over the body. The formation
of one structure or the other depended on quantitative
differences in the potentiahty of the anlagen in each location.
However, Blaszyk did not make clear his ideas on the role
of this supposed condition in the evolution of feathers.
Blaszyk followed Jones and Schaub in the opinion that the
ontogenetic sequence of feathers does not repeat the phylogenetic sequence. Nevertheless, he reasoned that since
feathers develop first on the wings in an embryo, they must
have evolved first on the forelimbs of the ancestors of birds.
This meant that feathers arose as adaptations for flight, and
hence were originally contourlike in structure. Thus, Blaszyk
arrived by a new approach at the same conclusion as Steiner
and Heilmann. He added to it the idea that downy structure
evolved subsequently as thermal insulation in the proximal
part of the contour feathers.
Broman (1941), on the contrary, took the position of Davies
and Ewart that the primitive feathers were downy. He
endorsed Boas' reasoning that natal downs were a separate
generation of feathers. As a result of his study of the embryological development of the feather tracts, he rejected the
notion that they had been continuous over the body in
primitive birds. Instead, he offered a hypothesis that
originally the feather tracts were small, isolated patches, and
that subsequently they became filled in and united in different
groups of birds. The variety of patterns of natal pterylosis led
him to the opinion that birds were polyphyletic in origin.
Broman thus supported a theory advanced by Schaub on the
basis of the diversity in structure of natal feathers. This was a
paradoxical position, for he contradicted Schaub's views on
the evolution of feathers and the identity of the natal downs.
Assuming that the primitive feathers were distributed in
small tracts. Broman concluded that they could not initially
have had any value for conservation of body heat. He
suggested, therefore, that they had originated as tactile
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organs or species recognition marks. As the initial patches of
down became larger and were supplemented by others, the
plumage became sufficiently continuous to have insulative
value. This he believed to have been followed by the evolution
of contour feathers^ a development that made possible flight.
An important innovation of Broman's theory of feather
evolution was that it was explicitly based on genetic changes.
Unfortunately, though, he gave very little thought to the
selective factors that were needed to establish these changes.
Summary to this point
The theories on the origin of feathers that w^e have
reviewed so far have fallen into two main schools of thought.
On the one hand is the assumption that the ontogeny of
feathers sketches their ph^dogeny. This means that natal
downs are regarded as a distinct generation of feathers and
that primitive feathers were downy. It leads to the conclusion
that feathers originated as thermal insulation (or tactile
structures or specific recognition marks). Implicit here is the
belief that down feathers and downy barbs have a simple
structure. Those who follow this school of thought assume
that contour feathers and pennaceous barbs could have
evolved from this structure or something like it.
The contrary school of thought holds that ontogeny of
feathers does not repeat their phylogeny. The primitive
feathers are thought to have been of the contour type and to
have evolved as aids for flight. Homoiothermy in birds and the
adaptation of feathers for external temperature control are,
in this vieW; believed to have been later evolutionary
advances. Parkes (1966) argued in support of this theory.
A corollary of this theory is that natal downs are secondary
formations.
Ideas of Becker and Parkes
Becker (1959) proposed a third model for primitive
feathers, based on her study of the early plumages of a
Scrub Fowl (a species of megapode) and other galhnaceous
birds. She agreed with the view that natal downs are a
separate generation of feathers, but she did not beheve that
their structure is simple. Downy barbules, she maintained,
are a specialized type and are not ancestral to pennaceous
barbules. Becker suggested that primitive feathers may have
resembled the first feathers of a Scrub Fowl (MegapocUus
freycinet) both in overall structure and in the form of the
barbules. These megapode feathers can best be considered
semiplumes in which the distal margins of the vanes are flat
and lax. In this, as well as in the possession of a distinct
rachis, they tend tow^ard the appearance of contour feathers.
Somewhat similar feathers can be seen as the second-generation semiplumes on the femoral, crural, or abdominal tracts
of a chicken. The barbules in the flat portion of the vanes
of the young megapode feathers resemble those that we
designate as reduced pennaceous barbules of a chicken
(fig. 171, A, p. 251). According to Becker, they show the
original form of barbules, from which both plumulaceous and
pennaceous types were derived. Because Becker believed that

semiplumes with such construction could not have served for
flight, she concluded that the primitive feathers served to
cover the body, contribute to the appearance, and provide a
thermal insulation.
Becker's concept of a primitive feather seems more
plausible than those of other authors. It is simpler to imagine
the evolution of both pennaceous and downy feathers from
flat, lax semiplumes than to imagine either a pennaceous or a
downy feather evolving from the other. At the same time,
however, it does not seem necessary to conclude that primitive
semiplumes must have arisen with homoiothermy in birds.
The theory that pennaceous contour feathers were the first
type to evolve is harder to accept than the above, owing to
the greater complexity of the structure. Its corollary that
feathers arose as adaptations for gliding flight is, on the other
hand, a more plausible explanation than thermal insulation
(Parkes, 1966).
Elements of both theories can perhaps be combined. We
suggest that primitive feathers were flat, lax semiplumes and
that they evolved in conjunction with flight. Feathers of this
kind along the trailing edge of the forelimbs could have been
adaptive for simple gliding, as discussed by Parkes (1966: 82).
From them the pennaceous contour feathers seen on
Archaeopteryx could have evolved. Adult down feathers and
downy bases of contour feathers also can readily be imagined
to have evolved from primitive semiplumes. Indeed, semiplumes would seem to be more preadaptive than pennaceous
feathers with respect to thermal insulation. Finally, we may
add the suggestion by Parkes (1966: 83) that after evolving
in conjunction with flight ". . . the major [itahcs his] new
addition to the feather system to permit it to assume an
efficient thermoregulatory role would thus have been the
musculature to control erection and depression of feathers.''
Ideas of Sengel and Rawles
This combination of ideas still does not help to explain the
crucial earlier phase of the transition from scales to feathers.
Part of an answer to this question may come from the
experimental studies of the potentialities of the embryonic
epidermis. Sengel (1958a, b) and Rawles (1963) found that a
given piece of this tissue can produce feathers or scales,
depending on its induction by the dermis. This bears out
Blaszyk's hypothesis on the bipotentiality of the skin,
although not the exact mechanism he proposed for it. Rawles
(1963: 785) concluded that:
The remarkable ability of epidermis to alter its course of differentiation at relatively late developmental stages, suggests that
the morphological similarities between the scale and the feather
may be more than superficial. It is possible that relatively few
metabolic differences exist between them, thus permitting one to
be converted into the other with relative ease. Nor is it impossible
that these differences are of a quantitative rather than a qualitative nature.

Thus the initial step in the evolution of feathers may have
resulted from only a slight change in the metabolism of
growing reptilian scales.
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EMBRYONIC DEVELOPMENT AND STRUCTURE OF FOLLICLES AND FEATHERS
Chicken
Formation of skin
Before considering the embryonic history of feathers and
follicles, we will describe the formation of the skin itself. This
account is based on descriptions by Hamilton (1952: 546)
and Romanoff (1960: 1016). The skin (or integument) has
two main layers—the epidermis above and the dermis below.
They originate from two of the three primitive layers of the
embryo. Epidermis arises from the ectoderm late in the first
day of incubation. On the second day, the single layer of
original ceils starts to divide and forms the beginning of a
superficial layer of squamous cells, the epitrichium, and a
deeper, compact layer of cylindrical cells. New cells continue
to proliferate in the deeper layer, which is accordingly known
as the stratum germinativum. This term and its equivalent in
English, the germinative layer, are more descriptive than the
synonyms mucous layer, stratum Malpighii, and Malpighian
layer. On the fifth day of incubation, the germinative layer
begins to form a thin cornified layer in the epitrichium. After
13 days, it multiplies rapidly, forming a stratified squamous
epithelium. The outer flattened cells become cornified and
hence recognizable as a distinct layer, the stratum corneum.
The epitrichium is shed with the outer cornified cells when the
epidermis is fully formed. Throughout the life of a bird, cells
are added to the corneous layer from the germinative layer
below, and they are sloughed off the surface.
A very thin basement membrane forms between the
epidermis and the dermis. Experimental evidence ''. . . supports the view that the epidermis is concerned in the
formation of the basement membrane and that it may
produce at least some components of this structure" (Dodson,
1967: 99).
The dermis originates from components of the mesoderm,
the middle germ layer. That portion of the dermis, which will
cover the dorsal and dorsolateral regions of the body comes
from the outer layer (dermatome) of the segmentally
arranged blocks of primitive mesoderm known as somites.
The dermis on the ventral and ventrolateral regions of the
body stems from the outer cells of the somatic layer of
mesoderm^ an unsegmented sheet that is originally lateral to
the somites. Migrating cells from both components form a
reticulum known as mesenchyme. About the 12th day of
incubation, connective tissue and muscles of the dermis begin
to differentiate in the mesenchyme beneath the epidermis.
Blood vessels and nerves grow into the dermis from other
components of the germ layers. Below the dermis, and hence
technically not part of the skin, a highly variable layer of
subcutis differentiates, incorporating fat, collagenic fibers,
blood vessels, and nerves. The histology of the integument
and the subcutis is described in detail in chapter 9.
The character of the integument and its derivatives is
everywhere developed through reciprocal inductions between
the dermal and epidermal primordia. Experiments using
tissue culture and the transplantation of embryonic tissues

have already revealed some of the inductive properties of
these tissues. It appears that the presumptive dermis first
causes the general ectoderm to differentiate into typical
epidermis (Sengel, 1958a). The presumptive dermis in each
region then determines whether the epidermis will produce
feathers or scales (Cairns and Saunders, 1954). The dermis
acquires its specific inductive capacity in each location at a
certain time in the embryological period (Rawles, 1963,1965).
This takes place in some regions (e.g., middorsal) long before
there is any morphological sign in the arrangement or shape
of the cells. The intensity of the dermal stimulus also varies
among regions. Rawles has also shown that the epidermis
remains competent to respond to specific stimuh of the dermis
for a relatively long time in development. At least in certain
regions (e. g., middorsal), the epidermis eventually becomes
restricted in competence within a specific, rather brief period
of time.
Origin of feather germ^ 5 to 8 days
Dermal condensation and epidermal placodes.—The primordia of feathers appear in Brown Leghorn or White Leghorn
chick embryos late in the 5th day of incubation (Holmes,
1935: 517; Wessells, 1965: 133). This is equivalent to stage
28 in the Hamburger and Hamilton (1951) series. The process
starts with the condensation of mesenchymal cells into a layer
of dermis; differential mitosis and migration of cells may be
involved. Holmes (1935) reported that this dermis forms into
a line within each presumptive tract. These lines have a
regular orientation and location in relation to the bird's body;
they usually appear at or near one margin of a future tract.
Those on the dorsal and ventral sides of the trunk are
oriented longitudinally, those on the thigh, more or less
dorsoventrally, and those on the upper surface of the wing are
parallel to the trailing edge. Wessells (1965) noted that he did
not observe such ridges in the dermis of the upper back.
The first visible signs of feathers are clusters of epidermal
cells that are more elongate than previously. These clusters,
known as placodes, appear before or at the same time as
individual clusters of dermal cells (Kischer, 1963). This
suggests that the ectoderm initiates feather development
(Wessells, 1965).
Dermal cells begin to congregate beneath the placodes
about 12 hours after dense dermis has formed in a given area.
This takes place during a brief period of 6 to 12 hours; on the
upper back it occurs at 6 to ^}4 days (stages 29-f- to 30;
Wessells, 1965: 147). The density of mesodermal cells
increases slightly as the dermis forms from mesenchyme and
then approximately doubles in the specific regions that are
taking part in feather formation. An epidermal placode and
the dermal condensation beneath it constitute the germ or
rudiment of a feather.
Sequence of feather germ formation.—^ described by
Holmes (1935), each line of dense dermis and overlying
epidermis breaks up into a row of feather primordia. These
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soon become tiny humps on the surface. A new row of
primordia forms on each side of the first as the cells congregate
opposite the spaces between the original humps. Subsequent
rows repeat this alternation of primordia and spaces. At the
same time, additional humps arise at the ends of the rows. In
this way, the patterns of the feather tracts are laid out.
Virtually all the folhcles of a bird are formed in the embryo,
and they persist throughout Efe. Gerber (1939) showed that
this applies to follicles for tract down feathers and filoplumes
as well as to contour feathers, even though the feathers
themselves may not appear until some time after hatching.
A few folhcles for downs may grow along the edges of the
tracts at later ages in chickens (Holmes, 1935: 517).
Feather germs appear in a regular sequence among tracts
and within each tract. This order has been described for
chickens and several other kinds of birds by Broman (1941),
Gerber (1939), Holmes (1935), and Maillard (1948). The
times and order of appearance vary among accounts for
chickens, the birds in which these subjects have been most
studied. This variation may be due to differences in the birds
used for study and in the methods and criteria of the
investigators.
The order in which feather germs begin to appear on the
tracts was reported by Holmes (1935: 521) for Brown
Leghorn embryos as follows : 5th day of incubation—femoral,
humeral, pectoral, and sternal tracts; 6th day—spinal tracts;
7th day—alar, crural, and capital tracts. Timing for White
Leghorn embryos was given more precisely by Hamburger
and Hamilton (1951) as follows: stage 30 (ca. 63^ days)—
spinal tracts; stage 31 (ca. 7 days)—femoral and caudal
tracts; stage 32 (ca. 73^ days)—humeral and alar tracts;
stage 33 (ca. 7^ to 8 days)—no new tracts; stage 34 (ca.
8 days)—ventral cervical and capital tracts; stage 35 (ca.
8 to 9 days)—sternal tract. The femoral, humeral, and
sternal tracts are said to appear 2 to 3 days later in the
Hamburger-Hamilton series than in Holmes' embryos. White
Leghorn embryos studied by Wessehs (1965) agreed with the
Hamburger-Hamilton series to the extent that the first
feather germs on the spinal tract appeared at stage 30; those
in other tracts were not considered in this study.
The foci of development in the median (i.e., spinal) tracts
are on the midline, whereas those of the paired tracts tend to
be situated away from the center of each tract, near its
posterior border (Holmes, 1935: 521). Subsequently, more
primordia arise outward from the foci. This pattern reappears
during the first three molts of a young chicken in the sequence
of feather loss and regeneration, as discussed in chapter 4.
Experimental studies (Juhn and Fraps, 1934; Fraps and Juhn,
1936) have shown that the order in which the primordia
develop is significant for determining the size and the degree
of asymmetry of definitive feathers in each tract.
The feather germs w^e have been speaking of will give rise to
contour feathers, semiplumes, and the down feathers on the
apteria. The filoplumes arise a little later, but are discussed
separately because of their peculiar development (p. 388).

Inductive activity.—Dermis is beheved to induce epidermis
to begin its differentiation during early feather germ formation. Details of feather structure and the precise order of
feather growth within a tract are thought to be set at this
time, as are probably physiological properties such as growth
rate and the thresholds of response to hormones. The dermis
then loses its inductive capacity, and the epidermis takes over
(Sengel, 1965). It induces the dermis to form a core of
vascularized pulp (Sengel, 1958a), and it determines the
specific properties of the feathers. The dermis retains only the
capacity to stimulate the epidermis to produce a feather.
Anchor filament himdles,—DMÚVLg formation of dense
dermis and early feather germs, long fiberlike processes
extend downward from the region of the epidermal-dermal
interface into the dermis (Wessells, 1965: 137). These
structures, called anchor filament bundles, are invariably
situated beneath the centermost cells of future epidermal
placodes (Kallman et al., 1967: 236). Electron microscopic
examination has revealed that they are extracellular fibers
composed of fine filamentous subunits. The diameter of these
bundles is up to 0.95^ in the lower portion. They originate
from the basement membrane and extend up to 57M into the
dermis, where they sometimes connect with mesoderm cells
(Wessells, 1965: 137). The epidermal cells directly above
them almost always bulge or extend into the dermis. Anchor
filament bundles are most prominent just at the time when
inductive tissue interactions are thought to be occurring;
they appear to play some role in this process (Kallman et al.,
1967: 238). Within 24 hours, when a feather germ begins to
elevate, bundles cannot be found beneath its center although
they remain intact around its periphery.
Elevation of feather germs.—Th^ basal epidermal cells of a
placode continue to elongate as the mature dermis is condensing beneath. The epidermal cells often appear to pile up
in stratified layers toward the center of each placode
(Wessells, 1965: 138). Also at the center, the cells of the basal
layer cease to extend into the dermis. These developments

take place during stages 31 and 32 (ca. 7 to 1}4 days) in the
earliest feather germs on the back.
A feather germ starts to elevate shortly after it has reached
the preceding stage; this is at late stage 33 (ca. 73^ to 8 days)
for the eariiest germs on the back. Both epidermis and dermis
are involved. The epidermis remains two-layered during this
early phase, but the cells in the basal layer become much
larger near the tip than those near the base. Experiments have
shown that dermal cells that are descendants of those at the
center of the original condensation remain close together,
often near the tip or on the axis of the dermal core. Those at
the edge of the condensation or in the surrounding dermis
divide and contribute a great many daughter cells to the base
and sides of the core, 'Thus, the feather germ is not a closed
system—mesoderm cells that are 'skin' cells during the
condensation stage become 'feather' cells during outgrowth"
(Wessells, 1965: 148),
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Differentiation of a feather germ^ 9 to 16 days
Establishment of epidermal layers.—The lower or germinative layer of the epidermis of a feather germ begins to divide,
forming a new ]a3^er between itself and the epitrichium. The
germinative layer has been called the stratum cylindricum,
and its cells^ cylinder cells^ owing to their supposed shape
(Jones, 1907: 7). We prefer, however, to call it the stratum
básale or the basilar layer of the epidermis, based on the
term ^^epithelium basilaire" used by Vilter (1934, 1935). For
one thing, the cells are rarely cylindrical, as Davies
(1889: 574) pointed out. More importantly, the reference to
level instead of to shape is a reminder that this layer is the
lower component of the original germinative layer of the
epidermis. This makes it easier to follow the homology of the
layers when they differentiate inside the feather germ. The
new component of the germinativum, above the basilar layer,
is the stratum intermedium or intermediate layer of the
epidermis. It is from this layer that nearly all the parts of a
feather are derived.
The term '^stratum intermedium'' has been used with quite
different meanings in avian, reptihan, and mammalian
epidermis. Some of these differences are discussed in chapter 9.
The young feather germ pushes above the surface of the
body, owing to rapid proliferation of its cells. It has been
described as a finger of dermis covered by a thimble of
epidermis (^Espinasse, 1964: 273). Feather germs are visible
macroscopically by the ninth day of incubation (stage 35) in
chicken and duck embryos (Holmes, 1935; Hosker, 1936). At
this age, feather germs on the dorsopelvic tract of chick
embryos are about 0.5 mm. long (Bell and Thathachari,
1963: 217). A germ bends posteriorly as it lengthens, owing
to more rapid growth on the anterior side (Davies, 1889:573).
This is the first sign of orientation in the feather. From now
on, cross sections at all levels will show development to be
most advanced on the dorsal (formerly anterior) side.
Start of invagination, formation of harh ridges.—Growth of
the entire feather germ speeds up sharply toward the end
of the 10th day of incubation (stage 36+) (Watterson,
1942: 247; Kischer, 1963: 306). Germs on the dorsopelvic
tract reach a length of 1 to 1.5 mm. The cells of the intermediate epidermis start to become rearranged into a series
of ridges that are parallel to the long axis of the feather germ
(Bell and Thathachari, 1963: 217). These are known as the
barb ridges because they are the rudiments of the barbs.
During the 10th day, two adjacent ridges appear in the distal
third of the feather germ, in the inner surface of the dorsal
portion of the intermediate layer.
On the 11th day (stage 37), the epidermis at the base of the
germ begins to push downward into the dermis. Cell division
first takes place at the surface of the skin but then shifts to
the proximal region of the invagination. Subsequent growth
of the feather germ proceeds chiefly by cell division at the
base. The base is not the only site of growth, as thought by
Jones (1907: 7), because mitoses can also be seen in the
intermediate cells at higher levels. The invagination of the
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germ results in the separation of the rudiments of the feather
follicle from those of the feather itself.
The epitrichium now consists of two or three plies of cells
on the surface of the feather germ. It does not invaginate and
hence does not line the follicle. Below it are a few plies of
highly flattened cells in which the nuclei are hard to see. These
constitute the beginning of the feather sheath, a layer which
is homologous with the stratum corneum in the epidermis
of the skin. Grading into this layer are five to seven plies of
somewhat flattened cells with readily discernible nuclei. These
can be referred to as transitional cells, a new term (see ch. 9,
p. 486). Later, as they become keratinized and more flattened,
they will add to the sheath.
The intermediate cells are the next layer inside the
transitional layer. They become grouped into barb ridges on
both sides of the original pair until there are nine to eleven
of these around the circumference. All the barb ridges then
lengthen toward the base of the feather germ (Hamilton,
1952: 550). On their inner surface, the barb ridges are
separated from the core of dermis by the basilar layer of
epidermis, which is one cell thick. This layer follows the
contour of the ridges and extends outward between them
nearly to the sheath. That portion of the basilar layer on each
side of a barb ridge can be called the marginal plate, a
translation of the German term ^^Randplatte^' (Schüz,
1927: 124). Each pair of opposing marginal plates constitutes
a boundary plate (translation of the German term
^'Grenzplatte''; loc. cit.) or barb septum (Lillie, 1940: 153).
Formation of follicle, differentiation of harh ridges.—By the
12th day of incubation (stage 38), many feather germs have
sunk a little deeper into the dermis, and their follicles are
more distinct than before. As invagination and outward
growth continue, they will shape the follicle into a deep,
narrow pit and the feather germ into a long cylinder sticking
out of it. Between the follicle wall and the feather sheath is
the follicular cavity. It extends nearly to the bottom of the
follicle and contains corneous cells that have been sloughed
from the sheath. The follicle wall has begun to develop, and
the cells of the germinative layer are taller here than in the
skin. A basement membrane can be distinctly seen between
these cells and the dermis (fig. 228, A'). Feather muscles are
becoming organized in the surrounding dermis; they may
reach the wall of the follicle but do not attach to it at this
time.
At the base of a feather germ, the epidermis has become
thickened by active proliferation of cells. It forms a ring,
known as the epidermal collar, that surrounds a mound of
dermis, the dermal papilla (terms from Lillie and Juhn, 1932;
Lilhe, 1940). A quantity of pulp cells has already been
produced inside the feather germ by the papilla. The innermost or basilar layer of the feather epidermis consists of a
single ply of cells {ñg. 228, A and A'). At this time the basilar
layer can be distinguished from the intermediate layer by its
location but not by the morphology of staining reaction of the
cells. An investigation with the aid of an electron microscope
has given evidence that the basilar cells have processes that
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wedge between or protrude into adjacent cells (Kischer,
1963).
Near the tip of a feather germ, the intermediate epidermis
of each barb ridge begins to differentiate into four longitudinal
components (fig. 228, B'). The cells in the outer half to
three-quarters of a ridge form two masses (components 1
and 2), and their nuclei tend to become slightly compressed
in a plane parallel to the sheath. These masses are the

beginnings of the barbule plates, the rudiments of the
barbules. They have also been called radiogenic plates, a term
derived from radius as a synonym for barbule (Schüz,
1927: 124). Between the plates is a septum (component 3),
one cell thick, in the plane of a radius of the feather tube.
This structure, known as the axial (or interradiogenic) plate,
later disappears in most feathers. The cells in the inner
one-quarter to half of each ridge (component 4) are still
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randomly oriented, but they will eventually form the ramus.
The sides and the inner surface of the barb ridges are lined
with a basement membrane that is continuous with that of
the follicle at the bottom of the feather germ. It will, perhaps,
aid visualization of this relationship to look at figure 233,
page 360, although this drawing shows the calamus instead
of the barb ridges in a regenerating feather. The illustration
shows that the boundary between the epidermis and the
dermis (site of the basement membrane) is continuous from
the feather tube on the inside to the follicle wall on the
outside.
At the center of the feather germ is a cylinder of pulp, the
cells of which resemble those in the dermis of the skin. An
axial artery is present, and in longitudinal section it can be
seen to swell for a short distance above the dermal papilla.
A few other blood vessels are distributed irregularly around
the pulp, but none are visible in the papilla.
Order of growth of feather parts.—A feather does not grow
hke a plant, by sending out branches and twigs, mostly at the
periphery. Cell division occurs mostly at the base of the
feather germ, and the parts differentiate as they move
upward. Accordingly, the distal and peripheral parts of a
growing feather are more fully developed than the proximal
and central parts. The tips of the barbs (and the rachis,
if any) are formed before the bases, and, in feathers with a
rachis, the barbs at the distal end are formed before those at
the proximal end. After the barbules have formed, they
attach to the rami, and the completed barbs then attach to
the calamus, rachis, or hyporachis. When describing a feather
from bottom to top, it is convenient to say that the calamus
^^splits" into the rachis and the barbs. It is important to
remember, however, that the calamus forms after the other
parts. Paradoxically, although the proximal and central parts
of a growing feather are younger and less fully developed than
the parts beyond, they represent a later stage in the history
of the feather as a whole. This sequence must be kept in
mind for any study of factors that affect the appearance of a
feather. Hormones, for example, can affect the structure or
color of a growing feather, and the area of their influence
shifts during growth from the apex to the base. The gradient
in development makes it possible to follow the history of a
growing feather to some extent by examining cross sections at
progressively higher levels from a feather germ at a single age.
Sections near the tip, for example, show how sections from the
middle will later appear. This method of study is hmited in
that no single germ shows the entire history of development
at one time.
Further development, start of keratinization.—While the
rudiments of the feathers and follicles have been forming,
synthesis of embryonic keratin has also been under way. The
first signs of definitive keratin can be detected on the 13th
day (stage 39), although only in the feather sheath near the
tip of advanced germs (Bell and Thathachari, 1963: 217).
By the 14th day of incubation (stage 40), many developing
feathers project further above the surface and also have sunk
deeper into the skin. The wall of their foUicles is more fully
differentiated than before, but because elastic fibers have not
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yet formed, the feather muscles remain unattached to it.
Bundles of nerves are present in the deep layer of the dermis
but not around the follicles or in the pulp of the feather germs.
Follicuiar cavities have disappeared because the feather
germs completely fill their follicles. The lining of a follicle and
the sheath of a feather consequently appear together as a
single layer. The cells comprising this layer are flattened;
their outlines are not visible with hematoxylin and eosin or
with orcein, aniline blue, and orange G, but their nuclei,
though compressed, are distinct. At the mouth of a follicle,
the very thin folhcular lining separates from the thick feather
sheath. Above the surface is an epitrichium, now composed
of several irregular, disjunct plies of cells with large nuclei.
Inside the differentiating feathers, there have now formed
as many as 15 barb ridges, most of which extend nearly to the
base. The clefts between some ridges extend nearly to the
corneum and are swollen at their outer edge. These spaces
probably arise as the ridges differentiate and the cytoplasm
shrinks in the peripheral cells of the barbule plate. The
components of the barb ridges are now distinct in the portion
of the feather germ outside the follicle (fig. 228, B and B^).
The cells of the barbule plates are compressed in the plane
of the sheath and are lengthened parallel to the axis of the
feather rudiment. They begin to fuse together end-to-end,
forming columns that will become barbules. Each pair of
barbule plates is separated by a single layer of smaller cells,
the axial plate. The cells of the presumptive ramus begin to
be compressed and to radiate from the inner edge of the axial
plate toward the inner surface of the barb ridge.
The arrangement of parts is most evident near the tip of a
developing feather. Here the peripheral cells of the barbule
plates are the most advanced in their differentiation into
downy barbules, and they are polyhedral in cross section. The
cells of the axial and the marginal plates, on the contrary,
have shrunk and are therefore harder to recognize at this level
than at lower levels. The marginal plates have now^ separated
from the rest of the basilar epidermis, leaving it as a tube
around the pulp. Its wall conforms to the inner surface of the
barb ridges and is one cell thick. The pulp diminishes in
density toward the tip of the feather germ, an indication that
résorption has begun. The presence of a vascular system—an
axial artery and thin-w^alled sinusoids—suggests that the
pulp has started to function for the nutrition and support
pf the growing feather.
Definitive keratin has been formed extensively in a feather
rudiment by the 14th day, as judged by cytochemical and
X-ray diffraction evidence (Bell and Thathachari, 1963). The
progress of keratinization can also be followed with histological techniques such as Margolena and Dolnick's (1951)
method, w^hich stains keratin golden yellow, or Mallory's
anihne blue collagen method, which stains keratin a distinctive red. These methods show that keratinization is advanced
in the sheath and the barbule plates but has not begun in the
cells of the presumptive ramus or the basilar epidermis.
Stages of growth in a 16-day-old feather and follicle.—By the
16th day of incubation (stage 42) in a chick, the dermis and
the subcutis between the follicles are noticeably more
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differentiated than before. An upper layer in the dermis is
composed of several plies of highly compressed fibrocytes and
many capillaries. Below this is a much thicker layer of loose
collagenic tissue with arteries^ veins, feather muscles, and
nerves. Avian lamellar (sensory) corpuscles are not yet
evident. The subcutis now contains deposits of multivacuolate
fat cells. The germinative layer of the foUicular epidermis
consists of a single layer of cuboidal cells with large, spherical
nuclei. A basement membrane is no longer visible outside the
follicular epidermis. The corneous layer of the follicular
epidermis near the base of the folhcle is continuous with the
feather sheath. Some of these cells on the dorsal side are now
slightly keratinized, and the relative thickness of the
unkeratinized layers inside and outside of them shows that
most of the combined corneum belongs to the sheath.
A section near the base of a feather rudiment at 16 days
incubation (below the level shown in fig. 228, C and CO resembles one at a higher level in a 12-day-old specimen. The
sections differ in the morphology of the intermediate epidermal cells and in the fact that the sheath is keratinized in
the older specimen. The barb ridges are differentiated into
basilar and intermediate layers; intermediate cells have
started to differentiate further, for they are smaller and more
closely packed near the axial border of each ridge than at
the periphery.
In the 16-day-old embryo, at the level where a feather
germ emerges from the skin, the sheath is fully keratinized,
but the lining of the follicle is not keratinized at all. The
sheath separates cleanly from the lining, leaving a folHcular
cavity that extends downward for a short distance. This
cavity is a new development that probably results from
shrinkage of the germ or swelling of the follicle or both.
Within a feather rudiment, the barb ridges have each differentiated a ramus near the inner edge and two masses of
barbules near the peripher3^ The development of the rami
is the most conspicuous change from earlier stages. One
of the ridges on the dorsal side sometimes contains a mass
of cells that is a presumptive rachis, whereas a smaller mass
is in an opposite ridge, the presumptive hyporachis. These
ridges resemble the rami but are slightly larger than them.
The columns of barbule cells have each lengthened, differentiated, and fused into a base and a pennulum. In cross
section, the bases of adjacent barbules are seen as the flat
cells beside the ramus, and the pennula are the rounded or
polyhedral cells near the feather sheath. All the barbules at
this level are in the process of keratinizing.
The parts of a feather at a higher level have essentially
finished their development by the 16th day (fig. 228, C
and C). The sheath is thinner here than at a lower level
and has one or two disjunct layers. Each ramus has differentiated into a cortex and a medulla. The cortex has four to
six plies, and the cells are flattened, particularly at the sides.
The medulla is commonly one or two cells wide and about
three cells high; the cells are large and empty except for a
small nucleus. In cross section, the rami are oblong, oval, or
deltoid (pointing outward). The outer edges of the rami
(i. e., those facing the sheath) will form the dorsal surface of
the vanes after a feather emerges from its sheath. The axial

plates and the margin al plates haveatrophied so far as to
have nearly vanished, but the tube of basilar epidermis
around the pulp has grown thicker. The pulp of some
specimens shows spaces between the epidermis and the wall
of the axial artery, indicating that it has begun to be resorbed.
Completion of follicle and feather ^ 17 days to hatching
Follicle,—At the 19th day of incubation (stage 45) the
epidermis between the follicles shows a corneous layer that is
thicker than and more distinct from the germinative layer
than earlier. It has a layer of keratinized cells that is partly
separate from a deeper layer of several plies of thin, keratinizing cells. The surrounding dermis has further differentiated
into dense and spongy layers. Inner and outer elastic
membranes have formed in the walls of arteries, and a few
elastic fibers have formed in the compact layer of dermis
around each folhcle. A very few of these fibers have appeared
at the ends of the feather muscles. Their development during
the next several days has not been studied, but it is probably
rapid. This is inferred from the fact that in l-day^old chicks,
tendons composed of elastic fibers are well developed between
the fohicular wall and the ends of the feather muscles in the
temporal region.
In returning to the 19-day-old embryo, we find round,
faintly laminar condensations of collagenic connective tissue
in the dermis near the folUcles. These are early stages of the
shell of avian lamellar (sensory) corpuscles. According to Tello
(1922), these bodies begin to form in the knee joint as early as
the seventh day of incubation. W^e have not been able to
recognize them in the skin, however, until the present, much
later age.
Rachis and calamus,—Feathers develop principally in their
basal portions after the 16th day of incubation. Six to eight
rami on the dorsal side of a rudiment grow toward each other
and fuse at their proximal ends, thereby forming an extremely
short rachis. The length of the rachis varies among species of
gallinaceous birds and can be partly correlated with the size
of the chick at hatching (Clark, 1964: 23). There is no rachis
in the natal downs of such quail as Common Coturnix. It is
short in turkeys (both Meleagris and Agriocharis) and
tragopan pheasants, all of which are larger than chickens at
hatching. The rachis is longest in megapodes, the largest
galliforms at hatching. Certain curassows (e. g., Crax spp.)
are exceptions to this pattern in that the newly hatched
chicks are large, whereas their natal downs have only a short
rachis or none.
A calamus of some sort begins to form on about the 17th
day of incubation in feathers of the femoral tract. It is the
only part of a natal down in gallinaceous birds that varies
among feathers from different parts of the body (Schaub,
1912: 172). The range of variation in a baby chick is nearly
as great as the full range among species of birds. On the one
hand, the rachis may fuse with the barbs, as in the natal
rectrices and feathers of the body tracts. Development of
barb ridges ceases in this case, and further proliferation of
cells from the epidermal collar forms an undifferentiated tube
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that is a typical calamus. Before this is completed, the pulp
becomes entirely resorbed, and a final pulp cap is formed over
the dermal papilla. This cap closes the inferior umbihcus of
the finished calamus. About 2 days later, the papilla induces
the collar to resume growing. Barbs of a juvenal feather begin
to develop from the basilar layer of the collar; they project
inside the calamus, where they are continuous with the edge
of the last pulp cap. Becker (1959: 420) clearly demonstrated
this in baby chicks of several gaUiform species.
At the other extreme of calamus formation, the rachis and
barbs do not fuse; this is the condition in the natal remiges.
The barb ridges dedifferentiate only partially, and they
continue to produce separate barbs. These lack barbules and
their rami are solid, without a medulla. The barbs are held
together by a short length of the sheath. This tube resembles
a calamus but is not truly a calamus because it does not
incorporate the intermediate layer of epidermis. After the
barbs and the '^calamus'' have grown, as described, for about
2 days, differentiation of cells for complete barbs is resumed.
The new^ portions mark the beginning of the next generation
of feathers. The barbs of the juvenal feather are thus
continuous, through simpHfied intermediate portions, with
those of the natal dow^n.
Additional centers of growth arise in the epidermal collar,
wdth the result that several natal barbs lead into two or three
juvenal barbs. This condition of a basal tube similar to a
calamus and separate barbs is common in the natal downs
of many birds, and has been well described by Jones (1907).
An intermediate condition exists in the natal major upper
coverts of the remiges. Here, dedifferentiation of the barb
ridges proceeds to the extent that separate barbs are no
longer formed. The wall of the calamus is not homogeneous,
how^ever, because columns of cells can be seen in histologie
sections, and the tube splits under pressure into a circlet
of strands. Although these represent the barbs, there is no
clear continuity between the natal barbs and those of the
juvenal feather. The calamus incorporates more cells of the
intermediate layer with the sheath than in the extreme
condition, where the barb ridges continue to produce
separate barbs.
The sheath is evident at the lower end of an embryonic
feather as long as a calamus is not formed. Li most cases,
however, a calamus is present, and the sheath is incorporated
in it. The cells of the intermediate layer are ñattened and
keratinized as thoroughly as those of the sheath. Except for
this modification, a calamus can be recognized as a stratified
squamous epithelium in a tubular form. The calamus provides
a key to the reahzation that the upper parts of a feather
indeed have basically the same structure as the lower parts.
The homology betw^een the layers of the feather tube and
those of the skin and the folHcle is shown diagrammatic ally
in figure 160, page 238. Longitudinal cracks sometimes
appear in the calamus of a natal down from a chicken. They
are irregularly spaced and hence artifacts, probably caused
by handling and sectioning.
Fmal differentiation,—Differentiation of form and keratin
in the barbs is entirely finished by the 19th day of incubation.
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Nuclei and boundaries of the cells have disappeared in all
parts of the barbs, as show^n in figure 228, D^ The cortex of
each ramus has thickened and the meduha has become
emptier than formerly. The bases of the barbules are more
flattened and the pennula are more nearly oval or round in
cross section than earlier. These parts are more loosely packed
than formerly, owing to the shrinkage as they keratinize. The
cells of the axial and marginal plates have nearly vanished.
The basilar epidermis on the inner surfaces of the barb ridges
fuses into a tube around the pulp. This structure is known as
the ''pulp epithelium" (Schüz, 1927: 126), in reference to its
location, not its source. After the stage shown in figure 228,
D and D', the pulp epithelium differentiates into inner and
outer layers. As the tip of the pulp is resorbed, the inner layer
produces a series of pulp caps at periodic intervals. This
process will be described more fully in the account of regenerating feathers (pp. 381-383).
Emergence of feather from sheath after hatching,—Shortly
after a chicken hatches (stage 46), the sheath of each feather
dries and flakes away from the bundle of bards. The large
size and degenerative appearance of these squamus cells
have been illustrated (Lucas, 1961, figs. 339-342). The barbs
spread out, the barbules are unbound from the rami, and the
natal down becomes fluffy. The structure of these feathers, in
particular the rachis, is shown in figure 175, page 264. The
gradation in the length of the barbules (shown on one barb
only) can now be understood as a consequence of the developmental process. The first barbules to form were very small,
but subsequent barbules became larger as the feather as a
whole grew, until it reached its final thickness. In order of
formation, the first barbules were those at the tips of the
barbs and later, barbules arose toward the base. This illustrates the statement by 'Espinasse (1964: 273) that a feather
is the keratinized embodiment of epidermal cells that have
differentiated in special Avays before they join together,
keratinize, and die. The external pulp caps persist for a short
time, but they are fragile and easily knocked off without the
protection of the barbs. Fragments of the sheath, the caps,
and the cornified remains of the interstitial cells constitute
debris that is often held in the dow^ny barbs.
Duck
Early formation
The development and the histology of the follicles and the
feathers in a duck embryo are very similar to those in a
chicken. There are only three points of major difference—the
time schedule of development, the existence of three types
of natal feathers, and the structure of these feathers. The
foUowing discussion wih be confined to these topics.
The feather primordia appear later and develop a little
more slowly in Pekin Ducks than in chickens, reflecting the
longer incubation period of 28 days. The following chronology
is taken from the study by Hosker (1936). The first rows of
primordia appear on the spinal and femoral tracts during the
seventh day of incubation. They are the beginnings of the
prepennae, the natal feathers that will precede contour
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feathers. Invagination and differentiation into follicle and
feather begin at about 11 days. Formation of rami takes place
during the 16th and 17th days. During this period many cells
are incorporated into the medulla, unlike the few in chicken
barbs. Barbules start to attach to the rami on the 18th day,
and the basilar epidermis begins to withdraw from betw^een
the barb ridges on the 19th day. The rachis also starts to form
at this time, and barbs join it during the 22d to 24th days.
Duckling embryos, unlike chick embryos, also develop
preplumules, the antecedents of tract downs, and prefiloplumules, the antecedents of filoplumes. Primordia for these
feathers appear after those for the prepennae (Hosker,
1936: 148), but the actual schedule apparently has not been
recorded. In a study of several birds other than ducks,
Gerber (1939) found that the preplumules are only slightly
influenced in their location and development by the
prepennae, whereas the prefiloplumes are strongly influenced.
The mechanism of this control has not been investigated.
Prepennae
The prepennae on the body tracts are down feathers about
15 to 25 mm. long. The principal difference between them and
the natal downs of chickens is the presence of a moderately
long rachis (compare fig. 229, A, with fig. 175, p. 264). The
calamus is about 2.4 to 2.5 mm. long, and it contains 8 to
13 pulp caps (fig. 229, A^). It is not quite straight, and it
swells slightly toward the lower end. Faint streaks corresponding to cracks between the barbs are visible in the
proximal portion of the wall. They suggest that differentiation
of barb ridges has continued to a small degree inside the
calamus. The calamus is continuous at its lower end w^ith
the barbs of the next feather, a condition somewhat like that
in the natal coverts of chickens.
The barbs of a prepenna are shorter in relation to the
overall length of the feather than those of most other birds.
Those at the distal end of the rachis are rather thick and stiff;
their barbules are widely spaced along m.ost of the length but
absent at the tip. Barbs below them have fine, flexible rami,
and their barbules are closely spaced for the full length. The
barbules consist of a short straplike base and a moderately
long, slender pennulum. The nodes are furnished with pairs
of small prongs instead of the large triangular processes found
in later down feathers. An aftertuft is present though not
show^n in figure 229. Ewart (1921: 613) observed that the
barbules on the main barbs are spirally twisted at their
junction with the ramus, whereas those of the umbilical barbs
are curved only slightly.
The prepennae of the remiges have a similar structure to
those of the body tracts except that the rachis is very nearly
as long as the barbs (fig. 229, C). The barbs project stiflly and
approximately parallel to each other from both sides of the
rachis. As a result, the feathers do not have the typical
appearance of natal downs. The terminal barbs add to this
effect because their barbules (proximal to the bare tip) are a
little shorter than those on the lower barbs.
Still longer and less Hke down are the prepennae of the

rectrices (fig. 229, B). They are up to 33 mm. long, including
a calamus about 5 mm. long. The barbs are shorter than the
rachis, and they project at a nearly regular angle from it,
even more than the natal remiges. Those at the distal end
of the feather are shorter and stiff er than those at low^er levels.
They have a rather pennaceous appearance although the
barbules are actually of a stylet type (somewhat like those
in fig. 171, E to H, p. 251). The barbules are laterally compressed and evenly tapered in height throughout their length,
without any division into base and pennulum. The barbules
found throughout most of the vanes, however, are of a
plumulaceous type in which one nodal prong of each pair is
usually much longer than the other. There are several long
umbilical barbs. The calamus contains at least eight pulp
caps, and it shows faint cracks at the lower end, before running into the barbs of the juvenal rectrix (fig. 229, B^), All
these characters combine to make up a sparsely downy semiplume. The feathers, in turn, together form a distinct little
tail that is very unusual in the natal plumages of birds. In
baby Wood Ducks (Aix sponsa), Ruddy Ducks (Oxyura
jamaicensis), and Torrent Ducks (Merganetta armata), the
shafts of the prepennae remain attached to the tips of the
juvenal rectrices until the latter are nearly or fully grown.
They lose most of their barbs through wear and become stiff,
bare tips for the new feathers (Beebe and Crandall, 1914).
Mesoptiles
Before considering the other types of natal feathers, let us
digress to a consideration of the mesoptiles (mesoptilus).
These are the abortive feathers that are developed in some
follicles between the natal and the juvenal generations.
Although the mesoptiles are no more a part of the natal
feathers than are the juvenals, they can be understood more
easily, now that the development of natal feathers has been
explained. Mesoptiles in ducklings vary considerably in the
length and arrangement of barbs on different feathers, as
show^n by Ew^art (1921), The largest follow the prepennae
of the primary remiges and are up to 10 mm. long. As shown
in figure 229, C, each of these mesoptiles is composed of 14 to
18 barbs that run from the calamus of the prepenna to a short
tube at the tip of the juvenal feather. The tube consists of
sheath and intermediate epidermis that has partiafly differentiated into a ring of simple rami. Several of the barbs fuse
and separate in an irregular manner, forming one or two long
anastomoses. These pieces may give the impression of being
a shaft and aftershaft but they actually are not. All the barbs
carry downy barbules, although these are shown in the
drawing (fig. 229, C) on only one barb, for the sake of clarity.
The barbules resemble those of the natal downs in that they
have small nodal prongs throughout.
A mesoptile on a body tract is smaller and more intimately
linked with its successor than those on the wings and tail. It
sometimes appears to be only a small, lax tuft on the tip of a
juvenal feather. This consists of a number of barbs that run
from the calamus of the natal dow^n to the rachis of the
juvenal feather. The uppermost portion of the barbs (the first
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229.—Natal and juvenal contour feathers of a White Pekin Duck.

A contour feathers.
À', calamus of natal contour feather at higher magnification than A.
B rectrices.

B'> calamus of natal rectrix at higher magnification than B.
C, remiges with a mesoptile segment.
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FIGURE

230.—Natal and juvenal body down feathers of a White Pekin Duck.

A, body downs.

A', calamus of natal down and adjacent portions of barbs at higher
magnification than A.

to be formed) lacks barbules. Below this portion, in order, are
zones of reduced downy barbules, no barbules, and pennaceous
barbules. The portion between the natal calamus and the top
of the pennaceous zone (i.e., zones of bare rami or reduced
downy barbules) is the mesoptile. The lowermost (i.e.,
pennaceous) zone belongs to the tip of the juvenal feather.
Preplumules
We can now return to the natal feathers and consider the
second type, the preplumules. These are downs of simple
construction, 6 to 10 mm. long (fig. 230, A). They consist of

Calamus of
prefiloplume
Basal barb
Natal filoplume
(prefiloplume)

merely a calamus and several short barbs. In some feathers,
five barbs are fused at their bases into a very short rachis, and
the remaining barbs are then equivalent to an aftertuft. The
rami are fine and flexible and, as in prepennae, are devoid of
barbules at the tip. Barbules are of a simple, plumulaceous
type with pairs of small prongs at a few of the distal nodes in
the pennulum. The calamus is about 0.4 mm. long, and it
swells toward the lower end. Longitudinal lines are faintly
discernible in the wall, an indication that there is still some
differentiation of barb columns. The lower end of the calamus
runs into the tips of the barbs of the next feather (fig. 230, A').

Barbs of prefiloplume
arise from rim of
superior umbilicus

{ \¿J
Calamus of prefiloplume

Juvenal filoplume

1 mm.

[

Juvenal filoplume

Calamus of juvenal filoplume

A'

0.1 mm.

/r.B.Eivwe
FIGURE

23L—Natal and juvenal filoplumes of a White Pekin Duck.

A, filoplumes at same magnification as figures 229, A, and 230, A.
A', same feathers as A, but at higher magnification.

A", calamus of natal filoplume and adjacent portions of barbs at still
higher magnification.
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As in the prepennae, the barbs are not continuous from the
natal feather to its successor.
A preplumule may be followed by either a mesoptile or a
Juvenal down, as shown in figure 230, A. The mesoptile
consists of a circular cluster of barbs. These are either blunt or
irregularly pointed at their proximal ends, as if they had
broken at a definite point from the feather below. Because
of this characteristic and their uneven surface, the barbs
appear imperfect, Uke the deciduous barbs of a ñloplume. The
nodal prongs are moderately long and slender, not broadly
triangular. They are the principal evidence that the barbs
represent a mesoptile instead of a juvenal down.
Prefiloplumes
Prefiloplumes are 1 to 2 mm. long, including a calamus 0.2
to 0.3 mm. long. One is shown in figure 231, A, at the same
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magnification as figures 229, A, and 230, A, so that its
relative size can be judged. Its structure is more evident at a
higher magnification (fig. 231, AQ. All the barbs appear to
join the calamus, but there may be a short fused segment,
representing a rachis that is overlooked because of its tiny
size. The barbs are downy although their barbules are small.
The cells of the pennula are long, and the nodal prongs are
short and fine. Barbules may be present out to the tips of the
barbs. The calamus and the connection with the barbs of the
next feather are similar to those in the other types of natal
feathers (fig. 231, A''), In some specimens, the tube splits
under pressure into two longitudinal parts that each appear
to be the fused, dedifferentiated ends of four or five barbs.
Duck prefiloplumes are followed by juvenal filoplumes, there
being no intermediate structures that can be regarded as
mesoptiles. The growth of filoplumes in young birds is
discussed further on pages 388 to 391.

ANATOMY OF A FULLY GROWN FOLLICLE AND ITS ASSOCIATED STRUCTURES
Growth and General Morphology
The development of a feather follicle continues for some
time after the natal downs are formed. By the time of
hatching, the follicles for the remiges reach the wing bones
(Hosker, 1936). After hatching, the follicles on the body
(exempHfied by those on the spinal tracts) extend deeper into
the skin in 7-week-old Rhode Island Red fowls than in
1-day-old chickens (Radi and Warren, 1938: 681). This
change was said to be due to an increase in the relative
thickness of the skin, not to differentiation of the follicle. It
w^ould seem, however, that there must be some growth of the
folhcle if it is to keep pace with the thickening skin.
A foUicle and its feather are both tubes of modified
integument, showing gradients from dermis to keratinized,
highly flattened epidermis. These go inward from the dermis
surrounding the follicle to the lining of the wall and outward
from the pulp to the sheath of the feather. Some histológica!
preparations show a space, the foUicular cavity, between the
folhcular lining and the feather (figs. 232 and 309). In
other preparations, the two layers are so close together

that no space can be seen even at a magniñcation of 1,000 X.
There appears, then, to be a single layer of flattened, keratinized epithelium that grades into rounder, less cornified cells on
both sides. A cavity may be present for some distance and
absent elsewhere around the circumference of a growmg
feather, as indicated in figure 237. Where present, the folhcular cavity is commonly crossed by thin corneous sheets
that split away from the sheath and the fining at either
end. They may be very short (fig. 233) or may curve as
much as one-third of the distance around the circumference.
The variable nature of the folhcular cavity and the
corneous bridges suggests that these are artifacts caused by
shrinkage of the feather during histological processing. In
live specimens the folhcular cavity is real and can be probed.^
1 Cohen, Jack. Written communication.

1967.

Other workers have found that in fife, the folhcular fining lies
closely against the calamus or feather sheath, and in some way
holds the feather tightly in place (Jacobs, 1935: 35). Ostmann
et al. (1963a: 961) stated more specifically that in life the
feather sheath and the fofiicular fining ^^ . . form a frictional
bond which presumably aids in holding the feather in its
fofiicle. When the feather becomes loose in the fofiicle, these
two layers separate and form the folhcular cavity.'' This
explanation is easily reconciled with the traditional account
of the process by which a fofiicle and a feather are formed.
Even so, the traditional account does not explain the corneous
sheets that cross the fofiicular cavity. Since these merge into
the sheath and the lining, they cannot be simply layers of
cells that curve away from their parental epidermis and
become wedged into the opposite epidermis.
Some of our histological preparations, particularly longitudhial sections of regenerating feathers, suggest that a
common layer of incipiently corneous cells might arise from
the germinative epidermis at the bottom of the follicle. As
this tube is pushed upward, cells may be added to it from the
transitional layer of the feather and the germinative layer
of the folhcular wall. A split in the keratinized layer (as a
result of natural growth or of histological processing) would
produce a folhcular cavity and the sheets across it, as well as
the feather sheath and the fining of the follicle. Koning
(1957: 21), in fact, stated that the sheath (i. e., keratinized)
cells '^ . . split into two layers to form the sheath of the
feather and the inner sheath layer of the fofiicular wall'' We
are not aware of any definite evidence for this phenomenon.
Nevertheless, we are suggesting that it may take place, in
order to draw attention to the problematical nature of the
folhcular cavity.
The wall of a fofiicle appears to be drawn upward in some
way by the sheath of a growing feather. A ring of integument
known as the neck or cofiar of the fofiicle gradually rises as
much as 2 mm. above the surface of the skin. Early stages in
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the formation of the neck are shown in figures 131, page 203,
and 136, but not labeled. The ring dilates as the diameter of
the ensheathed feather passing through it increases (figs. 126,
132, 133, 135). It cornifies and persists for a while around the
open end or mouth of the folhcle after the feather has been
molted or plucked (fig. 132). Eventually the neck is sloughed
off and the portion of the folhcle just below it becomes constricted around the tip of a newly forming feather.
The epidermis originally at the top of a folhcle continues
directly into the epidermis of the skin (fig. 160, p. 238). It
becomes reflected as the neck is formed, with the result that
a cross section shows a layer of epidermis on each side of a
superficial layer of dermis (figs. 306, p. 510 and 307).
Elastic fibers are abundant in the dermis although they are
not shown in the drawing; they presumably adjust the size
of the upper portion of the folhcle in relation to that of the
feather as it grows.
Sections through a folhcle may intercept either the calamus
(fig. 232) or the rachis and the barbs (fig. 237) while a feather
is growing. Only the calamus remains in a folhcle by the time
that a feather is fully grown. Pulp is present inside the feather
tube until the close of growth; its presence or absence in a
cross section of the calamus thus shows whether growth is in
progress or has been completed.

Histology of the Follicle Wall
Typical features
The epidermis of a folhcle in the resting phase (i.e., with a
fully grown feather) has a single layer of germinative cells,
which are low cuboidal and contain large nuclei. Above them
(i.e., toward the feather) is the very thin corneous fining of the
follicle composed of highly flattened and compacted cells.
Below the epidermis is an extremely thin basement
membrane. Some of our histological sections show a thin,
homogeneous layer outside this membrane, probably an
artifact caused by shrinkage from the dermis.
The dermis of the folhcle w^all is a dense layer approximately
twice as thick as the epidermis. It is composed chiefly of
cohagenic fibers that are flattened in the plane of the
circumference. Elastic fibers are also present in roughly three
layers. Those beside the basement membrane are more or less
parallel to the long axis of the folhcle, those within the dermis
have a predominantly circular arrangement, and those at the
outside are again placed lengthwise. These last fibers are less
numerous than those of the inner longitudinal set. At the very
base of a follicle, below the epidermis, the dermal cells are
highly flattened (fig. 233). They are oriented as if they were
the sides of a bowl centered on the long axis of the folhcle.

Peculiar features
Several pecuhar features have been found in our sections
of the follicle of the first upper major primary covert from
the right wing of an adult male Single Comb White Leghorn
Chicken. The epidermis of this follicle is nearly as thick as the
calamus within the ventral third of its circumference, but
much thinner elsewhere. We have not seen such variation in
other folhcles. All around the folhcle, collagenic fibers project
from the inner surface of the dermis into the germinative
layer of the epidermis. These fibers are shorter and finer than
those in the dermis proper, but they stand out because of
their contrasting reaction to stains.
The germinative layer of the epidermis becomes almost
discontinuous on the ventral side of the folhcle. It appears
in cross section as a series (about 14 to 20) of rounded or
triangular mounds that project inward (i.e., toward the
calamus). In the thickest portion of the epidermis, about 93M,
the mounds attain a height of about 40/x. We interpret the
mounds as being sections of longitudinal ridges, but we cannot
tell from our material Avhether they are strictly axial or
obhque. The collagenic fibers at the inner surface of the
dermis project into each ridge of germinativum but not between ridges. Those fibers inside the ridges are bundled
together and are two to three times as long as those elsewhere
around the follicle.
The corneous layer of the epidermis is very pale for a thickness of several cells centripetal to the germinativum. This
gives the appearance of a stratum lucidum, a layer not
generally present in the epidermis of birds (ch. 9, p. 000). The
pale layer follows the contours of the germinative ridges and
reaches between them nearly to the dermis. Centripetal to it
is a thicker, typically stained corneous layer. The outer cells
of this layer are folded in conformation to the ridges, but the
inner cells become progressively flattened; those which line
the follicular cavity form a completely even, tubular layer.
The wavy nature of the outer corneum is good evidence
that the ridges of germinativum are not artifacts. It is hkely
that these structures occur in the follicles of other upper
major primary coverts. Because a great deal of force is needed
to extract these feathers, it is tempting to surmise that the
unusual morphology described here plays a role in holding
these feathers in their follicles.
Surrounding a follicle is the dermal layer of the integument.
The histology of the integument is treated in detail in
chapter 9, so we will consider here only the blood vessels and
nerves associated with a follicle. Feather muscles are such
important accessory structures that they are treated separately in chapter 8.

232.—Skm from a Single Comb White Leghorn Chicken, showing the junction of a feather muscle with a feather
folhcle. The presence of a calamus and pulp in the folhcles for the contour feather and the filoplume shows that both have
nearly completed their growth. Abbreviations: conn., connective; ext., external; int., internal.
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Arrangement of Blood Vessels
The wall and base of a follicle are well supplied with blood
vessels. The arrangement of these vessels, including capillaries, can be seen very clearly by perfusing them with
carbon ink, following a technique devised by Peterson et al.
(1965). The following description is based on the unpubhshed

findings of these authors and on specimens prepared by their
method. The major vessels and their branches in the skin of
each tract are branches of vessels to the skeletal muscles.
Those in the thigh are described on pages 467 to 476, as an
example of the situation elsewhere in the body. The major
arteries and veins and their branches in the skin are arranged

►FOLLICLE

FEATHER-

Pulp cap cavity
Outer pulp membrane
Pulp caps
Inner pulp membrane:
Incipient corneous layer
Germinativc layer

Wall of calamus
Follicular cavity

Corneous connection
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Epidermis of follicle:
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Germinative layer

Epidermal collar
Pulp capillary

Dermal papilla

Dermis of follicle

>?<? EIA//A/6—

FIGURE

233.—Longitudinal section through the base of a regenerating feather and its follicle from a Single Comb White
Leghorn Chicken. The feather has nearly completed its growth.
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irregularly^ without conforming at all to the rows of follicles
(figs. 289, p. 478; 290).
There is a basic plan to the finer vessels around each
follicle, but it is highly variable. Essentially, an artery and a
vein both send out two branches near each follicle, roughly
on opposite sides. These branches may arise far apart or close
together on their parent vessels, or they may divide from a
single, short branch on each one. Subordinate veins and
arteries from them supply a dense tuft of capillaries in the
bottom of the dermal papilla. Other subordinate vessels form
an arched pattern around the base of the follicle or run
lengthwise to the top of the follicle. The ascending branches
supply a network of abundant capillaries that tend to
encircle the follicle. This orientation is present at all levels
but is most pronounced in the collar. Still other subordinate
blood vessels supply the feather muscles.

Innervation
Nerves offollicular wall
Nerves are present in the follicular wall, the papilla and
pulp, the feather muscles, and, with encapsulated end bodies,
in the nearby dermis. There is no nerve plexus around a
feather follicle as there is with a hair follicle (Ostmann et al.,
1963a). The wall is richly supplied with general somatic
afferent (sensory) fibers, the distribution of which has been
studied by Drey fuss (1937). At the bottom of the follicle,
branches come directly from nerves that accompany blood
vessels in the dermis below. Higher up, the branches come
from the afferent nerves to the feather muscles, and at the top
of the follicle they come from general somatic nerves in the
upper layers of the skin. The arrangement of the nerves to the
folHcle wall is similar at all levels except that the fibers, hke
the blood vessels, are most numerous at the upper end.
Nerves that have entered the wall frequently emerge again at
a higher level and run across or beside feather muscles before
returning to the wall. They ramify within the dermal layer,
where their course is determined by the orientation of the
collagenic fibers. Free nerve endings can be found in the
epidermis and the dermis, but these have not been observed
well.
A rich innervation has been found in the folhcles of
filoplumes beside secondary remiges in several species
(Borodulina, 1966). The nerve fibrils come to a filoplume
follicle from a nerve trunk that passes along the wall of the
adjacent follicle for the remex. In the birds studied, pigment
cells were numerous along the nerve trunk and around the
bases of the filoplume follicles.
Nerves of papilla and pulp
The papilla of a resting follicle contains a vasomotor
system of autonomie ganglia and a network of efferent
(motor) fibers around the axial artery. Also present are short
fibers that are thought to have a sensory function. These and
other nerves will grow and degenerate with the pulp itself
during the course of feather regeneration (p. 66).
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Nerves of feather muscles
The feather muscles are innervated by efferent fibers of the
autonomie system, the pennamotor nerves. They have been
thought to consist only of fibers from the thoracicolumbar
(sympathetic) division, but recent research suggests that
fibers from the craniosacral (parasympathetic) division may
be present also (Peterson and Ringer, 1968). Sensory
receptors have been reported in the innervation in the feather
muscles of a grebe and a cormorant, particularly on the
ventral side of the body (Borodulina, 1966). They may
respond to the state of the muscles, i.e., their contraction,
relaxation, and tonus. The nerves of the feather muscles are
discussed further in chapter 8.
Avian lamellar (Herbstes) corpuscles
Nerves with encapsulated sensory endings are found in the
dermis throughout much of the integument. The terminal
bodies have commonly been known as Herbstes corpuscles,
but following Malinovsky (1967), we will refer to them as
avian lamellar corpuscles. This name is in accord with the
modern trend away from eponyms in anatomical terminology.
Winkelmann and Myers (1961) stated that these endings in
birds are similar to the Vater-Pacini (or Pacinian) corpuscles
in mammals. Certain structural differences, however, clearly
indicate that they should be known by a different name
(Clara, 1925; Malinovsky, 1967 and 1968).
The morphology of three main types of avian lamellar
corpuscles and their variants has been described by Malinovsky. Their ultrastructure, as found in the bill of a duck
has been reported by Munger (1968, 1971).
These corpuscles are present in the skin of the apteria, the
feather tracts, and the feet (figs. 232, 309, p. 513; 386, p. 609;
387; not shown in apteria). Within the tracts, they are
situated beside the follicles of contour feathers, though not
always at every follicle. The corpuscles have been found
beside almost every contour feather follicle on the front of the
head, but they are progressively scarcer in the following
tracts: rectrices, dorsal cervical, femoral, and alar. There are
relatively few in the dorsal tracts and still fewer in those on
the underside (Stammer, 1961: 121). Borodulina (1966) also
reported that she could not find sensory corpuscles beside the
secondary remiges or the contour feathers on the pectoral
tract of some specimens. She found large numbers of them,
however, on the sides of the filoplume follicles accompanying
these feathers.
The corpuscles beside the follicles are sausage-shaped and
often bent double once or twice. A single corpuscle may
consequently appear at two or three places in a cross section
of skin, giving the false impression that several corpuscles
are close together. They are actually only one or two of
these bodies per follicle, and where they are two, they are
approximately on opposite sides. It is very difficult to measure the length of these corpuscles, owing to their twisted
shape, but we estimate that they are commonly at least 0.8
mm. long. Munger (1971) gives a length of 0.2 mm. and a
width of 0.02 mm. The length of 0.15 mm. reported by Dun-
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can (1964: 832) probably refers to the smaller^ more commonly studied corpuscles in the skin of the beak. The corpuscles are situated at various levels beside the follicles, not
only just above the attachments of the feather muscles, as
reported by Winkelmann and Myers (1961: 27). These
authors found that the corpuscles are usually oriented at
right angles to the long axis of the follicle, approximately
parallel to the wall. An orientation of long axis parallel to the
skin surface was confirmed by Malinovsky (1967: 282).

An avian lamellar corpuscle is composed of a nerve tip and
three concentric sets of lamellae around it. Recent studies on
these corpuscles in cats show that the lamellae are made up
of flat squamous epithelial cells (Shanthaveerappa and
Bournej 1963). Outermost is a capsule that '^ . . consists
of 4 to 8 comparatively thick cytoplasmic lamellae interlaced
with collagen fibrils and reinforced externally by several
additional layers of collagen arranged so that the fibrils lie at
right angles to one another" (Quilliam and Armstrong,
1963: 59). Inside the capsule is the zone of external lamellae,
which accounts for most of the bulk of the corpuscle. There
are about 10 of these irregularly concentric, perforated
sheets, separated by fluid-filled spaces. The lamellae frequently join each other, and they are stiffened by a considerable amount of collagen. Still deeper is the zone of internal
lamellae, actually hemispherical sheets instead of complete
layers as above. These sheets are numerous and closely
packed in two bundles, one on each side of the nerve fiber.
There is no intervening fluid or supporting collagen. The
nuclei of the cells that provide the hemilamellae are arranged
in two rows beside the nerve, where they are often conspicuous
in longitudinal sections of a corpuscle. There are 6 to 10 pairs
of nuclei in corpuscles in the skin of a duck's beak (where the
corpuscles have been studied most commonly) but as many as
30 pairs in those beside the feather foUicles of other birds
(Malinovsky, 1967: 284; Stammer, 1961: 120).
A corpuscle is the end body of a general somatic afferent
nerve. The fiber loses its myelin sheath before entering the
core of inner lamellae. The terminus of the nerve, at the distal
end of this zone, is a spherical or ovoid swelling of fibrils in
corpuscles of a duck's beak (Stammer, 1961: 118). It does
not appear to have been described in corpuscles from chicken
skin, and we have not examined it.
Lamellar corpuscles in birds and mammals have been
thought by various workers to function as mechanoreceptors,
as osmoreceptors, or to have some significance in the activity
of arterio-venous anastomoses (Mahnovsky, 1968: 71).
Recent work on birds favors the first function. The corpuscles
may be sensitive to pressure (Winkelmann, 1960: 80), and it
has been shown that they are sensitive to vibrations (Schildmacher, 1931; Schwartzkopff, 1955),
The role of the lamellae in the functioning of a corpuscle is
uncertain:
. . . but presumably their number and arrangement serve to
make each type of corpuscle a detector of special sensitivity for
some specific type of pressure application or range of vibrational

change normally transmitted through the surrounding soft tissues.
The lamellae may do this either by protecting the nerve terminal
that they surround against changes other than those to be detected,
or, conversely, by making the nerve terminal especially sensitive
to one particular type of stimulus only (Quilliam and Armstrong,
1963: 55).

Both pressure and vibration may occur in the follicle wall
w^hen a feather is moved by its muscles or an external force.
The presence of abundant corpuscles around the bases of
facial bristles in owls has been taken as evidence of the tactile
function of these and similar feathers (Küster, 1905). On the
wings and the tail, the corpuscles are believed to sense the
response of the flight feathers to air pressure, and thus to play
a role in the adjustment of the feathers for flight (Schwartzkopff, 1955: 207). Elsewhere on the body, they probably act
in the same wsbj whenever feathers are positioned for
thermorégulation, display, increasing specific gravity when
diving, or for some other function. The filoplumes appear to
have an important role in transmitting sensations of pressure
or vibration to the lamellar corpuscles (Boroduhna, 1966).

Retention of a Feather in its Follicle
A follicle is not merely a socket for the calamus of a feather.
From time to time it generates a new^ feather, as will be
discussed shortly. Furthermore, a follicle normally holds its
feather tightly whether this is growing or not. The force
required to release a feather from its follicle with a steady
pull, on adult Single Comb White Leghorn Chickens, ranges
from about 500 to 1,000 grams on the body tracts (Klose et al.,
1961; Ostmann et al., 1963b, 1964), and 2,000 to 4,000 grams
for the primary rémiges.^ A commercially feasible method for
reducing this force before plucking is highly desired by the
poultry industry. Accordingly, the physiology of feather
retention and release has been studied in recent years.
The agent that holds a feather in place is not known, but it
is generally beheved to involve the feather muscles. A sphincter apparatus is ruled out because the folhcle w^all has no
circular muscles. As pointed out by Ostmann et al. (1963a:
962), muscles of such kind were mistakenly shown to occur
by Lillie (1940: figs. 18 and 19). The tendons of the feather
muscles ramify into the elastic fibers that encircle the folhcle
(fig. 232). Tonic action by the muscles might thereby exert a
constricting force of the wall on the feather. Another
retentive agent may be the friction and the corneous connecting sheets between the folHcular lining and the feather
sheath (Ostmann et al., 1963a).
The effects of many factors on the force needed to pull out
a feather have been studied in an attempt not only to
facilitate plucking but also to learn about the underlying
control. Among the factors studied have been fasting,
exercise, drugs (including tranquil] zers, anesthetics, and
neuromime tics), methods of killing, scalding medium, scalding temperature, and radiant heat instead of scalding (King,
1920; Knapp and Newell, 1961; Klose et al., 1961, 1962;
2 Ringer, Robert K.

Personal communication.

1967.
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Ostmann et al., 1963b). None of these treatments has shown
promise to be commercially feasible.
Experiments with drugs, surgery, and electrical stimulation
show that the retentive action is under the control of the
nervous system. The feather muscles are controlled through
the autonomie system (Langley, 1904; Ostmann et al,
1963b). Impulses from the brain also appear to be necessary
to maintain feather retention in the live bird (King, 1920;
Ostmann et al., 1964).
Behavioral evidence also suggests nervous control, for
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when chickens and many other birds are startled, they may
suddenly shed many of their feathers (Dathe, 1955). The
feathers may be loosened to a lesser degree, yet still are
easily pulled out when a bird is grabbed. This phenomenon
is known as ''fright moW or ''autotomy'' (Dement'ev,
1958). In these situations, the response of the mechanism
that holds the feathers in their follicles is clearly too rapid
to have been triggered hormonally. Fright molt may have
survival value by allowing a bird to escape from a predator
(Höglund, 1964).

DEVELOPMENT AND STRUCTURE OF REGENERATING CONTOUR FEATHERS
Occurrence of Regeneration
A follicle produces a feather not once but repeatedly
during the life of a bird. The loss of an old feather and the
regeneration of a new one are aspects of a periodic process
that is the essence of molting. Nearly all follicles replace
their feathers at least once per year, and many do so twice.
Some chicken feathers are molted three times during the
first year of life, as shown in chapter 4. Ptarmigans also
molt three times annually during adult life (Salomonsen,
1939). At the other extreme, the remiges of cranes, eagles,
and the Eagle Owl (Bubo huho) are molted only every other
year (Heinroth and Heinroth, 1958: 90).
It has long been thought that the presence of a feather
in a folHcle inhibits the morphogenetic activity of the papilla,
and that the old feather must be shed before formation of the
new one can begin (Lillie, 1942: 249). At the same time, it
has been recognized that in many species, including chickens,
ducks, and pigeons, a second generation of feathers begins to
form in the embryo before the natal downs are fully grown
(Bornstein, 1911: 6). The new feathers may even push their
predecessors out of the foUicles (fig. 126, p. 200; 127; 129;
131; and 132). The fact that regeneration begins before the
old feathers have been dropped, even in later generations,
was pointed out by Watson (1963a, b). He concluded that
in many birds it is the initiation of growth for a new feather
that normally pushes the old feather passively out of a follicle.
Our findings in chickens support this conclusion. A photograph of a second-generation feather on the tip of a very
young third-generation feather (fig. 134, p. 205) illustrates
this point.
New feathers may also be produced immediately after
existing ones are plucked, whether these are still growing
or are fully formed. Regeneration can likewise follow a fright
molt, though in this case, the feathers that are shed are almost invariably fully grown (Dathe, 1955: 13). Sometimes a
follicle remains empty until the next normal molt. Chickens,
for example, ordinarily replace lost feathers, but females
that are laying do not. No research seems to have been
made on the factors that determine whether or not a replacement feather will be grown. The follicles of Silver
Spangled Hamburg fowds may regenerate continuously one
feather after another for years without a resting period.
(Landauer and Dunn, 1930). Breast feathers have been

plucked from chickens at 2-week intervals for several months
and have always been replaced. This method has been relied
on to supply regenerating feather germs for research.^ In
the Hamburgs referred to above, however, follicles generally
cease to be active after a number of feathers have been regenerated; they resume their activity only at the time of
the next general body molt. Landauer and Dunn (1930)
referred to the frequency of feather regeneration as ^^regenerative activity.'^ The remiges and rectrices are replaced
more frequently and more rapidly than the body contour
feathers (Mayaud, 1950: 57; Wallace, 1963: 54). In male
Silver Spangled Hamburg fowls, the follicles of the femoral
tracts show significantly lower regenerative activity than
those of the pectoral and ventral cervical tracts. The regenerative activity in the pectoral tract is significantly
higher in males than in females; the same is probably true
on the ventral cervical tract (Landauer and Dunn, 1930).
Aside from such variations among tracts, Landauer and
Dunn concluded that the degree of variability in regenerative activity is generally determined by the constitution
of the individual bird, not by properties of the follicles.
Feather regeneration has been studied intensively, not
only for its inherent interest but also as an approach to more
general subjects such as cellular differentiation and the formation of pigment patterns. The process differs, particularly in its early phases, under different circumstances.
When studying the hterature, one should therefore keep in
mind whether a study deals with the initial formation of
feathers in embryos or with subsequent regeneration in
young or adult birds. It is also important to note whether
regeneration occurred normally—during a regular molt—
or abnormally—^as a result of plucking the preceding feather.

Relationship of the FoUicle
to the Feather Blastema
After a feather has been fully formed and keratinized,
germinal activity slows down or ceases. The follicle remains
in a resting state for a period that may range in chickens
from about 2 days (until the onset of the prejuvenal molt)
to about 14 months (until the juvenal ninth and 10th pri3 Brumbaugh, John.
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maries begin to be replaced at the complete molt in the
second year).
A papilla of dermis projects upward at the bottom of a
follicle and grades into a column of pulp. The latter is resorbed, starting at the tip, until it is almost entirely gone
when development of the feather is completed. The pulp is
covered by a thin specialized epidermal formation, the
pulp membrane. A series of pulp caps is produced by proliferation of cells from the germinative layer of this membrane (see pp. 381 to 383 for details). A few more caps are
formed after the stage shown in figure 233, but the last cap
remains with the germinative layer. Together they form a
covering on the pulp that extends to the base of the follicle,
wehere it is continuous with the epidermis of the follicle wall.
This tissue is thickened at the bottom of the follicle, owing
to the proliferation of cells and the elongation of those in
the germinative layer. This enlargement is the remains of the
epidermal collar for the newly completed feather.
When in the resting phase, a papilla is differentiated into
a basal and an apical zone. The cells in the basal zone are
small, round, and extremely closely packed; those in the
apical zone are larger, more loosely packed, highly flattened,
and oriented transversely to the long axis of the folUcle
(Greite,1934: 289).
The dermal papilla, its apical cap, and thin covering of
epidermis constitute a feather blastema (Greite, 1934: 288;
Hamilton, 1952: 554). Now in its resting stage, this is the
structure that will give rise to a new feather. Synonymous
terms for it are ''feather germ^^ and '^feather rudiment,'^
The term ''papilla'' has also been used with this meaning
(e. g., Davies, 1889: 572), but we follow Lillie (1940) in
restricting it to the dermal component.

Activation of the Blastema
In a natural molt, a blastema usually starts to grow before
the old feather is shed. The timing of this process is controlled in some way by photoperiod and hormones, but the
manner in which this takes place is still poorly understood.
We are not aware of any research on normal stimuli at the
follicle itself. Nearly all investigations on the early events
in feather regeneration seem, in fact, to have been based on
follicles from which feathers have been plucked.
The papilla must have a thin covering of epidermis before
growth can proceed. The cap is normally present, but if a
fully grown feather is plucked, it is ripped away. A plucked
feather usually breaks from the epidermis of the foUicle
just below its collar, as shown by Cohen and 'Espinasse
(1961: text-fig. 1; pi. 1, fig. C). If the feather is still young
when plucked, it may hold to the follicular epidermis; the
latter is then turned inside out before it tears lose at the
surface of the skin. The collar is carried away with the
feather (Wang, 1943; Cohen and 'Espinasse, 1961) and does
not remain in the follicle as thought by Greite (1934). This
happens whether the feather is plucked or is pushed out
without a break.
Immediately after a feather has been pulled out, dermis

and blood ooze up in the follicle. An epidermal covering
soon starts to grow over the tip of the dermal papilla by
mitosis and relocation of cells (Greite, 1934: 290). The
source of this material is the papular ectoderm, epidermis
that can be seen to remain around the base of the papilla
directly below the broken margin (Cohen and ^Espinasse,
1961: 227). This is the same tissue as the ^'regeneration
cells" referred to by Lillie and Juhn (1938: 435). A thick
basement membrane underlies the papular ectoderm and
possibly holds it in place (Lillie and Wang, 1941). The growth
of epidermis over the papilla is not uniformly centripetal
but proceeds chiefly from the dorsal part of the margin.
Cells from the dorsal side even push across the top and dow^n
the ventral side (Cohen and 'Espinasse, 1961: 239). This
differential in growth rate bears out the dominance of the
dorsal side of the blastema as seen early in the embryo. The
new epidermal cover on the papilla is completed within 24
hours (Greite, 1934: 292). The period for the complete
regeneration of a feather thus takes only this much longer
if regeneration follows the plucking of an old feather than
if it occurs during a normal.molt.
Regeneration of a feather normally begins with the lengthening of the blastema. This does not occur until a new epidermal cap has grown, in the event that the preceding one
was torn or lost. At this point, division of cells speeds up in
the epidermis and starts in the dermis. At first it occurs
uniformly throughout the epidermis, but soon it becomes
most active at the base. This results in the thickening of
the epidermis and the gradual formation of a collar for the
new feather. Although the collar is usually formed during
the ninth to 24th hours of regeneration, it does not acquire
its characteristic structure until several days later (Foulks,
1943: 354).
In the dermis, cell division occurs chiefly in a narrow
zone of long, spindle-shaped cells across the middle of the
papilla; these cells are oriented parallel to the long axis of
the blastema. There is a small degree of mitotic activity
above this zone, where the cells are polyhedral and randomly oriented, but no mitosis occurs at the base of the
papifla (Greite, 1934: 294).
The papilla of a growing blastema is shaped somewhat
like an hourglass, as is shown very well in a photograph by
Cohen and 'Espinasse (1961: plate 1, fig. D). Such embryologists as Lillie and Wang (1941) thought that the collar surrounds the constricted region of the papilla. Cohen and
'Espinasse, however, maintained that this situation may be
an artifact caused by shrinkage w^hen the tissues are fixed
for sectioning. They showed that in the living bird the collar
is located around the top of the papilla (fig. 233).
If the wall of the follicle has been damaged by plucking,
it is renewed while the blastema is becoming active. At
first, mitosis occurs throughout, and the germinal layer of
the epidermis becomes a few cells thick. As these cells move
to the surface of the follicle, they form an intermediate
layer and then start to keratinize. The old corneous layer
is either pushed out by the elongation of the new blastema
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(Greite, 1934: 294) or carried out by the calamus of the
old feather (Jacobs, 1935). With the formation of a new
lining, the structure of the follicular wall is restored. Mitotic
activity then diminishes in most of the follicle, though it
remains high at the base, where the wall becomes strongest.

Morphogenetic Potential of the Blastema
The prevaihng theory of feather growth holds that the
collar produces the material that will become a new feather
(Lillie and Juhn, 1932; Greite, 1934; Hosker, 1936; Lillie
and Juhn, 1938; Lillie and Wang, 1941). Recent experiments
by Cohen and 'Espinasse (1961: 247), however, have led
these workers to the conclusion—
. . .that the collar is not to be regarded as producing [italics theirs]
a feather, but that it is in its entirety transformed into a feather and
so is lost each time a feather is plucked , . . The growth process
concerned in the transformation of collar into feather is thus an
essentially simple one of elongation such that distal collar becomes
distal feather and proximal collar becomes proximal feather. It is
the original length from distal collar to proximal collar that increases to become the whole length of the feather.

[The foregoing passage can be understood more readily if
''distal collar'' and ''distal feather" are read as "distal part
of the collar'' and "distal part of the feather."]
The observations by Cohen and 'Espinasse (1961) on the
growth of epidermis over the dermal papillae confirm those
by Greite (1934). They also support the view (of Lillie and
Wang, 1943; Wang, 1943; and Foulks, 1943) that a new
collar is formed from epidermis around the base of the
persistent papilla before a new feather can grow to replace
one that has been plucked. Furthermore, this theory accounts well for the abnormal (chimerical) feathers produced
experimentally by Lilhe and Wang (1943, 1944). On the
other hand, it does not explain in detail the process by which
the collar elongates and differentiates. This must take place
by cell division in the collar, but the point at issue seems to
be the fate of this structure. Does it generate a tube of
epidermis above itself or does it become a tube? We will
regard the collar as the ring of germinative tissue that
persists at the base of a feather, in the usual understanding
of this term. This is not to deny Cohen and 'Espinasse's
theory of the expanding collar, but it is necessary to have a
name for the tissue that remains at the base. Regardless of
how an epidermal tube is formed from a collar, it becomes
transformed into a feather, as will be described.
The epidermal covering of a blastema can produce or
become a feather only under the influence of the dermal
papilla. Experiments by Lilhe and Wang (1941) and Wang
(1941, 1943) showed that the papilla somehow activates the
epidermis and induces an oriented, bilaterally symmetrical
field in it. Its inductive property, furthermore, is present in
a gradient, decreasing from dorsal to ventral within the
apical half of a papilla (also reported by Cohen and 'Espinasse, 1961: 243). This organization agrees in general with
the concentration of mitotic activity observed in the papilla.
A gradient in morphogenetic activity soon arises in the
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epidermal component, hkewise diminishing from the dorsal
to the ventral side. It governs the location of the rachi^ and
the hyporachis, and the orientation and growth of the barb
ridges as they form. Here again is an expression of the differential in growth rate first seen in an embryonic feather.
According to the work of Lillie and Wang, the dermal
papilla determines the orientation and symmetry of a new
feather, whereas the epidermal covering determines its size,
shape, and structure. At least in the pelvic and the pectoral
tracts, the papilla is said to lack tract-specific properties,
whereas the epidermal covering is said to possess such
properties. Cohen (1965) agreed with this view of the papilla,
but questioned the tract-specificity of the epidermal coat.
In addition to his own experiments, he cited those of Saunders et al. (1957), Sengel (1958a), and Rawles (1963), which
showed that embryonic dermis varies regionally and determines the regional character of its overlying epidermis.
He concluded that the epidermis has no tract specificity except for that imposed on it by local dermis. Cohen (1965:
198) offered a theory—
. . . that the dermis maintains the regional character of its overlying epidermis and [itahcs his] of the ectoderm of the appendage
follicles associated with it. This follicular ectoderm acts upon dermal
papillae to regulate them and their function according to the kind
of appendage being locally produced.

Structure of a Papilla
and Formation of Pulp
After the blastema begins to grow, the papilla loses its
primary function and becomes important as the generator
of pulp. The base of a papilla is composed of flattened fibrocytes in horizontal layers that contrast with the random
orientation in the underlying integumentary dermis (fig.
233). These form the center of the ''bowl" that has dermal
follicular cells for its sides. This structural arrangement
appears to anchor the papilla firmly in the follicle. The
cells above the base are spindle-shaped and their nuclei
stain darkly. Elastic fibers are interspersed among them.
The top of the papilla is domed, but the surface is not distinct
because strands of cells fray out into the pulp (Lillie, 1940:
145). This transition takes place within a short distance
at about the middle of the collar.
Pulp cells are undoubtedly produced by mitosis in the
papilla although the process does not seem to have been
studied. No further cell division occurs within the pulp
itself. The pulp cells are more rounded that those of the
papilla and their nuclei are pale. Lillie (1940: 144) described
pulp as "a. loose mesenchymal reticulum, the interstices of
which are occupied mainly by a homogenous, gelatinous
substance that gives the entire pulp a firm, tough and elastic
consistency.'' The cells are abundant near their source but
diminish in number distally, with an increase in the intercellular material (compare figs. 233, 234, and 237). At all
levels they are more closely packed at the periphery than
at the center. We have found elastic fibers scattered throughout the pulp, more commonly at the periphery than in the
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interior; they are oriented both longitudinally and obliquely
(fig. 235).
The pulp forms a core inside the feather tube. It increases
in length at the same rate as the feather during the first 2
weeks of regeneration. The length reached by the pulp
depends on the size of the feather, for example, 13 mm. in
the anterior pectoral feathers and 60 mm. in the rectrices
(Linie, 1940: 146). Later, the rate of résorption at the tip
equals and then exceeds the rate of growth at the base. As
a result, the length of the pulp remains constant for a while
before it decreases.
The total quantity of pulp produced during the regeneration of a feather is quite remarkable. A pelvic feather from
a Brown Leghorn capon weighs 0.54 grams, whereas the
total amount of pulp grown with it has been calculated to
weigh about 2 grams (Lillie, 1940: 162). The ratio of pulp
weight to feather weight is 3.7:1. As another example, an
average anterior pectoral feather from a White Leghorn
cock weighs 0.41 grams, and its total pulp is about 1.13
grams; the pulp to feather ratio is 2.8:1. The average ratio
of the weights of pulp and feathers (exclusive of sheath)
can be taken as about 3:1. To quote Lillie (1940: 168):
All the feathers of a young White Leghorn cock, weighing 1,642
gm., were found to weigh, after drying, 105 gm.; the pulp requirement for a complete molt in the case of this bird would thus be 315
gm. The dry weight of the feathers plus pulp, 420 gm., is 25.5
percent of the weight of the entire bird. This gives a rough idea
of the quantitative strain of molting, quite apart from the specific
chemical requirements of the metabolism involved.

The blood vessels and nerves that supply the pulp must
keep pace with it. The periodic growth and degeneration
of such extensive systems is very unusual, perhaps unique in
the animal kingdom. The development of a vascular system
in the pulp was studied in embryonic feathers by Peska
(1927) and in regenerating feathers by Lillie (1940). We have
confirmed the latter^s observations in our own histological
sections and in specimens injected according to the method
of Peterson et al. (1965). A single axial artery arises from a
cutaneous artery and runs upward into each papilla. As it

passes through the papilla, the wail of the vessel is thick,
and the lumen is very narrow. The lumen dilates, and the
wall becomes relatively very thin at the apex of the papilla
(ñg. 239). The artery continues upward near the center of
the pulp, and ends in a rich network of capillaries just below
the top (fig. 240, B). Its side branches increase in size from
base to tip, indicating the fact that the system grows from
its base.
Blood passes into capillaries throughout the pulp and
is collected in an excurrent system consisting of capillaries,
sinuses, and veins. The capillaries form a profuse network
around the periphery of the pulp, just inside the basement
membrane (figs. 235, and 237). Some of these vessels
have a diameter of 8 to 10 M- The pericentral sinuses are
large vessels near the axis of the pulp that extend from the
proximal end for about one-seventh the total length of the

feather. Their walls are very thin and solely endothelial,
without any adventitious coat. They resemble the capillaries
in this respect and grade into them through vessels of intermediate size. One or two of these intermediate vessels extend
nearly to the top of the pulp, near the axial artery. They may
be considered venules on the basis of their function and
caliber, though not according to their histology. The last
component of the excurrent system is that of the narrow
veins within the papilla. These have an adventitious coat,
unlike the vessels in the pulp, and hence are true veins.
Blood passes from the pericentral sinuses into the papillary
veins and thence into the cutaneous veins.
The vascular system of the pulp is w^ell able to adjust
the pressure and volume of blood flow at various levels. It
can do so because of the endothelial composition of the
capillaries, venule-sized vessels, and sinuses, and because
all the vessels are embedded in a loose and pliable mesenchyme. Regulation of blood flow, of course, is related to
the changing state of development in the surrounding feather.
The growth and degeneration of nerves in the pulp appear
to have been studied only by Dreyfuss (1937). At the start
of feather growth, a dense coronary plexus (so named by
Dreyfuss) forms in the papilla, just below the surface.
Nonmyelinated fibers grow inward from it and make contact with the melanoblasts (precursor cells of melanincontaining cells) from about the 8th to the 15th day after
development has begun. During this time, three sets of
nerves arise from the plexus, but their nature is not clear
from Dreyfuss' account. First is the vasomotor system of
autonomie ganglion cells and a network of efferent (motor)
fibers around each of the arteries. Second is a system of short
fibers that follow a sinusoidal course in the pulp. They are
judged to be somatic afferent nerves (hence cerebrospinal)
because they have knobbed or slightly swollen endings.
Third is the set of long fibers that run almost straight upward, situated near the periphery of the pulp. It is not clear
whether they are sensory or vasomotor. As the feather
completes its development, the nerves regress until finally
there are left in the papilla a vasomotor network, the short
nerves (thought to be sensory), and the autonomie gangfia.
The pulp and the blood passing through it serve two
functions in the physiology of feather development. They
support the epidermal cylinder by their physical presence
and by exerting considerable outward pressure. The turgor
of the pulp appears to be sustained by a clear serum that is
constantly extracted from the blood (LilHe, 1940: 172).
Secondly, the vascular system supplies the nutrients and
other substances required for the development of the epidermal cells. It also carries away the waste products of their
metabolism. No blood vessels are within the tissue of the
feather itself; consequently, transport to and from the pulp
capillaries must be entirely by diffusion. Observations by
Koning (1957: 35) indicate that alkahne phosphatase
''. . . acts as a logistical agent for the nutritional maintenance of the epidermis. ' '
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Development of a Blastema into a Feather
Histology of the collar
The collar thickens greatly by continued mitosis and
begins to differentiate into concentric layers (figs. 234, 235,
238, A). Although the layers intergrade at this level of
the blastema, they become more distinct within a short
distance upward. A basement membrane separates the
collar from the pulp, but it is too thin to be shown in figure
235. Innermost is a single layer of closely packed, tall columnar cells. These have been called cylinder cells (Davies,
1889: 573), but we refer to them as basilar cells (terminology
discussed on p. 349). The nuclei become alined near the
outer ends of the cells, forming a dense band outside a zone
of clear cytoplasm (fig. 235).
Peripheral to the basilar cells and similar to them are the
intermediate cells. They are shorter and less cylindrical,
and their nuclei are randomly arranged.
The intermediate layer is several cells thick, and it accounts for about one-fifth to one-third of the thickness of
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the collar. These cells are larger than those in the basilar
layer, judging by the fact that the nuclei are farther apart.
The nuclei stain as darkly as those of the basilar layer, but
they are more spherical and relatively few of them show
mitotic figures.
Peripherally, the cells show several gradual changes.
Their boundaries begin to appear as unstained lines between
faintly staining areas of cytoplasm. The cells are polyhedral
and larger than those of the intermediate layer. Their nuclei
are slightly larger and distinctly paler than those mentioned
above. Nucleoli are larger and more distinct. Dividing cells
are common.
Still farther outward the cells and their nuclei become
flattened. The cytoplasm stains darker, rendering the unstained cell boundaries more distinct. Dividing cells can no
longer be found. These cells resemble, in location and shape,
those that we designate as transitional cells (ch. 9, p. 494)
in other kinds of avian epidermis. Typically, transitional
cells show signs of becoming compressed and keratinized
as they move outward to add to the corneous layer. In the

Epidermis of bi<in:
(lorncous Ujcr
Germinatjvc Live
Dennis of skin

Pericentral sinus

Peripheral pulp capillaries

234.—Cross section through the base of a regenerating feather and its follicle from a Single Comb White Leghorn
Chicken. The feather has completed about one-sixth of its growth. The area within the rectangle, lower right, is shown at a
higher magnification in figure 235.
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235.—Cross section through the base of a regenerating feather and its follicle from a Single Comb White Leghorn
Chicken. The location of the area is shown by a rectangle at lower right of figure 234.

epidermal collar, however, the cells give no morphological
evidence of keratinization. . We therefore consider them
as incipient transitional cells. Cells above them, at higher
levels in the growing feather, are clearly recognizable as
transitional cells. Figure 235 shows the gradation between
the intermediate cells and the incipient transitional cells
at the base of a growing feather. The large polyhedral cells
between them may contribute to either layer at higher levels.
The incipient transitional layer grades outward into

the compact, soon keratinized layer of the feather sheath.
The latter is composed of cells that are highly compressed
and fused and is homologous with the corneous layer of
integumentary epidermis. As the cells are pushed toward
the periphery, their nuclei become very thin yet heavily
stained, and there is often evidence of cell death. The feather
sheath is closely appressed to the lining of the follicle at the
level of the collar; no separation between them is evident
(fig. 235).
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Formation of barb ridges
As the tube of epidermis is pushed upward by the proliferation of cells in the collar^ the basilar and intermediate
cells soon begin to rearrange themselves into barb ridges.
The short span of the blastema where this takes place is
accordingly known as the ramogenic zone (equals ramogenous
zone of Lillie and Juhn, 1938: 439). The intermediate cells
show more distinct boundaries, and their nuclei become
larger and more spherical than those in the collar cells. Some
of them Hne up along radii of the tube, forming septa that
mark the axes of the presumptive ridges. The septa extend
outward from the pulp and are evenly spaced around it.
The intermediate cells increase in number, owing to the
proHferation of cells below them in the collar, and, perhaps,
also to their own mitotic proliferation. During an early phase
of regeneration, proUferated cells of the basilar layer are
also said to migrate in to the intermediate layer (Hosker,
1936: 163; Eiselen, 1939: 418). The staining methods that
we have used do not reveal any differences among the intermediate cells that might indicate that they have been derived from two sources. Although the basilar layer in the
epidermis of a feather blastema is homologous with that layer
in the epidermis of integument, it may not function in the
same way.
The role of the basilar cells in the formation of the barb
ridges is not well understood, either. This is probably because investigators (including ourselves) have examined
successively higher sections in specimens of the same age,
where a definitive organization is recognizable. These simulate but do not exactly repeat the steps in the ramogenic
zone at different ages. Our observations support those of
Strong (1902: 152) and Hosker (1936: 170) that the basilar
cells rearrange themselves around the sides and inner edges
of the masses of intermediate cells but appear to conform
to the plan already laid out by them. They may be forced
into position by pressure from the pulp. Greite (1934: 296)
described a similar process of cellular rearrangement, except
that all the cells (save those of the sheath layers) were alike—
small and rounded, or polyhedral He maintained that the
basilar and intermediate layers did not differentiate until
after the primary axes of the barb ridges had been e;stablished.
Pulp bulges into the shallow furrows between the ridges.
A distinct basement membrane separates it from basilar
cells at the apex of each ridge. Extending radially, the folded
membrane separates the basilar cells on the facing sides of
adjacent ridges (Strong, 1917: 97).
Barb ridges appear first at the middorsal part of the
ramogenic zone; they then arise around the sides down to
the mid ventral part of the zone. Cells can be found accumulating at the dorsal point 28 hours after regeneration begins,
after the preceding feather has been plucked. By 36 hours,
a few ridges have appeared on each side of the middorsal
line, and by 54 hours 18 to 27 ridges are on each side, all the
way to the midventral line (Ziswiler, 1962: 260).
The ridges become longer in the early stages, mainly by
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the addition of new material at their proximal ends. Cells
are prohferated all around the collar but are grouped into the
ridges in the ramogenic zone (Lillie and Juhn, 1938: 440).
As new cells take their places, they apparently organize
those that will be added next. An important postulate of
Lillie and Juhn's theory is that the cells are added slightly
to the dorsal side of each ridge, not directly below it. Hence,
as the ridges grow, the sites where they are forming shift
around the collar until they nearly reach the middorsal
line. It is the centers of organization that move, not the
cells themselves. The barbs are laid out on a spiral course,
extruded by the addition of cells from the collar. They grow
axially (parallel to the long axis of the blastema) and tangentially (perpendicular to that axis) at the same time, and
the sum of these vectors is a spiral. The barbs are not simply
formed in the ramogenic zone and pushed obliquely. As they
grow, they are probably carried upward by the also lengthening pulp, and they may be pulled by the sheath as well
(p. 357). The arrangement of the barbs can be seen by
teasing open a growing feather and is shown diagrammatically
in figure 236.
Shortly after the first ridges have formed, new ones arise
in the ventral region of the collar. This site was designated
the ventral locus by Lillie and Juhn (1938: 436). Because
these ridges grow obliquely, parallel to the original ones,
those on opposite sides of the locus diverge at their lower
ends. Their apexes in the ramogenic zone thus form an
arrangement known as the ventral triangle (Lillie and Juhn,
1932; also 1938: 436), directly distal to the ventral locus.
This can be seen by splitting lengthwise the epidermis of
a blastema and flattening it out (Lillie and Juhn, 1938:
448 and numerous figures, e.g., 4-6, 7, and 13). The precise
location of the ventral locus is related to the symmetry of the
feather (Lillie, 1942: 250) and thus is determined by the
dermal papilla. The locus is situated at the midventral line
in blastemas that will produce symmetrical feathers such as
those at the midline of the dorsal body tracts. It is commonly
located excentrically on the side of the narrower vane,
because most feathers are asymmetrical. This placement
is most evident in blastemas for primary remiges or outer
rectrices. Asymmetry in cross sections of growing feathers
had been pointed out by Strong (1902: 155), but its further
significance was not yet known.
Barb ridges continue to arise at the sides of the ventral
locus as the existing ones are carried away. Owing to their
tangential growth, the lower ends of the ridges eventually
meet the rudiment of the rachis, situated in the the middorsal
line of the blastema. They join this tissue and are carried
axially on it (fig. 236). Those ridges of the original set, which
arose from the dorsal region of the collar, meet the rudiment
of the rachis very soon. They become the barbs at the tip
of a feather, whereas the ridges of ventral and of later origin
are incorporated at successively lower levels. The last ridges
to form become the barbs at the bottom of the vanes.
The orientation of the barb ridges cannot differ consistently between natal downs and definitive feathers as stated
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FIGURE 236.—Model of a growing contour feather, showing the arrangement of the barbs. The sheath and the pulp have
been omitted. Bands of dark shading indicate isochronous segments—portions of the rachis and the barbs that were formed
at the same time.

by 'Espinasse (1964; 275). The ridges must be inclined to the
long axis in all natal downs with a sizeable rachis, as those
of ducklings.
The mode and rate of barb formation provide a basis
for correlating the development of a feather with the final
structure and pattern. All the parts of a feather, including
the pulp, are formed at the same rate at a given time. Hardesty (1933: 60) recognized that tissues formed at the same
time in the blastema are situated on a hypothetical isochronous line. The manner in which isochronous segments
are lined up is shown diagrammatically in figure 236. An
actual line may be created by the reaction of the newly
forming tissues to hormones or pigments. The simultaneous
deposition of pigment in many barbs produces colored bands
across the vanes.

Feathers sometimes show alternate light and dark bands
caused by regular fluctuation in the deposition of pigment.
Visible only by reflected light, they vary in distinctness
among birds and are seen most commonly on the remiges
and rectrices. These marks are produced in normal development at intervals of approximately 24 hours. Because they
indicate the rate of growth, they are well termed "growth
bars" (Wood, 1950). They correspond to the pulp caps,
indicating that both are formed on the same rhythm of
development. Lüdicke (1959a; Lüdicke and Geierhaas, 1963)
investigated this rhythm by applying hair dyes and solutions containing radioactive tracers to the growing feathers
of Common Pigeons. The growth bars caused by these substances showed that keratin is synthesized at the same
fluctuating rate as other aspects of feather growth. A short
primary phase and a long secondary phase occur that re-
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semble but do not coincide with the periods of alternating
deposition of pigment (Lüdicke, 1966).
Abnormal as well as normal conditions can cause a simultaneous response in the parts of a growing feather. If a bird
that is molting is disturbed, the cells produced in the feather
blastemas at that time may be impaired. These cells develop
into barbs with abortive barbules or none at all, and the
finished feathers will show^ a line across the vanes known
as a fault bar (Riddle, 1908).These marks occur in the feathers of chickens (fig. 135, p. 205) as well as wild birds. If the
event that interrupts feather development is repeated, a
series of fault bars will appear in the finished feather. The
intervals between the marks, representing increments of
growth, can be measured to determine growth rate, but
only if the disturbance occurs at the same time every day.
The existence of a feather differing from neighboring feathers
in the presence, absence, or pattern of fault bars indicates
that the odd feather has replaced one lost from the normal
plumage (Michener and Michener, 1938).
An isochrone that is still straight in the finished feather
is evidence that all the parts grew lengthwise at the same
rate, as stated by Lillie (1942: 251). Commonly, however,
lines are curved or even asymmetrical on opposite vanes,
indicating that their points either were not begun simultaneously or did not grow at the same rate (Hamilton, 1952:
561). Variations in the rates at which the ridges form and
grow affect the final lengths of the barbs and hence the
shape of the vanes. Axial growth and the concept of the
isochrone were first applied to the analysis of color pattern
in regenerating feathers (Lillie and Juhn, 1932; Hardesty,
1931; Montalenti, 1934; and Fraps and Juhn, 1936). An
extensive review of research in this field and additional
experimental findings were presented by 'Espinasse (1939).
These and many other studies are gradually showing the
interrelated roles of the genetic code, hormones, pigment,
nutrition, and other factors that determine the appearance
of a finished feather.
Origin of the rachis
The ridges begin to differentiate into barbs shortly after
they have arisen. We will consider this phase of their history,
however, after we have described the origin of the rachis.
In Single Comb White Leghorn and Brown Leghorn Chickens, the rachis starts to form on or about the 7th day
after regeneration has begun (LilHe and Wang, 1941), Two
to four barb ridges in the middorsal region of the blastema
fuse at their proximal ends, thereby creating the apex of
the rachis. Barbules have already differentiated in these
ridges, but those on the interior, facing surfaces are eliminated by fusion (Greite, 1934: 310).
Several authors seem to be essentially in agreement that
below the apex, the rachis is formed from a central component and a pair of lateral components that are derived from
the bases of the barbs. They differ in their interpretation
of the details, although not as much as Lillie (1942: 252)
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seemed to think. According to Greite (1934), the barb ridges
continue to fuse in a proximal direction, and they do so at
progressively younger stages of differentiation. Fusion finally
overtakes differentiation at the level where the core of the
presumptive rachis arises directly from intermediate epidermis before this has become arranged into barb ridges at
all. The presumptive rachis has been called the shaft ridge
(German: Schaftleiste), but it is better called the rachidial
ridge because it is not involved in the formation of the
calamus, and hence is not in the entire shaft. The term we
suggest is synonymous with rachogenic column, as Greite^s
(1934: 312) term "Rachogensäule'' would be translated.
This core incorporates the bases of the rami after they have
differentiated (p. 374).
The core of the rachis has nothing to do with the barb
ridges but "is derived from an independent primordium in
the centre of the collar dorsally'^ according to the theory
developed by Lillie and his associates (Lillie and Juhn, 1932,
1938; Lillie and Wang, 1941; quotation from Lillie, 1942:
252). Two lateral (so-called ramie) components derived from
supposedly special modifications at the bases of the rami
fuse with the core. They can be stripped away if a feather is
softened in a 5-percent aqueous solution of potassium
hydroxide (Lillie and Wang, 1941). These authors also found
that the core itself is composed of a pair of lateral halves,
reminiscent of early ridges. Their findings seem to amplify
rather than contradict those of Greite (1934). Here again,
some of the differences in conclusions may have been due
to differences in the age of the specimens examined.
Another interpretation holds that as the barb ridges in
each pair grow in opposite half-spirals, they "fail to meet
dorsally, and the strip down the cylinder dorsally thus left
intact is the site of the developing rachis" ('Espinasse, 1964:
276). No further details are given.
Differentiation of barbules
The ridges begin to differentiate internally soon after
they have formed. In effect, these changes proceed from the
apex to the base of each presumptive barb, although actually
they occur at constant levels in the blastema. All the ridges
in a truly perpendicular cross section of a blastema are
intercepted at the same stage of development. This is because the rate of axial growth is equal at all points on a
given level. Sections in which the ridges are further developed on one side than on the other were probably not
cut exactly at a right angle to the longitudinal axis. The
more advanced sections of ridges were cut at a higher level
than the less advanced. In any cross section (except near
the tip of the blastema), the "oldest" ridges are those beside
the rachis. They are the oldest in terms of ivhen they started
to form, not in their degree of differentiation at the level of
the section. The ridges closer to the ventral side of the blastema not only arose later but also are intercepted progressively closer to their tips. As an aid to visuahzing this,
lay a pencil (representing a plane of section) on figure 236,
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transversely to the long axis of the feather at any level.
Differences in the structure of barbs around a cross section
may thus also be due to the location along each barb. Cells
that will become the apex of a barb soon begin to differ from
those that will become the base, even though they have
differentiated to the same degree.
At the start of its differentiation, a barb ridge is a wedge
of intermediate epidermal cells bounded on the lateral and
inner (axial) surfaces by a single layer of basilar cells. The
intermediate cells begin to divide by mitosis, and the new
cells aggregate into three masses—a pair of barbule plates
separated by an axial plate (fig. 308, p. 512). Rearrangement and rounding-up of the cells start at the outer (peripheral) region of each ridge and proceed toward the pulp.
Secondary gradients of development are thus superimposed
on the prmary gradients that cover the entire blastema.
The last cells to differentiate within a ridge are those at
the inner edge of the axial plate, which will form a ramus.
Mitotic activity continues here after it has diminished or
ceased at the periphery. The cells of the axial plate become
flattened in a median plane of the blastema. The basilar
cells between the ridges change in a similar fashion and
form the marginal plates.
The cells of the barbule plates line up close together, and
their nuclei begin to elongate. Longitudinal sections show
that actually they do not form sheets but columns, which
are the presumptive barbules (fig. 239). Near the bottom
of the growing feather, the columns are approximately hori-

zontal (i.e., perpendicular to the long axis), but at higher
levels they curve upward from base to tip. As each barbule
moves distally in the blastema, it becomes bent in sequence
from its tip to its base. The barbules at the top of a growing
feather eventually become oriented nearly vertically (i.e.,
parallel to the long axis).
It is not easy to visualize the construction of a growing
feather from histological sections, owing to the changing
orientation of the barbules, superimposed on the spiral
arrangement of the barb ridges. Cross sections of a blastema
are perpendicular to the long axis of the entire structure,
but generally are more or less oblique to the rami and the
barbules (fig. 239). It is only near the top of a growing feather
that a cross section also intercepts these parts transversely.
For this reason, the row of cells in a barbule plate must be
interpreted differently, as seen in cross sections at various
levels of a growing feather. Near the bottom, the cells in
a barbule plate are the successive units of a single presumptive barbule, whereas at the middle and above (figs. 237,
250, and 307, p. 511), they represent several adjacent
barbules. The transition from the first situation to the
second shifts from the periphery toward the ramus in progressively higher sections. This is an additional reflection
of the new gradient in development within each barb ridge.
The barbs and their barbules increase in length at the
same time that they are changing their orientation. A dynamic relationship between these phenomena probably
exists but does not seem to have been definitely established
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237.—Cross section through a regenerating contour feather of a Single Comb White Leghorn Chicken. The feather has
completed about one-fourth of its growth, and has been cut just below the level where it emerges from the neck of the
follicle. The filoplume is at about the same stage of development as the contour feather.
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The growth of a feather is accomplished by the production
of new cells (mitosis) and the enlargement of cells once they
have formed (intussusception) (Strong, 1902: 155). The
first process occurs chiefly in the collar and ramogenic zones,
and is responsible for relatively little total growth. The
second process occurs in the cells after they have ceased
dividing, and causes the barbs to increase in length 9.5
times (Hamilton, 1952: 561).
The elongation of the barbs and barbules is said to be
due to the traction exerted on them by the sheath. This
hypothesis was put forward by Greite (1934: 302), Vilter
(1934), and Lillie and Juhn (1938: 436), apparently without
knowledge of each other's ideas. As stated by the lastnamed authors, a relatively enormous
. . . part of the activities of the collar are employed in the formation of the very dense, highly resistant, and strong sheath. It is from
the sheath, in process of growth during the entire regeneration of
the feather, that the energy and the mechanical support for continued axial growth are derived. The forming barbs are carried
out with it. . . .

The presumptive barbules are joined to the sheath at their
tips, whence they are said to be stretched from their
less differentiated bases.
Plausible as this mechanism seems to be, there are certain theoretical objections to it and there is no experimental
evidence in support of it. The sheath must grow upward
more rapidly than the barbules if it is to exert a pull on
them. However, experiments with a wire inserted through
a growing feather show that the barbs and the sheath at
the same level grow at the same rate (Lillie, 1940: 151).
It might be postulated that the growth rate increases at
higher levels, thereby creating a differential between the
tip and the base of a barbule. This is contradicted, however,
by the fact that fewer mitoses can be seen at higher than
at lower levels. Finally, the degree of stretching would have
to fluctuate in order to create first pennaceous and then
plumulaceous barbules. These variations would have to
be rather complicated if they were indeed related to the
distribution of the two types of barbules on successive
barbs. Feathers with asymmetric vanes (e. g., the under
secondary coverts of a pigeon) are even more difficult to
explain by this theory.
The cells of the barbule columns are originally approximately cuboidal, with large spherical nuclei (figs. 250, C, and
308, p. 512). As they lengthen, the distal cells become narrowly cylindrical and the proximal cells become flattened
(figs. 237, 250, D, and 307). The nuclei disappear from the
distal cells, but they persist proximally, where they tend to be
situated near the barb septum. In this way, each column
differentiates into the pennulum and the base of a barbule.
Just as we have seen the apex of a feather form before the
base, the distal end of a barb before the proximal end, and
the barbules before the ramus, so we now find that the
pennulum of a barbule forms before its base.
The bases of the pennaceous barbules are so arranged
that in cross section they appear as narrow strips that run
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diagonally outward from the barb septum to the axial plate
in each barb (figs. 250, D, and 307). The edge of the cells
beside the axial plate will be the dorsal margin of the barbules
when the feather has opened. Later, the dorsal margin becomes bent inward toward the axial plate, thereby forming
the dorsal flange (Strong, 1902: 156). Within each developing barb, the dorsal flange becomes more pronounced in
the barbules on the side away from the rachis, thereby
marking them as the proximal series of barbules. This is
the first morphological difference to appear between the
barbules on opposite sides of a barb.
The barbicels of the pennaceous barbules arise as one
or two outgrowths from each of several cells, particularly
those of the pennulum. They appear at a relatively late stage
in the development of the barbules, as thick projections of
the cells. Their diverse final shapes are not attained until
the process of keratinization is finished. The barbicels increase
in size proximally along each barbule, and they are larger
in the distal barbules than in the proximal row (Strong,
1902: 157).
The development of plumulaceous barbules differs from
that of pennaceous barbules in the following respects :
1. Greater elongation of the distal ceHs in each column,
that will become the pennulum. The cells are consequently
smaller, rounder, and more uniform when seen in cross
section.
2. Fewer cells at the proximal end of each column are
incorporated into the base. Accordingly, fewer sections of
flattened basal cells are evident near the presumptive ramus
in cross sections.
3. The barbules cease to differ from each other on opposite sides of a barb.
According to Vilter (1935: 21), the change from pennaceous to plumulaceous structure is caused by a reduction
of germinal activity in the epidermal collar. He proposed
this theory in order to account for the observed elongation
of the barbules, but did not support it with any measurements of metabolism or rate of mitosis.
Plumulaceous barbules can be distinguished from pennaceous barbules by their arrangement as w^eli as by the
shape of their cells. A cross section of a plumulaceous barb
shows not one, but two rows of nearly circular sections of
barbule cells on each side. This may be an efficient way of
packing barbules that alternate their direction along each
side of the ramus.
With these criteria in mind, we can interpret cross sections
of barbs that show clusters of small, circular cells near the
sheath and rows of larger, polyhedral cells near the ramus
(fig. 237). The small cells represent plumulaceous barbules,
whereas the larger cells represent pennaceous barbules
situated distal to them. Barbs with both kinds of barbules
will appear in the finished feather in the transitional zone
between the pennaceous and the downy portions of the
vanes.
The rows of cells from separate barbules in each barb
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are initially arranged in straight lines, radiating from the
long axis of the blastema (fig. 308). As the feather continues
to grow, the peripheral ends of the rows become curved
toward the rachis. This effect is clearly seen in cross sections (figs. 237, and 250, A and B), particularly in those from
the lower half of the feather. It is thought that the barbules
become crowded and displaced because they increase in
size, whereas the sheath either does not stretch (Strong,
1902: 157) or grow very much in circumference.

cortex around the junctions on both sides of the ramus form
the distal and the proximal ledges (fig. 164, p. 242). The
bases of the barbules eventually become completely fused
with the ramal cortex. The junctions in the finished feather
are smoothed over (fig. 170, p. 247) and do not have the
appearance of a row of pockets, as depicted bv Greite (1934:
%.34),

Differentiation of rami

The rachidial ridge takes shape earher than the ramogenic columns. It increases in width more than height, and
its shape in cross section changes from oval to rectangular as
it grows from apex to base. Differentiation of this material
into the rachis occurs in a similar fashion and at the same
rate as in the rami. Cross sections at various levels show the
rachis and the rami at about the same stage of development
(figs. 237, 250, A and 5, and 308). Starting beside the sheath,
the walls of the cells become thickened and the nuclei become less evident. It is not certain whether the latter effect
is caused by the actual reduction of the nuclei or the elongation of the cells (resulting in fewer sections of a cell showing a
nucleus). The cells are initially polygonal in cross section,
but they become flattened near the outer surface. These
outermost cells remain in close contact with the sheath for a
long time, and their lengthening is said to be due to tension
exerted by it (Vilter, 1935: 28). The cytoplasm of all the
cells in the outer half of the ridge becomes denser and more
homogeneous than it was, a sign that it is keratinizing. As
a result of all these changes, the dorsal cortex of the rachis
is formed. I^Ieanwhile, cells near the center of the ridge begin
to enlarge and dift^erentiate into the medulla.. Their cytoplasm
disappears, leaving pale-staining nuclei that are as large as
the entire cortical cells. Subsequently, the fused walls of
the cells become thinner, and the nuclei shrink against them.
The cells on the axial side of the medulla (i.e., near the pulp)
finally begin to develop into more cortex, in the same way as
the outer cells. When they become differentiated into the
ventral cortex, the core of the rachis is completed at each
level.
The sides of the rachis are created by the fusion of the
bases of the rami with the lateral surfaces of the core (p.
371). This process starts at the apex of the rachis when the
components themselves have been formed. It proceeds
proximally as the rachis elongates, adding barbs at the rate
of four or five pairs per day in feathers on the pectoral tract
of a chicken (Liflie and Wang, 1941). As each barb joins
the rachis its growth is completed (fig. 236). Fusion is the
final step in a process that has shifted around the collar
from the ventral locus to the rachis. Fusion of the rami with
the rachis is therefore under the control of the same gradient
in the collar that earlier determined the location of the
rachis, and the orientation and growth of the barb ridges.
Barbs attach to the rachis in much the same way that
barbules join a ramus. Cortical cells of the rachis enclose
the proximal ends of the rami but do not form ledges below
or outside them (Greite, 1934: 314). The end of each ramus

A ramus begins to differentiate within each barb ridge
as soon as the basal cells of its barbules have formed at each
level. This process starts not only later but also higher above
the epidermal collar than the differentiation of the barbules.
While the cells in the portion of the axial plate near the
sheath have been shrinking, those near the pulp have continued to divide. The latter congregate into a diffusely bounded, rod-shaped mass we designate as the ramogenic column
(fig. 308; name translated from Ramogensäule of Greite,
1934: 307). It is not certain whether the new cells entirely
contribute to the column, or whether some of them add to
the bases of the barbules. The cells alter their shape and
arrangement but cease to divide at higher levels. Those in
the core of the ramogenic column enlarge and become cuboidal or polygonal (fig, 250, D). They differentiate into
medullary cells through the formation of large vacuoles
(fig. 307). This is thought to take place by the precipitation
of cytoplasmic colloid, mainly along interfaces between
tonofibrils and the cytoplasmic matrix (Auber, 1957b: 459).
The number of cells that contribute to the medulla at any
point varies according to the overall size of the ramus. The
surrounding ramogenic cells become wide and thin; their
boundaries disappear as they form a dense, homogeneous
cortex.
Carrying out the centripetal course of development in
the feather, differentiation of each ramus proceeds from its
peripheral side (toward the sheath) to its axial side (toward
the pulp). The peripheral side is pointed in cross section and
will become the dorsal border of the ramus in the finished
feather. The axial side is rounded in cross section and will
become the ventral border; the cortex here thickens slightly
on the surface toward the rachis, creating the ventral ridge
of the ramus.
The transition from pennaceous to plumulaceous structure
in the barbs involves two changes in the ramus in addition
to those in the barbules. The height (i. e., distance from the
peripheral side to the axial side) and width diminish, and
the cortical cells become elongate. The latter change has
been illustrated by Vilter (1935: fig. 40). Together, these
modifications help to explain the greater flexibility of the
ramus in a downy than in a pennaceous barb.
The barbules become joined with the sides of the ramus
as the layers of the ramus differentiate. The basalmost cells
of the barbules become partially surrounded by cortical
cells of the ramus (Greite, 1934: 309). Aggregations of

Completion of Rachis

DEVELOPMENT AND STRUCTURE OF FOLLICLES AND FEATHERS
is highly compressed and curved so that it conforms to the
side of the rachis. This modified segment, most or all of which
fuses with the rachis, is known as the petiole (Lillie and
Wang, 1941). A short distal portion of it may remain free
and hence visible in the finished feather (fig. 163, p. 241).
Petioles become bound to each other and to the core of the
rachis by long keratinous fibers that arise within them and
interweave as they span a distance of two or more barb
intervals.
Medullary cells do not differentiate in a petiole; consequently, the medulla of a ramus does not join that of the
rachis. Barbules cease to form on the distal side of a petiole,
but they often persist on the proximal side. Having joined
the ramus, they are then incorporated with it into the rachis,
and are known as rachidial barbules.
Formation of afterfeather
An afterfeather begins to form after the main vanes and
the rachis have begun to form, often not until they have
completed more than half their growth. The inception of
the afterfeather is related to its relative length in the finished
feather—the shorter the afterfeather, the later it begins to
form. In Barred Rock fowls, for example, afterfeathers
arise on pelvic feathers about 30 days after regeneration
has begun in females but not until 43 days in males, where
the main vanes are longer (Lillie and Juhn, 1938: 444).
The afterfeathers themselves probably grow at the same
rate in homologous feathers from birds of both sexes, for
they are virtually equal in length.
The formation of an afterfeather begins with the production of several barb ridges that grow axially instead of
obliquely from the ventral locus. These are not shown in
figure 236 but if they were, they would be located between
the two barb ridges at the apex of the afterfeather. The ventral locus then seems to divide into two daughter loci, one
on each side. This is inferred from the observation that barb
ridges subsequently form at two locations. No changes in
the cells of the epidermal collar can be seen with ordinary
histological methods, but it is very Hkely that they would
be revealed with cytochemical techniques. New barb ridges
that arise on the dorsal sides of the daughter loci grow around
the blastema toward the rachis as before; they will add to
the main vanes of the feather. Ridges that arise on the
ventral sides of the loci grow obliquely toward the midventral fine; they will form the barbs of the afterfeather
(fig. 236). Just as with the main vanes, the barbs of the
afterfeather are produced in sequence from its apex to its
base. An aftershaft (hyporachis) later arises from the collar,
midway between the daughter loci; the barbs proceed to it
and join it, in the same manner as those on the rachis (Lillie
and Juhn, 1938: 443).
Recent surgical experiments show that the system of
organization for the afterfeather is dominated by the system
that controls the main feather. The inñuence of the latter
not only diminishes from the dorsal to the ventral side of
the blastema, but it also appears to diminish ventrally as
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the blastema grows. By the time a feather reaches a certain
size, the system for the afterfeather can apparently manifest
itself (Ziswiler, 1962: 264).
The barb ridges of the afterfeather are like those of the
main vanes. They can be identified in cross sections, however, by noting whether the peripheral ends of the rows of
barbule cells curve toward the rachis (main barbs) or the
hyporachis (afterfeather barbs). This distinction does not
show in figure 237 because the section is above (i. e., formed
earlier than) the tips of the afterfeather barbs.
The shorter the hyporachis, the later it begins to form
after the start of the afterfeather barbs. This is the same
sort of temporal relationship as that between the afterfeather and the main feather. The growth of the rachis,
main barbs, hyporachis, and afterfeather barbs in relation
to time have been plotted by Ziswiler (1962) for feathers
of various birds, including chickens and pigeons. This author^s
scheme to account for interspecific differences in the growth
of the hyporachis can very probably be appfied to variations
in feathers from the same bird.
An afterfeather without a hyporachis (i. e., an aftertuft)
is produced when barb ridges on the ventral side of the
blastema grow axially instead of obliquely. Apparently all
the barb ridges cease to differentiate before a hyporachidial
ridge (aftershaft ridge) can be organized. The ventral barbs
then become rooted in the rim of the epidermal tube and
develop into umbilical barbs.
Feathers without any afterfeather (at the most, a few umbilical barbs) are exemplified by the remiges of all birds and
the contour feathers of pigeons. In these cases, the system
for the organization of the main feather apparently extends
to the ventral side of the epidermal collar throughout development. The potentiality of the ventral side for organizing
an afterfeather seems to be completely inhibited (Ziswiler,
1962: 271).
Disposition of basilar cells and axial plate
Most of the original intermediate cells of a barb ridge
are incorporated into a barb, but the basilar cells and a few
intermediate cells are left over. The basilar cells on the sides
of the ridge form the marginal plates (fig. 238, B) ; each pair
of opposing plates consolidates into a barb septum (figs.
238, C, 250, D, and 307, p. 511). These cells, and those in
the outer portion of the axial plate cease to grow. They become flattened and spread out as the barbule cells grow on
both sides of them (Strong, 1902: 160). In later stages, the
basilar cells and outer axial cells separate from the barbules,
as the latter separate from each other. They keratinize in the
form of small scales and are shed when the vanes unfurl.
The basilar cells on the apex of a barb ridge remain small,
closely packed, and undifferentiated until after the barb
has differentiated completely. The longitudinal strips of
cells on adjacent ridges then unite, forming a tube around
the pulp (Greite, 1934: 316). This tube is thus a secondary
formation and is not derived directly from the original
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Layers of feather epidermis:
Basilar Intermediate Sheath -

Rachidial ridge
Barb ridgi
Pulp epithelium

Pulp

Marginal plate

A
FIGURE

Barb septum

BCD

238.—Stages in the formation of the "pulp epithelium" as seen in cross sections of a growing feather.

A, original layers of feather epidermis.
B, formation of barb ridges and rachidial ridge. The intermediate
layer is marked with stripes (as in A) in only three ridges and is left
blank elsewhere for clarity.

tubular layer of basilar epidermis (fig. 238, D). The wall
of the tube becomes stratified and is known as the pulp
epithelium (Schüz, 1927: 126). The creation of the pulp
epithelial tube marks the end point in the centripetal gradient of development in the feather. The disposition of this
structure will be discussed in conjunction with the formation of the pulp caps (pp. 381-383).
Development of feather sheath
A growing feather is enclosed in a sheath—a, tapered
tube of squamous epithelium. The tip of the sheath is joined
to the preceding feather (fig. 134, p. 205); it is truncated,
not pointed as shown diagrammatically in figure 239. Although the sheath is homologous with the stratum corneum
of the integument (fig. 160, p. 238), it differs from that tissue
in the sources and the movement of cells into it. The cells
that will make up the sheath are produced both in the epidermal collar and in the intermediate layer at higher levels.
Our belief that sheath cells are created, not merely transformed in the intermediate layer, is inferred from the observation of mitotic figures in the nuclei of intermediate cells.
The outer intermediate cells thus become transitional cells
and then sheath cells. As they develop, they move not only
toward the surface of the layer but also sideways through it,
rising with the feather as it lengthens. In this respect, the
development of the sheath resembles that of the horny
coverings of the beak and the claws.
The differentiation and keratinization of the sheath start
at the surface of the tip and then affect cells located progressively lower and farther inward. These processes thus

C, fusion of marginal plates into barb septa.
D, fusion of basilar epidermis on axial surfaces of ridges, forming a
tube known as pulp epithelium.

take effect in the opposite direction than that in which the
cells are moving. The sheath is the starting place of the
centripetally and proximally directed gradients in development that we have already seen in the feather itself. Cross
sections of a blastema at any level below that where the
barbs and the rachis are completely keratinized will show
the sheath in a more advanced condition than the feather.
This is most conspicuous at the level of the collar, where
sheath cells have already fused and keratinized while the
barb ridges have scarcely begun to take shape (figs. 234
and 235).
The cells of the intermediate and transitional layers
differentiate and fuse into the sheath as they move upward
and outward. Hence, the sheath becomes thicker while the
transitional layer becomes thinner until it disappears. These
changes can be seen by comparing figures 234 and 235 with
figure 237. The innermost transitional cells are large and
polyhedral and show a homogeneous, granular cytoplasm.
Their transformation at higher levels involves the following
changes : flattening in the plane of the circumference, thickening of the walls, clarification of the cytoplasm, and keratinization. The nucleus of each cell tends to change shape
and to keratinize more slowly than the cytoplasm and the
wall. It may remain approximately spherical until the rest
of the cell has become highly compressed. The transitional
cells of the feather epidermis are homologous with those
of the integument. Similar in most respects, they differ in
that they do not tend to line up in columns and the cytoplasm does not develop distinct vacuoles.
The sheath is not sharply delimited from the transitional
layer but can be designated as that layer in which the cells

239.—Reconstruction of a growing contour feather. Colors have been used to help distinguish the parts and are not
intended to be realistic. The feather has been oriented vertically, whereas it actually points at an angle from the skin.

FIGURE

DEVELOPMENT AND STRUCTURE OF FOLLICLES AND FEATHERS

Ensheathcd feather

Neck of follicle

Feather sheath
Barbulc cell

Ensheathcd filoplumc
Rachis

Epidermis of skin:
Corneous layer
Germinativc layer
Barb:
Barbule
Ramus
Follicular cavity
Pulp
Basilar epidermis
(pulp epithelium)

Avian lamellar corpuscle
Peripheral pulp capillary

Barb ridge

Sheath (reflected)

Feather muscle
Elastic fibrous connection
of muscle to follicle wall
Epidermis of follicle
Dermis

Pcricciiíral sinus
Epidermal collar
Dermal papilla

Axial artery

/f.A^*v//Ví5

377

378

CHAPTER 7—GROWTH AND COLOR OF FEATHERS

are entirely keratinized, and their nuclei as well as their
bodies are much flattened. Owing to their change of shape^
the cells are much broader here than they were originally.
They overlap to a great extent^ causing the sheath to be
dense yet thin. The nuclei appear in cross sections as widely
spaced^ small, oval bodies (figs. 237 and 308, p. 512).
The outermost cells of the sheath begin to separate by
the time they have reached the neck of the follicle. They
form a disjunct layer at this level (fig. 307) and fall away
readily after they have emerged from the folHcle. These
isolated cells from the sheaths of natal down feathers have
been studied and depicted by Lucas and Jamroz (1961:
169, 176). They were found as puzzhng contaminants in
impression smears from the organs of embryonic and postembryonic chickens.
The sheath serves as more than an envelope for a growing
feather. Lilhe (1940: 159) pointed out that it is important
as a device for protecting the pulp and the feather against
desiccation. It is linked to the lining of the follicle by corneous sheets, which may help to hold the feather in the follicle. The sheath adheres to the barbs at lower levels and
may play a role in causing them to elongate. These dynamic
relationships have been postulated on the basis of structure
but do not seem to have been studied experimentally.

Review of the arrangement of parts
in a growing feather
We have discussed separately the formation of all the
parts of a contour feather except the calamus. It will be
helpful to see how they fit together before taking up the last
steps in development. By now, a growing feather has progressed from the blastema stage to the early immature
stage. Most of its parts have been laid out and have even
begun to keratinize. The tip of the feather, enclosed in the
sheath, projects from the follicle. A diagrammatic reconstruction of such a feather is shown in figure 239.
The rachis interrupts a circle of barbs and marks the
middorsal line of the feather. Each barb spirals away, from
the rachis distally. The point where the spirals on opposite
sides meet is approximately at the mid ventral line, but its
location depends on the relative widths of the vanes. An
afterfeather (not shown) will arise in the midventral region.
Each barb consists of a ramus and a row of barbules on either
side, between it and the sheath. The outer surface of the
barbs (i. e., the region of the barbules) will be the dorsal
surface of the vanes. The barbules slope upward more and
more steeply from the base to the tip of the feather. They
may join the inner surface of the sheath at their tips. Barbules on the sides of the rami facing away from the rachis
will become proximal barbules. Those that have been incorporated into the sides of the rachis will become rachidial
barbules.
The barbs surround a cylinder of pulp and are separated
from it by a tube of pulp epithelium. Radiating between the
barbs, from the pulp epithelium to the sheath, are the barb

septa (not shown). None of these parts mil be kept in the
finished feather except for the proximal portion of the pulp
epithelium.
At the bottom of the feather is a collar of actively dividing
epidermal cells. They wiJl eventually cease differentiating
into barbs and rachidial ridges and will form simply a tube,
the calamus.
The feather follicle is a cjdindrical pit with an extremely
thin keratinized lining. This layer is surrounded by a layer
of germinative epidermis and a la^^er of follicular dermis
that merges outward into the dermis of the skin. Feather
muscles attach to the dermis of the follicle by short tendons
of elastic fibers. Sausage-shaped avian lamellar corpuscles
curve around the follicle at various levels.

Keratinization of the Feather
General physiology of keratinization
The last phase in the development of the feather parts
is the transformation from a soft, quickly perishable state to
a very firm, long-lasting state. According to Matoltsy (1962:
4), this is accompHshed by keratinization—■
... a specific form of cell differentiation in which metabolically
highly active epithelial cells pass through various cytomorphic and
physiologic changes while they reach the terminal stage and become filled with a resistant and considerably insoluble horny
material.
Keratin, the material produced, is a scleroprotein that is
characterized by its resistance to attack by proteoMic
enzymes (Spearman, 1966: 59). As found in feathers and
certain mammalian structures, it contains a high proportion
of sulfur, chiefly incorporated in the amino acid, c^sstine.
Keratinization involves the production of a specific substiince
and differs from the general hardening of a tissue without the
incorporation of cystine. The latter process was called cornification by Bekker and King (1931: 1080), but their usage
has not been followed. Spearman^ suggested that it is perhaps best described as sclerification. He also pointed out
that the term '^cornification^^ is now generally used loosely
to describe all the processes that can occur during keratinization.
In each cell, keratinization starts after mitotic activity
ends and before the production of keratin precursors begins
to increase. This change of physiological activity seems to
be influenced by factors that are extrinsic rather than intrinsic (Matoltsy, 1960: 346). At least in the skin, keratinization is not a consequence of the thickening of the
epidermis and a reduction in the supply of oxygen and
nutrients (Miszurski, 1937: 136). In animals with a fairly
high rate of metabolism, tissues can be supplied with adequate oxygen by diffusion over a distance of up to 0,5 mm.
from the source (Prosser and Brown, 1961: 154). The sheath
of a gromng feather already shows advanced signs of kera-

^ Spearman, Il.I.C. Written communication. 1967.
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tinization when it is only about 0.14 mm. from the peripheral
pulp capillaries. This indicates that in feathers too^, keratinization is not a simple process of degeneration.
Energy is required for synthesis of the polypeptide precursors of keratin, but it is released in the oxidation of
sulfhydryl groups to disulfide bonds. (See footnote 4.)
The source of this energy is thought to be glycogen (Koning,
1957: 36).
The types of keratin found in the epithehal cehs of various
animals differ in their cytological features and molecular
structure. Formerly classified into so-called hard (high
sulfur content) and soft (low sulfur content) keratins (Giroud and Leblond, 1951), they are now generally classified
according to their molecular structure (Matoltsy, 1962).
The type of keratin in the cuticle of hair and wool gives an
amorphous X-ray diffraction pattern and contains no orientated fibrils. The protein chain molecules are thought to
be intermeshed as in felt, and therefore to have no general
direction of orientation. (See footnote 4.) By contrast, the
type of keratin in feathers, beak, and scales of birds, scales
of reptiles, and the cortex of hair and wool of mammals contains orientated fibrils in an amorphous cement or matrix.
The cement, known as gamma keratin, is probably the same
as that in hair cuticle. The keratin of hair and wool cortex
has an alpha molecular X-ray pattern, whereas that of
reptihan and avian integument has a beta pattern. In spite
of much study (reviewed by Dickerson, 1964: 740), the beta
keratin is perhaps the one form of fibrous protein the basic
structure of which is still in doubt.
Development of keratin in feathers
The development of keratin has been reported in embryonic feathers by Bell and Thathachari (1963) and in postembryonic feathers by Cane and Spearman (1967). For
some details, however, we must turn to accounts of keratinization in hair cortex (Matoltsy, 1960: 345; 1962: 8;
Rhodin and Reith, 1962: 85, 89).
The synthesis of keratin takes place in the cytoplasm of
each ceh and begins as'^ . . amino acids are first elaborated
into polypeptide chains, and cross linkages between neighboring chains and between folds of the same chain then
stabifize the molecular structure" (Spearman, 1966: 60).
Several beta polypeptide chains in a coiled parallel arrangement constitute a filament known as a feather microfibril. Feather microfibrils are about 30 A in diameter, whereas those in hair cortex measure about 80 A (Harrap and
Woods, 1964: 17). As more microfibrils are formed, they
become alined parallel with the long axis of their part of
the feather (e. g., a barbule). A dense, amorphous cement
accumulates around them and apparently holds them in
place. Granules of keratohyalin are formed at this stage in
certain mammalian keratins but not in feather keratin. The
microfibrils grow longer and become cemented together
into bundles known as tonofibrils. The diameters of these
are variable and some of them may have been artifactually
clumped together to form larger bundles. (See footnote 4,
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p. 378.) Meanwhile, the cell membrane becomes double ply
instead of single ply, although as seen with a light microscope it appears only to thicken. Later, mitochondria decrease and the nucleus begins to shrink. Although the nucleus vanishes by the time a cell has become entirely keratinized, its location in barbule cells can be discerned because it differs from the cytoplasm in refractility (Strong,
1902: 161). Cytoplasmic bodies, in the same way as the
nucleus, '^ . . may be trapped and obscured between the
condensing keratinous material'^ (Rhodin and Reith, 1962:
89). By the end of the process, the contents of a cell have
become fused, dehydrated, and filled with fibrous keratin.
The processes of keratin protein synthesis, polymerization, and the preparatory stages of keratin bonding appear
to take place concurrently in feather formation, whereas
they occur sequentially in hair formation (Cane and Spearman, 1967: 349). In other words, keratinization in feathers
takes place while the cells are fusing and assuming their
final shape, not afterward. Sometimes, in fact, the barbs
appear to be completely keratinized before they have completely formed; this may be the cause of certain abnormal
and peculiar conditions occasionally found in the feathers of
various birds. Because keratinization is a special type of
differentiation, it occurs in the same order as that in which
the feather parts were formed. We have already noted (p.
376) that the process takes place sooner in the sheath than
in the feather itself.
Changes in the chemistry of keratinizing cells are reñected by changes in their reactions to histológica! stains.
Auber (1955) stated that the cortex shows a change from an
acidophific into an intensely basophiüc state during keratinization. The basophilic condition is chieñy due to the
large amounts of ribonucleic acid (RNA) present in this
region. In a hair follicle, by contrast, cells are rich in ribosomal RNA while they are synthesizing keratin precursors
but weak in it when they later keratinize (Cane and Spearman, 1967). We have observed that Margolena and Dolnick's (1951) technique for staining connective tissues
causes cells to change from green to golden yellow as they
become fully keratinized. The combination of May-Grünewald and Giemsa stains causes the same cells to change
from purple to pink; however, thÍ3 stain does not clearly
show a difference between nonkeratinized and partially
keratinized epidermis.
The cells of the barbules, the transitional layer, and the
cortex of the rachis, and the rami all become keratinized
in the manner described above. Pith cells pass through the
same chemical process (Barrnett and Sognnaes, 1962: 34),
but their walls do not thicken greatly, and their cytoplasm
disappears as it dries up. The barb septa, axial plates, and
the cells left between the sheath and the tips of the barbules
cornify instead of keratinize. They shrivel and shrink away
from the feather parts. In histological preparations with
Margolena and Dolnick's (1951) technique, the cytoplasm
of these cells appears sparsely granular and pale brownish
pink.
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Chemistry of feathers
The composition of raw chicken feathers is about 90.7
percent crude protein, 1.3 percent ether extract (hpids),
and 7.9 percent moisture (McCasland and Richardson^
1966: 1233). Protein is present largely in the form of keratin, but we have not seen any figures on the proportion.
Analyses of the amino acid composition of the keratin
of feather from chickens, turkeys, geese, and other birds
have been pubhshed by several workers, including Schroeder
and Kay (1955), Stahl (1956), Schroeder et al. (1957),
Blackburn (1961), Harrap and Woods (1964, 1967), and
McCasland and Richardson (1966). Spearman (footnote 4,
p. 378) has pointed out that papers on this subject should
be read with caution to determine whether or not the feathers
were washed before hydrolysis. Soluble amino acids should
be extracted with solvents before keratin is analyzed.
The relative amounts of different amino acids in keratin
vary among the calamus, barbs, and the cortex and the
medulla of the rachis (Schroeder and Kay, 1955; Harrap
and Woods, 1964, 1967). The amounts of amino acids appear to be fairly constant in homologous parts of diiïerent
feathers from a bird, but they differ widely among species,
even between chickens and turkeys. The heterogeneous
nature of keratin is also shown by the fact that the relative
amounts of its sulfhydryl and disulfide compounds vary
in different parts of a feather (Barrnett and Sognnaes, 1962).
Feathers and the corneous layer of the skin contain proteins and other substances that are soluble in water, in addition to keratin, which is insoluble. These compounds have
been referred to by the general term ''nonkeratins'' (Gross,
1956: QS). They include 16 free amino acids like those in
keratin except that cystine is present only in traces. These
are considered to be either precursors or byproducts of
keratinization. Water-soluble polypeptides with an amino
acid composition similar to that of keratin have also been
found (Gross, 1956; Schroeder et al, 1957). Other nonkeratins that have been found probably result from the
destruction of cells by enzymes (Spearman, 1966: 70).
These include ammonia, uric acid, free purines, pentose
sugars, and reducing substances (expressed as glucose) but
not urea (Bolliger and Gross, 1954; Gross, 1956).
Lipids account for about 2 percent of the feather composition of several species of flying birds (BoUiger and Varga,
1961). These lipids are qualitatively different from the secretion of the oil gland that may be present on the surface of
a feather. In their unexpectedly high content of cholestanoi
(dihydrocholesterol) and large amount of free fatty acids,
they differ from the lipids usually found in vertebrate tissues.
Hence, the feather lipids ". . . are considered to be a byproduct of the keratinization process apparently being formed
with the feathers as it develops'' (op. cit., p. 1125). This
hypothesis has not been proved, and a possibility remains
that cholestanoi is derived from the oil gland (Spearman,
1966: 77).
Feathers are indigestible when raw, but they can be used
as a source of protein in poultry feed after they have been

hydrolyzed. Much about the chemistry of feathers has been
learned from studies on their processing and suitability
for feed (e, g., McCasland and Richardson, 1966; Moran
et al, 1966). Analyses of protein, fat, fiber, calcium, ash,
moisture, and certain amino acids in hydrolyzed feather
meal have been compiled by Committees on Animal Nutrition (1964), by suppliers of feed ingredients such as the
Commercial Solvents Corporation (1966), and by McCasland
and Richardson (1966). Wilder^ points out that these values
may differ from those that would be found in raw feathers.
Blood may be present in varying amounts with poultry

feathers that are processed into meal. Hydrolysis alters
the relative amounts of the constituents; for example, the
percentage of cystine is reduced from 8.7 in raw feathers to
2.8 in hydrolyzed feather meal (data from aforementioned
sources). According to Wilder, this change may be due to
conversion of some of the cystine to lanthionine during
processing. Other amino acids show smaller changes, according to the figures given by McCasland and Richardson
(1966: 1233).
Mercury has recently been detected in the feathers of museum specimens of several species of wild birds in Sweden,
using the method of neutron activation analysis (Berg et al,
1966). The level of mercury was found to be roughly constant
in each species from 1840 until about 1940. This value for the
Ring-necked Pheasant averaged 100 nannograms (nannogram = lO-^g.) per gram of body weight. Differences
among species seem to be chiefly due to different positions
in the food chain. The mercury concentration was found
to have increased at least tenfold to twentyfold since 1945.
Berg et al. (1966) suggested that this rise might be due to
alkyl mercury compounds used as seed dressings. These
chemicals are employed in the United States as well as Scandinavia for control of crop diseases. Experiments by Tejning
(1967) revealed mercury in the muscles, liver, kidneys, and
claws, as well as in the feathers of pheasants. Most of the
mercury deposited in blood and organs is not excreted but
transported to the plumage. This investigation indicates
that the remarkably high level of mercury in Swedish pheasants can be fully explained by the consumption of alkyl
mercury-treated seed grain left on the surface during sowing.
This explanation probably applies to many other avian
and mammalian seed-eaters and their predators.

Final Steps in Development of a Feather
Entergence from sheath
A feather starts to emerge from its sheath soon after the
tip has become thoroughly keratinized and is dry. During
this period, lower portions of the vanes are still forming
and the calamus has not 3-et begun to form. The sheath
cracks and flakes off, hastened by the rubbing of feathers
against each other and by preening actions of the bird's

ß Wilder, O.H.M.; Director of Technical Services for the National
Renderers Association, Inc. Written communication. 1966.
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beak. Because of their elasticity, the barbs spring apart
as they are freed. The rami and the barbules swing into
their proper orientation, and the pennaceous barbs interlock, again aided by preening. Emergence of the feather
commonly begins close to the tip, as shown in figures 131,
page 203, and 132. The ends of the terminal barbs are held
together for a while longer by the calamus of the preceding
feather. The barbs unfold in order from the upper end to
the lower end of the vanes. The lowermost barbs are freed
at about the same time that pulp has disappeared from the
distal end of the calamus. Early stages in these processes can
be seen by comparing, in order, primary remiges 3 to 1 in
figure 134, page 205; late stages can be seen in primary
remiges 10 to 6 in figure 133.

Formation of calamus
After a certain number of barb ridges have been formed,
they cease to differentiate. This marks the completion of
the vanes and the afterfeather, if any. Epidermal cells continue to be proliferated from the collar, but they now retain
their tubular arrangement as they move upward. The tube
formed by this tissue is the calamus, and the opening at its
upper end is the superior umbilicus. The pulp enclosed by
the calamus remains inside the feather, whereas the pulp
that was wrapped in the vanes is left outside the feather.
This change in spatial relationships, reflected in the pulp
caps, is shown in figures 159, page 237, and 160.
The wall of the calamus appears to be largely homogeneous in cross section (fig. 232). It is composed of closely
packed cells that are highly flattened in the plane of the
circumference, like the sheath. These represent mostly the
intermediate layer of feather epidermis; the outermost cells
are undoubtedly derived from the sheath layer although
they cannot be distinguished by ordinary histological techniques. The basilar Is^yer is very thin but distinct, and can
be peeled away with the pulp caps if the calamus of a fully
grown feather is cut open.
The rachogenic ridge extends into the calamus for a
distance of one to several millimeters, depending on the
kind of feather. It starts to divide at the level of the superior umbilicus, and the halves diverge at lower levels.
At first, each strip differentiates into a thin cortex and a
thick medulla. The latter portion diminishes toward the
base and the remnants of the rachis merge into the calamus.
These strips support the finding of Lillie and Wang (1941)
that the core of the rachis is composed of two lateral halves.
There is no comparable extension of the hyporachis into
the calamus.
The transition from the rachis to the calamus is more
complicated in pigeons than in gallinaceous birds or ducks.
Ridges form on the ventral side of the rachis and push into
the pulp. They unite at lower levels, thereby enclosing a
column of pulp inside the rachis and separating it from the
main column of pulp below the rachis. Either both columns
may continue into the calamus or the outer column may
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taper away, leaving the other, inside the rachis, to enter
the calamus (Greite, 1934: 314).

Formation of pulp caps
A tube of epidermis contains pulp throughout its gro\^^h
and differentiation into a feather. Pulp grows from the base,
while it does and is resorbed at its apex (LilUe and Juhn,
1932: 145). This process was questioned by Hosker (1936:
165) but demonstrated by Lillie (1940) in a full analysis
of the physiology of the pulp. His paper has been used as
the basis for the following account.
The height of the pulp column fluctuates, depending on
the balance between the rates of gro\\i;h and résorption. It
increases during about the first 2 weeks of regeneration (in
feathers on the pectoral and dorsal tracts of chickens), when
there is relatively little résorption. The height remains fairly
constant over the next several weeks, while the pulp is
resorbed as fast as it grows. It diminishes rapidly during
the last 10 to 12 days of regeneration, until it is all gone.
This final phase takes place at about the same time as the
formation of the calamus.
The relationship between the height of the pulp column
and the height of the total feather depends, in turn, on the
balance between the net growth rate of the pulp (growth
minus résorption) and the growth rate of the feather. From
about the 14th day of regeneration until the last few days
of growth, body contour feathers of Brown Leghorn or White
Leghorn Chickens grow at the rate of 1.5 to 3.0 mm. per day
(Lillie, 1940: 146). Additional data on the growth rates of
feathers are given by Juhn (1937), Lillie and Wang (1940),
and Streich and Swetosarov (1937).
The pulp and the sheath grow slowly but steadily during
about the first 9 days of regeneration. They are much longer
than the feather itself, in which the blastema is becoming
organized and the barb ridges are forming. Resorption of
the pulp begins about the 8th day and results in the
creation of a cavity between the sheath and the basilar epidermis over the tip of the pulp. During the next 5 days,
résorption continues at periodic intervals, though more
slowly than the growth rate of the pulp. Several very dehcate
partitions are formed across the apical cavity, but these
are not true pulp caps. They are lost when the tip of the
sheath breaks off, about the 13th or 14th day of regeneration.
At about this time, the pulp and the feather itself have
reached equal rates of growth. The feather, however, becomes taller than the pulp column because the latter is
being resorbed at the same rate and is kept at a nearly constant height. Pulp grows continuously but is resorbed periodically, at intervals that begin about 24 hours apart. These
processes are accompanied by the formation of pulp caps,
starting about the 15th day of regeneration. Caps continue
to form regularly until the pulp has entirely vanished and
the feather is fully grown. They are approximately uniform
in height until the last few days, when they become progressively shorter, owing to a declining growth rate. The
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close spacing between the last caps is shown in figure 233,
a longitudinal section through the base of a feather.
The pulp caps are formed from derivatives of the pulp
epithelium and are thus ultimately derived from the basilar
layer of the feather epidermis. Near the top of the pulp
column, the pulp epithelium splits into a very thin outer
layer and a thicker, inner layer of squamous epithelium. We
propose to call them the outer pulp membrane and the inner pulp membrane (synonyms for barb membrane and
pulp membrane, respectively, terms suggested by Lillie,
1940: 153). The outer pulp membrane is a tube that conforms to the inner surface of the rachis and the palisade of
barbs. It is incorporated in the finished caps but is not involved in the process of résorption. Over the apex of the
pulp, the inner pulp membrane displays two layers—a
germinative (Malpighian) layer against the pulp and a thick
layer outside it. We will designate the latter, the incipient
corneous layer of the inner pulp membrane, in reference to
its future state and to its homology with a stratum corneum.
This term is synonymous with the term "middle layer of
the pulp membrane,'^ as used by Lillie (1940: 155). To summarize, the pulp epithelium differentiates into three
components—^an outer pulp membrane, an incipient corneous
layer of inner pulp membrane, and innermost, a germinative
layer of inner pulp membrane. The cells of the germinative
layer are low columnar, whereas those of the incipient corneous layer are polyhedral and shghtly flattened; they become increasingly flattened as they keratinize.
Steps in the formation of pulp caps are shown in figure
240, a diagram that is based on one of Lillie's illustrations
(1940: fig. 7). We have begun the cycle in the reconstitution
phase, at a stage that corresponds most nearly to Lillie's
stage IV. For clarity, we have exaggerated the thickness
of the layers and membranes in relation to the diameter
of the pulp.
At the top of the pulp, proHferation of cells from the
germinative layer causes the incipient corneous layer to
thicken (fig. 240, A). The cells of the latter layer soon begin
to keratinize and become flatter and thicker walled. Our
preparations show that this differentiation starts near the
bottom of the layer and proceeds upward; there is a gradation in the degree of keratinization, as showm in figure 240, B,
Lillie (1940: 154), in contrast, indicated that the keratinized layer is differentiated above the entire nonkeratinized
layer. This discrepancy may be due to differences in methods
of processing or in interpretation of slides.
Spaces appear within the incipient corneous layer around
the pulp, at about the midpoint of the future cap (fig. 240,
C). They swell and coalesce, forming the cavity of the pulp
cap. The cavity expands over the apex of the pulp, thereby
splitting the unkeratinized cells of the incipient corneous
layer into upper and lower layers (fig. 240, D). The upper
layer and the keratinized cells above it constitute the dome
(or top) of the new pulp cap. The lower layer, which is very
thin, and the germinative layer below it remain in contact
with the pulp. Slides sometimes show separations between
them, but these are artifacts of processing.

Pulp is actively being resorbed while the cap is being
formed and set off. This process appears to be complex and
very interesting, yet the histológica! and chemical events
have hardly been studied. Our slides indicate that different
events are taking place at various levels in the pulp. At the
top of the column, the axial artery bears a profuse set of
branches, most of which curve outward and upward toward
the surface. The walls of the apical vessels disintegrate and
the blood corpuscles are set free in the pulp. The release of
blood is manifested in the zone of pink at the upper end of
the ensheathed portion of a growing feather (figs. 131, p. 203,
and 132). According to Lillie (1940: 155), the events may
begin with '''... a preliminary leucocytosis, but the first action
may be autolytic. Presumably the next step is an extensive
phagocytosis followed by a restoration of the products of
résorption to the blood stream." The free blood corpuscles
are seen only in the distal 1 to 2 mm. of the pulp, the amount
that will be consumed in the formation of the next cap. In
addition, the pulp itself is much less dense below this zone.
The pulp shrinks first in diameter and then in length.
Lillie (1940) indicated that these changes started at the top
of the column, but our preparations show that they often
begin at a level several millimeters proximally. The pulp
may have shrunk to less than half its original diameter
in the middle of the column before it diminished at the
top. Shrinkage is undoubtedly responsible for the formation
of the pulp cavity. Possibly autolysis occurs in the unkeratinized portion of the incipient corneous kwer before the
cells begin to separate.
The dome of a pulp cap is almost fully keratinized by the
time it is set off. Except on the bottom, the cells are highly
compressed and their nuclei arc no longer apparent, like
those in a feather sheath or a stratum corneum of integument. The sides of the cap are formed by keratinization of
the incipient corneous layer of the inner pulp membrane as
the pulp recedes (fig. 240, E). This layer is thin, and our
slides show that it becomes entirely keratinized. Accordingly,
we do not distinguish between keratinized and unkeratinized
layers in the sides of the cap, as did Lillie (1940: 154), The
thickness of the sides diminishes near the bottom of each
cap, with the result that the connection between caps is
fragile.
The stalk of caps begins near the tip of a feather and
gradually extends downward. Because the spatial relationships between the pulp and the parts of a growing feather
have been explained, it should now be clear why pulp caps
are formed beside the vanes as well as inside the calamus.
The continuity from external to internal caps through the
superior umbilicus is shown diagrammatically in figure 160,
page 238.
A finished cap is approximately c\dindricai with a flat
or domed roof, but its shape may be altered considerably
if it stretches or collapses while drying. The stalk is wrapped
in the outer pulp membrane and held together by it. Lillie
(1940: 155) pointed out that the walls of a cap consist of
outer pulp membrane and the corneous layer of the inner
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pulp membrane, whereas the roof consists of the latter layer
alone. The outer pulp membrane around the external caps
bears a deep impression of the rachis and fine impressions
of the barbs, as shown in figure 159. Protruding between
the grooves are the remnants of the barb septa. Inside the
caps, there is sometimes found a longitudinal strand, the
cornified remains of the axial artery. It runs through the
domes of the caps and may help to hold them together (fig.
160). We have found, as did Lillie (1940: 155), that this
structure is more common in the caps of the remiges (fig.
161) than in those of the body feathers.
The periods of résorption and cap formation alternate
with periods of reconstitution, when the apex of the pulp
and its blood vessels are restored by growth from the base,
and a new incipient corneous layer is proliferated from the
germinative layer over the top of the pulp (fig. 240, A). The
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reconstitution phase and the résorption phase of a cycle
last about 12 hours each. This and other observations suggested to Lillie that the caps were produced on a daily rhythm. He found, however, that caps in all stages of the cycle
were present at any hour of the day or night. Accordingly,
he was forced to conclude ". . . that the periodicity is not
determined directly by the regular diurnal fluctuations in
metabolic rate" (Lillie, 1940: 158). The membrane on the
apex of the pulp undoubtedly serves to protect the pulp
from desiccation. It is very important that the water content of the pulp and the feather parts be maintained for the
sake of those tissues that are still growing or differentiating.
Renewal of the protective membrane after a certain amount
of résorption has occurred apparently ensures that the pulp
does not dry out. The periodicity of the process is thus probably related to the water metabohsm of the growing feather.
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Incipient corneas layer:
Keratinized portion
Unkeratinized
portion:

Wall of pulp cap 1 —
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Pulp epithelium

D
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240.—Stages in the formation of pulp caps, as seen in longitudinal sections of growing feathers.

A, incipient corneous layer thickens above the pulp.
B, incipient corneous layer begins to keratinize above pulp; arteries at
apex of pulp grow many branches.
C, spaces appear in unkeratinized incipient corneous layer; apical
blood vessels begin to disintegrate, releasing blood.
D, cavity of pulp cap forms by coalescence of spaces; tip of pulp
recedes; sides of cap start to keratinize.

E, pulp cap is completed; résorption ceases.
Note that the "pulp epithelium" is derived from the basilar layer of
epidermis and that it divides into an outer and an inner pulp membrane. The latter differentiates into a germinative layer and an
incipient corneous layer, which in turn undergoes further differentiation.
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Formation of a neiv feather blastema
Pulp résorption and cap formation cease at the same time
that the calamus is completed. A small amount of pulp
remains above the dermal papilla after the last cap has been
formed. It becomes separated from the papilla by a boundsbTj layer of the uppermost dermal cells^ which become
compressed in the transverse plane of the feather (Greite,
1934: 318). The last pulp cap keratinizes yet does not become separated from the inner pulp membrane at the apex
(fig. 233). This membrane is continuous with the undifferentiated remnant of the basilar layer at the very bottom
of the feather tube. The last pulp cap and inner pulp membrane constitute an epidermal cap over the papilla and the
pulp. Thus, during the final phase in the development of
a feather^ the blastema for its successor starts to form.

Summary of Feather Differentiation
The differentiation of a blastema into a feather and its
accessory parts is summarized in figure 24L Virtually all
the transitional cells move into the outer layer where the}^
are transformed into the sheath, but a few may migrate
into the intermediate layer (Hosker, 1936). The latter is
derived mostly from the collar, but it does receive some
cells from the lower end of the basilar layer. According to
Eiselen (1939), some intermediate cells pass outward, but
we have seen no evidence of this. The intermediate layer is
the source of the feather itself. It develops for a long period
into the precursors for the barbs, rachis^ and aftershaft;
then, for a relatively short period, it is entirely transformed
into calamus.
Each barb ridge differentiates mostly into bar bule columns

and a ramogenic column, whereas a small remainder becomes
an axial plate. A ramogenic column develops into a ramus
until, at the proximal end, it is incorporated into the racliis
or the hyporachis.
The basilar layer on the sides of a barb ridge differentiates
into marginal plates, and pairs of facing plates fuse into
barb septa. The rest of the basilar layer, on the axial surface
of the barb ridges, becomes reconstituted into a tube of
pulp epithelium. In other words, this epithehum is not
derived from the pulp but from the epidermis covering it.
Outer portions of the barb septa, together with the axial
plates, disintegrate and are lost.
The pulp epithelium differentiates into a thin outer barb
membrane and a thicker, inner pulp membrane. Over the
top of the pulp, the pulp membrane develops into a miniature stratified squamous epithelium. The germinative layer,
in contact with the the pulp, remains nearh' constant, whereas the incipient corneous layer above it periodically thickens,
keratinizes, and splits off. The separation takes place in
the unkeratinized portion and enlarges into the pulp cap
cavity. The upper la^^er becomes keratinized as it forms a
pulp cap with the already keratinized portion. The very
thin lower layer and the germinative layer remain as a
covering on the pulp. The stalk of pulp caps is wrapped in
the barb membrane, which in turn bears longitudinal ridges,
the inner portions of the barb septa.
The dermal papilla produces pulp as long as a feather is
growing, but the pulp is graduall}" resorbed, leaving only
a very small amount at the base of a fully grown feather.
Blood vessels and nerves develop in the pulp and disintegrate with it. A portion of the axial artery may remain as
a cornified strand through the pulp caps.

DEVELOPMENT OF SPECIAL FEATHERS
Introduction
It is a general biological principle that an organism or
its parts can be anah^zed in terms of its growth process. An
investigation of the steps in development aids in understanding the nature of the fully grown part or organism.
As we have seen, the embryology of feathers helps to explain
the structure of natal downs and their Junction with succeeding feathers. The process of regeneration likewise explains many features of typical contour feathers, such as
the structure of the barbules, the afterfeather, and the pulp
caps. The normal process furthermore provides a basis
for analyzing the causes of naturally occurring abnormalities
in feathers. Studies of this kind have been conducted by
Goessler (1938) on Frillback, Jacobin, and Oriental Frill
domestic pigeons, Sebastopol domestic geese, and Dutch
Frill canaries (domestic variety of Serinus canaria); by
Juhn and Schaffner (1962) on ragged wing chickens; by
Riddle (1908) on fault bars in chickens and Barbary Doves

(domestic variety of Streptopelia decaocio (= Ring Dove,
Turhir risorius of Riddle)); and by Taubert (1910) on
chickens with silky or frizzled feathering.
A developmental approach can also be applied to contour
feathers with peculiar structures, showing not only how they
grow but also how they may have evolved. Analyses of the
spangles on the tips of feathers, for example, have revealed
that these are formed in one of two main ways. The spangles
in wax wings and several rails (Rallus spp.) are due to enlargement and flattening of the tip of the rachis. Those in
male Gray Junglefowis (Gallus so?ineraHi), Scaled Cuckoos
(Lepidogrammus cumingi), and Curl-crested Toucans (Pteroglossus beauharnaesü) have developed from the fusion of
the rachis with several barbs (Brush, 1965, 1967a; Brush
and Allen, 1963; Kimball, 1959). Actually, the spangles
involve broadening of the initial portion of the rachidial
ridge in the first case and incomplete separation and differentiation of the initial barb ridges in the second case.
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241 .—Summary of the differentiation of a feather blastema. This chart does not show the proportions of a layer that form each of its
derivatives or the proportions of a part supplied by each of its components.
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Another example is provided by the rectrices of motmots,
where portions of the vanes are regularly lost, basically,
because of malformation of the barbs (Beebe, 1910). The
bizarre feathers on the Bornean Bristle-head (Pityriasis
gymnocephala, Family Laniidae.) and the males of several
species of birds of paradise are evidently produced through
considerable modification of the typical processes in differentiation. Interesting as these cases are, there appears to
have been very little research into their histology and
development.
It is a short step from abnormal and pecuhar contour
feathers to other tj^pes of feathers. These too can reasonably
be regarded as the end products of the same basic gro\\i;h
plan, modified in certain phases. Although the differences
between feathers in their finished state are often great, the
differences in their development are actually small. This
being the case, it is easier to account for the diversification
of feathers among birds than might appear from the feathers
themselves.
Next, we will discuss the development of two types of
special feathers—^powder downs on pigeons and filoplumes
on chickens. Their background explains their finished condition and illustrates a few of the ways in which growth may
be modified.

Powder Feathers
The structure of powder feathers and the source of the
powder were investigated in many birds by Spöttel (1914)
and Schiiz (1927). Details on histology and development
were reported by Eiselen (1939) in his study of the socalled grease quills in certain varieties of pigeon, actually
an extremely modified type of powder feather. We have
examined the ordinary powder downs of Common Piégeons
and the highly modified feathers of Archangel Pigeons
(ch. 6, pp. 335-338). The latter feathers are intermediate
in structure between ordinary powder downs and grease
quills.
The first difference noted in the growth of powder feathers
is that the feather epidermis becomes partitioned into barb
ridges before it has differentiated into basilar and intermediate layers (Eiselen, 1939: 418). The basement membrane and the pulp penetrate about halfway through the
epidermis before the ridges become internally organized.
The cells of the ramogenic columns and the barbule plates
differentiate in similar fashion to cells of ordinary downy
or pennaceous barbs. The cytoplasm of the barbule cells
becomes greatly reduced, apparently shrinking around the
nuclei. The nuclei also become smaller, their nucleoli and
other internal elements cease to be visible, and they become
solidly keratinized, proceeding from the surface to the center
in each nucleus (compare fig. 242, D and E).
A second and more important distinctive feature of growing powder feathers is that the axial and marginal plate cells
play an important role. They do not shrivel up as they do
in ordinary feather germs but remain large, though compressed. Their nuclei become very small and do not become

keratinized; eventually, at higher levels in the feather,
they can no longer be seen. The cytoplasm of these cells
fills the space between the barbule cells and appears to
become finely granular. The granules keratinize, and we
believe them to be the precursors of the powder. The
walls of the cells become very thin, until they can no longer
be distinguished in more apical sections of a feather. As a
result, cross sections show that the barbules apparently
become embedded in a mass of powder granules (fig. 242,
E). To the best of our knowledge, the cytochemical processes
in powder formation have not been studied, but they would
seem to be very interesting and pertinent to investigators
of keratin in feathers.
Powder is not strictly an innovation in powder feathers
because minute quantities of it are produced in typical
contour feathers (Schüz, 1927: 215). Its abundance in powder downs is due not only to changes in the axial and marginal cells but also to an increase in the number of these
cells. Comparison of cross sections of growing contour
feathers (figs. 237 and 307, p. 511) and powder downs (fig.
242, A) shows that in the latter the barb ridges are much
higher (from pulp membrane to sheath) and hence contain
more cells.
While the barbs are differentiating, the intermediate
layer of the epidermis thickens at six to nine places around
the circumference. The intermediate and the basilar epidermis pushes into the pulp, with the result that the latter
is squeezed into longitudinal plates, the pulp septa, between
the fascicles of barb ridges (fig. 242, B). As this process
continues, the septa are partially obliterated and the pulp
is reduced to a slender core (fig. 242, C). The fascicles of
barb ridges tend to be more numerous and to remain bound
together longer in the powder downs of Archangel Pigeons
than in those of Common Pigeons. If one of these feathers
is teased apart, one can see that the cracks in the sheath
develop in line with the pulp septa in the places where the
feather tube is thinnest.
The significance of the pulp septa, as suggested by Schuz
(1927) is that they enlarge the surface where nutrients
are transferred from the pulp to the barbs. They seem to
compensate for the thickness of the epidermis while this
layer is differentiating, but later, toward the tip of a growing
feather they can be obliterated. This interpretation seems
more plausible than that of Eiselen (1939: 426) that the
thicker the intermediate epidermis grows, the more it becomes independent of a source of nutrients; hence the pulp
becomes less necessary and can be further narrowed. Pulp
septa are formed in the powder feathers of certain hawks,
parrots, frogmouths, and pigeons, but not in herons
(Schüz, 1927).
The external pulp caps of pigeon powder downs are deeply
fluted on the sides, reflecting the form of the septa. Because
the surface also bears fine longitudinal grooves as impressions of the rami, a cap resembles an inverted paper baking
cup, the sides of which have been pushed in at irregular
intervals.
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FiGTjEE 242.—Histology of a growing powder down from a Common Pigeon.
A, cross section of two barb ridges near distal end of feather.
B, cross section of feather near proximal end; pulp septa are thick.
C, cross section of feather near distal end; pulp septa are thin and
partly obliterated.

D, cross section of barbules near proximal end of feather from area
marked in B.
E, cross section of barbules near distal end of feather from area
marked in C.
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Filoplumes
Schedule of development
The development of filoplumes is unusual not only structurally but also in its timing in baby birds. Rudiments
of filoplumes appear about the 12th and 13th days of embryonic fife, both in chickens (Gerber, 1939: 184) and in
Common Pigeons (Pfeffer, 1952: 82). As in contour feathers,
these rudiments form in a definite sequence among and
within the tracts. They are visible at first as tiny bumps
on the elevated neck of a presumptive contour feather folHcie,
After 2 or 3 days, however, the rudiments sink into the skin
and are no longer visible.
The curious feature of this history is that the rudiments
usually cease to develop until about the time of hatching.
Unlike contour feathers and definitive downs, filoplumes are
not preceded by natal downs in most birds. This is not invariably the case (Pfeffer, 1952, to the contrary), because
in ducks and their allies, the filoplumes are preceded by tiny
downlike prefiloplumes (fig. 231, p. 356). These are present
on a newly hatched duckling and may persist on the tips
of the succeeding filoplumes until at least 48 days (Ewart,
1921: 625). True filoplumes, however, have never been
found on newly hatched birds. They do not emerge above
the skin until the 8th day after hatching in chickens,
about the 9th day in the Common Tern (Sterna Urundo)
(Gerber, 1939: 292), and the 10th day in Common Pigeons
(Pfeffer, 1952: 84). This timing appears to be related to
the growth of the contour feathers, for filoplumes usually
do not emerge until these have reached at least the early
immature stage in the second generation. We have occasionally found young filoplumes beside mature natal downs in
chickens.
The order in which filoplumes emerge corresponds approximately to the order of emergence in the contour feathers
themselves. In chickens, filoplumes appear first beside the
innermost primary remiges, and about 3 days later beside
the rectrices. They appear on most of the body tracts during the 3rd week but not on the head until the 4th week.
By the end of 1 month, filoplumes have emerged on at least
a portion of every tract. Judging by the prevalence of filoplumes at this time, the more advanced tracts are the alar,
caudal, dorsal cervical, interscapular, pelvic, ventral cervical,
and pectoral. Noticeably less advanced tracts are the capital,
dorsal, sternal, abdominal, humeral, femoral, and crural.
The development of an individual filoplume sometimes
corresponds only roughly to that of the feather it accompanies. Either may become fully grown a week or two before
the other. Even the two or more filoplumes beside a contour
feather commonly complete their growth at different times.
However, considering all the feathers in at least part of a
tract, a fairly close agreement is often seen between the
histories of the contour feathers and the filoplumes.
Filoplumes molt hke other feathers, and on a schedule
related to that of the feathers they accompany. In pigeons,

the new filoplumes are said to appear above the skin 3 weeks
after a new generation of contour feathers has appeared
(Pfeffer, 1952: 91). We have found in Single Comb White
Leghorn Chickens that filoplumes may molt before, with,
or after their companions. Figures 244 and 247 show contour
feathers and filoplumes that are both in the same early stage
of development. Minor discrepancies between filoplume and
companion feather and variation between adjacent feathers
are illustrated in figure 245. Considering tracts as a whole,
however, filoplumes in chickens molt at approximately
the same time as the feathers they accompany.
This correspondence in time is evident in figure 243, a
summary of data from three tracts that are representative
of those on the rest of the body. The scheme of this chart
is the same as that in figures 137, page 206, through 142,
page 210, but it is carried only as far as the 14th week. The
same colors are used for the filoplumes as for the contour
feathers, to show the equivalence of their generations. Strictly
speaking, the first generation of filoplumes accompanies
the second generation of contour feathers. The chart shows
that although filoplumes first emerge with the remiges before
they do on the body tracts, they do not lead at later molts.
Also, the new filoplumes emerge shortly before the contour
feathers on the pectoral tract at the second molt, with the
contour feathers on the dorsal cervical tract at the first
molt, and shortly after the remiges and the contour feathers
of the pectoral tract at the first molt.
Because the molting of filoplumes is related in some way
to the molting of contour feathers, Pfeffer (1952) conducted
experiments to learn what effect plucking of one kind of
feather would have on the other. Using pigeons and geese,
he found that filoplumes are not regenerated until the next
natural molt, regardless of whether or not their accompanying
feather has also been plucked. If a contour feather alone is
plucked, it is promptly regenerated, but there is no effect
on its filoplumes.
Gross aspect of a developing filoplume
When filoplumes first appear above the skin, they are
usually enclosed in a sheath, just like contour feathers (fig.
244). The tip of a first filoplume carries a prefiioplume in
ducks (fig. 231) but it is bare in most birds. Filoplumes on
young chickens grow out at the rate of 0.6 to 0.8 mm. per
day. The sheath dries and flakes off, starting either at the
tip or anywhere farther down. It may be shed down to the
mouth of the folUcle before growth is finished, with the
result that the rest of the filoplume is exposed as soon as it
comes above the surface of the skin (fig. 245).
When a filoplume first emerges from its sheath, it seems
to be a bundle of sparsely downy barbs. Later, the rachis
can be distinguished from the basal barbs by its greater
thickness and its few apical barbs (fig. 246). We recognize
the same stages of immaturity in filoplumes as in contour
feathers, except that we regard a filoplume as being late
immature until it has lost its basal barbs. This occurs in
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243.—History of contour feathers and filoplumes in three tracts on Single Comb White Leghorn Chickens. Feather
generations are denoted by colors as follows : the first generation is yellow, the second is green, and the third is red. Striping
indicates feathers are growing; solid color indicates they are fully grown.
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chickens 3 to 5 weeks after the filoplume has first appeared
above the skin, about the same as Pfeffer (1952: 91) found
in pigeons.
At the next molt, the mature filoplume is pushed out
of its folficle on the tip of a new filoplume (fig. 247). In this
photograph, the junction between the new and the old
feathers is coincidently at almost exactly the same level
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245.—Midimmature and late immature filoplumes on
the dorsal tract of a 919-day-old Single Comb White
Leghorn Chicken. The more advanced filoplume stands
beside the less advanced growing contour feather.

FIGURE

244.—Early immature filoplumes on the dorsal
cervical tract of a 24-day-old Single Comb White Leghorn
Chicken.

FIGURE
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to the fact that the latter is an ensheathed bundle of rachis
and barbs, whereas the former is only a shaft.
Late immature filoplume

Histology of a developing filoplume
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Filoplume
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246.—Late immature filoplume beside a mature
remex on a 24-day-old Single Comb White Leghorn
Chicken. The coverts and down feathers have been
removed.
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in both the filoplumes and the contour feathers. The calamus
of the old filoplume is now evident. It is presumably joined
to the tips of both apical and basal barbs in the new filoplume, but we have not examined this area. The difference
in thickness between the old and the new filoplumes is due
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247.—Postmature and early immature filoplumes
beside postmature and early immature median upper
secondary coverts on a 57-day-old Single Comb White
Leghorn Chicken.
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The foUicle of a filoplume is structurally like that of a
contour feather although it is much smaller, with an internal
diameter of about 0.08 to 0.16 mm. The relative size of the
two follicles is evident in figures 232; 237; and 309, page 513.
These pictures also show the extreme closeness between the
folUcles and the placement of the filoplume beside and slightly
above the contour feather. Near the contour feather follicle
are avian lamellar sensory corpuscles that may (fig. 232) or
may not (fig. 309) also be in the vicinity of a filoplume
folhcle. The wall of the filoplume follicle is relatively thicker
than that of the contour feather folhcle, principally in its
epidermis. Apart from size, the major difference between the
two follicles is that feather muscles do not attach to the
filoplume follicle. Filoplumes are the only type of feathers
not actuated by muscles. This character can be used for determining whether a filiform feather is a filoplume or a bristle,
in addition to features of the feather itself.
In filoplumes, the differentiation of the epidermal collar
into layers and subsequent parts is similar to the process
seen in contour feathers. Only about 16 to 20 barb ridges
are formed in the beginning, however, and no more are
formed later. A less conspicuous but more important difference from the contour feather is that most of the ridges
do not grow spirally but straight, parallel to the long axis
of the follicle (fig. 248). Only one to seven pairs of ridges
on the dorsal side grow spirally, those in each pair converging
toward the middorsal line. The remaining ridges are twisted
for only a short distance at the base.
According to Pfeffer (1952: 87), the rachidial ridge is
formed by the fusion of two barb ridges (those closest to the
middorsal line). This takes place before they have differentiated into barbule plates and ramogenic columns. Our
observations indicate that while this is initially true, the
rachidial ridge later becomes formed directly from the
epidermal layers without prior formation and fusion of
barb ridges. Because the rachidial ridge extends basally
farther than the barb ridges, it must continue to be produced
after the barb ridges have been completed. In our slides,
the rachidial ridge is thicker (from pulp to sheath) than the
barb ridges, and it projects into the pulp (fig. 309). It condenses into a rachis that is either flattened on the sides or
is oval as seen in cross section. Curiously, Pfeffer (1952:
88) found the rachis to be compressed dorsoventrally. This
difference does not seem to be due to artifacts of processing
because the sections are intact, but may be due to the species
of birds studied.
The barb ridges differentiate into the same parts in filoplumes as in contour feathers and downs. Those few pairs
on either side of the rachis are a little larger than the rest
in cross section. All the ridges develop into barbs with slender
rami and short, reduced downy barbules. The bases of
adjacent barbules tend to lie beside the rami rather than
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248.—Diagrams of a growing contour feather and a growing filoplume to show comparative structure. The feathers
have been drawn at the same size to make comparison easier. See figures 237 and 239 for histological details and true relative
size.
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peripherally from them; we did not find this arrangement
as pronounced as did Pfeffer (1952: 89). There are fewer
axial and marginal cells than in the barb ridges of contour
feathers, and, according to Pfeffer, the axial cells are later
resorbed. Marginal cells persist, however, and clump into
long masses on the axial surfaces of the rami, where they
look like sections of pennulum cells.
Because of their spiral course, the dorsalmost barbs soon
join the rachis, in the same way as those in contour feathers.
They are carried upward on the distal portion of the rachis
and thus become the apical barbs. Abnormally in chickens,
a very few more barbs join the rachis at lower levels, producing the sort of filoplume shown in figure 212, page 316.
The special feature of filoplume development is that the
remaining barb ridges are not laid out spirally and therefore
do not meet the rachis. They grow axially but not tangentially except at their basal ends. After the formation of barb
ridges has ceased, the epidermal collar produces a typical
calamus. The basal barbs of the filoplume are therefore
anchored on the upper rim of the calamus. This relationship
is exactly like that of umbifical barbs, which leads to the
conclusion that the basal barbs constitute the afterfeather

of a filoplume. It seems likely that the basal barbs break
off readily because of structural weakness at their junction
with the calamus. This is suggested by the fact that the
rachis at the same level—hence formed at the same time
as the barbs—is tapered downward. The bases of the barbs
become vulnerable to flexion and wear when the sheath
around them has been shed.
With this brief account of the development of a filoplume,
we have demonstrated the factors responsible for the finished
structure. These are shown in figure 248, a diagrammatic
comparison between a growing contour feather and a growing
filoplume, drawn at the same size. The filoplume lacks feather
muscles and hyporachis, and it has far fewer barbs than the
contour feather. Those few barbs close to the shaft grow
obliquely until they join it and become the apical barbs.
The remaining barbs grow only axially and, hence, never
meet the shaft. In the ramogenic zone, there is presumably
no ventral locus or shifting of the formative centers of the
barb ridges. Accordingly, no more barb ridges are produced
after the initial set. The basal barbs continue into the calamus and are apparently homologous with an afterfeather
of umbilical barbs.

COLOR OF SKIN AND FEATHERS
Birds as a class show an extraordinary variety of colors
and patterns in their plumage. Their feathers each present a
vastly larger surface than do such outgrowths as scales and
hair that cover the body in other animals. Color patterns
are displayed by individual feathers and by overlapping
of the many feathers that form the plumage. The complex,

fine structure of the barbs provides many possible ways for
the creation and modification of colors, as we shall see.
Bright colors occur not only in the feathers, but also in other
integumentary derivatives and in the skin itself.
Mainly because of their esthetic appeal, the colors and
patterns of feathers have aroused a great deal of interest.
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The number of references in the scientific literature probably
runs in the thousands. More than 17 pages are devoted to
''Coloration'' in the subject index of Strong's (1939-59)
"A Bibliography of Birds." Fortunately, several books
and review articles provide good introductions to the subject
and its literature. Fox and Vevers (1960) wrote an excellent
book on the nature of colors in all kinds of animals, giving
much information on birds. The articles by Biedermann
(1928) and Frank (1939) are comprehensive on the colors
of feathers but are somewhat out of date. The best review
of the entire subject, particularly the formation of feather
patterns, is that by Rawles (1960).
Colors must be identified before they can be analyzed.
Often they can be recognized and designated simply as
''red," "blue," and so forth, but sometimes more precise
distinctions are needed. In taxonomic studies of birds, for
example, the color differences among specimens may be
subtle yet constant and significant. Until recent years, the
usual method for designating color was the visual comparison of specimens with the color samples in a standard
system. One simple color system was provided by Palmer
(1962). This method and those derived from it have several
disadvantages such as the subjectivity of the viewer, as
pointed out by Selander et al. (1964: 491). These workers
described the use of a photometric colorimeter and a lamp
of constant color temperature for objectively measuring
colors of bird specimens. Juhn (1964) was able to identify
pigments within small areas of feathers from Brown Leghorn fowl by means of spectrophotometric determinations
of reflectance spectra. The use of this method for measuring
color over larger areas of plumage was described by Lubnow
and Niethammer (1964) and Dyck (1966).
Colors are caused by pigments, structural conditions,
and combinations of these factors. Pigments are chemical
compounds that absorb fight of certain wavelengths, whereas
structural conditions are physical features that modify or
separate the components of white light (Rawles, 1960: 212).
The brightest colors and boldest patterns in birds tend
to occur on the most exposed parts of the body. These include
the head, neck, upper back (prodorsal region), breast (upper
proventer region), tail, and the upper surface of the wings.
The under parts of the body are often paler than the upper
parts. Individual contour feathers have the same tendencies,
for they are strongly colored or marked only on the upper
surface of the exposed (pennaceous) portion. The under
surface here is paler, and the concealed (plumulaceous)
portion is generally white, gray, or brown. Semiplumes and
down feathers are unpatterned and Hkewise are white or
dull colored, except that the tips of semiplume barbs are
sometimes brightly marked if they are exposed. The calamus
in all feathers is either uncolored or lightly colored.
Pigmentary Colors
Three main categories of pigments occur in the feathers
and integument of birds—melanins, carotenoids, and por-

phyrins. They differ fundamentally in chemical composition
and mode of formation.
Melanins
Nature and synthesis of mekmns.—Melanins are the
most common pigments in feathers and other derivatives
of the integument. When present alone, they are responsible
for the duller colors, but when combined with other pigments or structural modifications of the surface they create
bright, even stunning colors. They have been defined chemically as ". . . pigments of high molecular weight, formed
by the enzymatic oxidation of phenols'' (Mason, 1959: 563).
They are insoluble and chemically intractable.
At present four types of melanins are known in birds.
By far the most common are eumelanin, named because it
appears black or dark brown, and phaeomelanin, which
is light brown, reddish brown, or yellow (Fox and Vevers,
1960: 23). An iron pigment that is closely related to, or
possibly identical with trichosiderin, the iron pigment of
human red hair, has also been found. It is the only phaeomelanin that may be obtained in different forms, and it
has other unique properties (Flesch et al., 1966). This iron
pigment has been isolated from red, brown, and buff feathers
of chickens, turkeys, junglefowl, and Bobwhites. It has
been separated into a dark purple pigment known as purple
I and a red-purple pigment known as purple II (Smyth,
et al., 1951; Somes and Smyth, 1965: 41, 276). A fourth
type of melanin appears chestnut red and has been named
"erythromelanin" (Harrison, 1965). It is present in several
passerine species and a dove and undoubtedly will be found
in many other birds.
According to Percival et al. (1962: 2), melanin is derived
. . . from the colourless amino-acid tyrosine which undergoes
oxidation as a result of the action of the copper-containing enzyme
tyrosinase. ... The first stage ... in a complicated series of
chemical changes is the slow formation of a small quantity of 1-3-4
dihydroxy-phenylalanine (dopa). As a result of dopa formation
the reaction becomes autocatalytic, and is thereby greatly accelerated.

More dopa is produced, auto-oxidized, and finally polymerized to form melanin. The structure of melanins was
reviewed by Mason (1959) and Swan (1963), and their
synthesis was described in detail by Seiji et al (1963).
The chemical substance of a melanin is bound to a tough
protein component that forms the basis of a granule. The
resulting compound is chemically classed as a melanoprotein.
Pigments and granules are synthesized in special branched
cells and transferred to the epidermal cells. Granules have a
definite size and shape as well as color in each species. These
properties might be useful for identifying isolated feathers,
although this does not seem to have been tried. The shape,
size, color, and distribution of the granules have been examined in tumbler pigeons by Lloyd-Jones (1915) and in
many breeds and varieties of chickens by Bohren et al
(1943).
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Granules may be rod-shaped, spherical, or oval; their
shape is independent of their color. Their maximum diameter
or length in chickens is reported as l.Sjit (Bohren et al.,
1943), but within the class of birds it is said to range from
0.3 to 3.0/x (Lubnow, 1963: 70). The internal structure of
the granules has been described from feathers of male Brown
Leghorns (Carr, 1957), and in greater detail from those of
Japanese Silkies (Schwarz and Kolbe, 1963). In the latter
case, each granule is composed of a homogeneous core surrounded by a shell of spherical bodies known as micropigment granules or primary granules and is enclosed in a thin
membrane. Brumbaugh^ has suggested that this description
applies to the granules in mutant recessive white feathers,
as found in the siikie. In his own study of forming eumelanin
and phaeomelanin granules in normally pigmented fowl,
he has found the structures to be similar but larger than
those reported in mice.
The color effect produced by melanins depends on the
pigments and on the concentration of granules. It is intense
where they have been thickly deposited and pale where they
are few. Black and gray are due to different concentrations
of the same pigment (Mayaud, 1950). Yellow, however, is a
definite pigment, not just a dilute form of red-brown or black
melanin (Lubnow, 1963). Melanins can be present in combination with each other, as in red, brown, and buff chicken
feathers, where two brown and two purple pigments have
been found (Smyth et al., 1951; Somes and Smyth, 1965).
Melanin also has the effect of making a feather denser
and more resistant to wear and photochemical changes. This
occurs particularly in places where concentrations of eumelanins are dense, as we have already discussed in conjunction with bristles (ch. 5, p. 272). This property of melanin
has long been known from gross observations (Spöttel, 1914)
and has recently been supported in studies with an electron
microscope. From his observations, Carr (1957: 161) gained
the impression ^^ . . that the particles, arranged in lengthwise
rows, contributed quite notably to the bulk and strength of
the feathers.''
The cells in which melanin is synthesized in birds have
been called melanocytes or melanophores by various workers.
We will use the former term, following Rawles (1960), Fox
and Vevers (1960), Lubnow (1963), and Fitzpatrick et al.
(1966). The last-named authors presented a terminology for
vertebrate melanin-containing cells that is based on the
opinions of many pigment-cell biologists. In this scheme,
a melanocyte is a fully differentiated cell that has begun to
synthesize a specialized melanin-containing organelle. A
melanophore is a type of melanocyte that, with other chromatophores, effects rapid color changes by the intracellular
displacement of the melanin organellQs. Melanophores are
found in the skin of fishes, amphibians, and reptiles. All
melanin-containing particles that are visible with a light
microscope can be simply called melanin granules. For

^ Brumbaugh, J. A.
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research in their ultrastructure or biochemistry, however,
they are regarded as organdíes and are termed ^^melanosomes'' when fully developed and ^'premelanosomes'^ in
all preceding states. These terms and the criteria of organelle
development were discussed by Fitzpatrick et al. (1966).
Emhryological origin of melanocytes,—In birds as in other
vertebrates, the history of the pigment cells can be traced
back to the neural crest. This is a transitory mass of cells
that forms between the ectoderm and the neural tube of a
very young embryo (Romanoff, 1960: 222). Soon after the
crest cells have arisen at any one level they disperse into the
adjacent mesenchyme. Some of them differentiate into
melanoblasts, the precursors of the melanocytes, whereas
others produce ganglion cells, and the sheath and supporting
cells of the spinal gangha. Melanoblasts are derived from
the neural crest in varying amounts in different regions.
Experiments with lampreys, Siikie and Lakenfeld Chickens,
mice, and rats have shown that more melanoblasts come from
the presumptive head . and tail regions of the crest than
from the presumptive trunk region (Danneel and Schumann,
1963; Lubnow, 1963). The opposite pattern of formation
has been found in certain varieties of domestic ducks (Koecke,
1958).
Because the melanoblasts are unpigmented, they cannot be
distinguished from the mesenchyme cells in ordinary histological preparations. Their migration has been investigated with such experimental methods as grafting and tissue
culture. Koecke (1959) reported that the presumptive
melanin granules can be recognized, even before they show
any tinge of color, by the use of phase contrast microscopy
or by staining with the Feulgen reaction. These techniques
make it possible to identify melanoblasts in duck embryos
as early as 90 hours after the start of incubation. The early
pigment granules are crowded close to the nucleus in a
spherical or elliptical complex. They arise in the same portion
of a cell where the Golgi material is concentrated.
The melanoblasts migrate into the epidermal and mesodermal precursors of many tissues, starting with the skin
and the feather primordia. A long series of transplantation
experiments by Fox (1949) showed that the cells first migrate beneath or into the epidermis lateral to the neural
plate, following an approximately anteroposterior sequence.
They then spread laterally, first at the levels of the limb
buds. In embryos of Barred Plymouth Rock Chickens,
melanoblasts enter the ectoderm of the wing buds between
the 80th and 91st hours of incubation (Watterson, 1942).
They reach other tissues during specific later periods in
embryonic life, the only times that this will occur during
the life of a bird.
Melanoblasts in the epidermis and the dermis of the skin
are believed to multiply during the 4th to 7th days of incubation. They are evenly distributed until they become incorporated in the newly formed feather primordia. Here
they persist and multiply, while they disappear from the
intervening epidermis (Prentice and Eastlick, 1954). The
cells begin to synthesize melanin between 7 and 73^ days of
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incubation in Barred Plymouth Rock embryos (Watterson,
1942) and at about 8 days in Silkie (White and Easthck,
1953) and White Plymouth Rock embryos (Prentice and
Eastlick, 1954). According to Brumbaugh (see footnote 6,
p. 393), the time of synthesis in embryos of these breeds is
genetically controlled. The granules arise within cytoplasmic
vesicles and are discharged from them while still colorless.
As they circulate in the general cytoplasm of a cell, they
gradually become pigmented and assume their definitive
size and shape. The nuclei of the cells become spherical,
and the cytoplasm sends out one or more branched processes. With the appearance of pigment and morphological
changes, the melanoblasts develop into melanocytes.
Differentiation of melanocytes soon ceases in the epidermis of the integument on the feather tracts. The process
continues, however, in the feather germs and the germinative layer of the epidermis of unfeathered integument (i. e.,
apteria, rhamphotheca, and scales of the feet).
Deposition of melanin in natal downs,—The melanocytes
in the distal two-thirds of a feather germ become alined in
10 or 11 rows parallel to the long axis, whereas they are
still randomly arranged in the proximal third of the germ.
Ahnement takes place during the 10th day of incubation
in Barred Rock embryos (Watterson, 1942: 239), and
probably occurs about the same time in other pigmented
chickens and ducks. The pigment cells are situated in the
intermediate layer, close to the inner edges of the barb
ridges as these form. During the 11th day, the pigment cells
send processes outward along the sides of the ridges to the
most peripheral cells of the barbule plates. Melanin granules
in the bodies of the melanocytes very soon begin to accumulate at the tips of the processes. The tips become
swollen and pinched off, releasing blobs of pigment among
the inner cells of the feather sheath. Later, melanin passes
directly into the cells of the barbules, starting with the
outermost. As these become keratinized, the processes of
the melanocytes withdraw and supply pigment to more
centrally located barbules and the rami. Study of Common
Coturnix embryos showed that melanin may enter the
feather cells at any point. Each barb is supphed mostly by
its own melanocytes, but may also receive processes and
pigment from melanocytes in adjacent ridges (Kawamura,
1933: 186).
Deposition of pigment begins before keratinization but
is gradually overtaken by that process at each level. Two
sorts of evidence suggest that the feather cells play an active
role in the uptake of melanin, that they are not simply injected by the melanocytes. First, the barbule cells actually
ingest the initial blobs of pigment, and second, they apparently can receive pigment only when they have reached
a definite stage of differentiation, characterized by elongation
and the onset of keratinization (Watterson, 1942: 254).
As the feather germ grows, additional melanocytes develop
from melanoblasts in the dermis below the follicle and migrate into the epidermal collar. These melanocytes begin
to transfer their pigment to the feather cells within a short

distance upward. This step is completed farther distally,
and the melanocytes retract their processes. They degenerate
in the pulp epithelium and later become incorporated in
the walls of the pulp caps. It is by this whole process that
the barbs of a natal down feather become pigmented with
melanin.
The calamus of a natal down is always less heavily pigmented than the barbs, but the degree of pigmentation, at
least in chickens, is related to its structure. In cases where
the calamus is a homogeneous tube ^^ . . almost no pigment
is deposited, and rounded clumps of pigment (degenerate
melanophores) are scattered among the epidermal cells"
(Watterson, 1942: 246). If, however, the barb ridges are
more or less distinct :
. . . considerable pigment is deposited, and degenerate melanophores
packed with pigment are much less common. The transition from
the heavily pigmented barb-vanes of down feathers to the lightly
pigmented calamus is always gradual, whereas the change from
the Hghtly pigmented calamus to the heavily pigmented tips
of juvenile feathers is very abrupt [Watterson, loc. cit.].

Deposition of melanin in regenerating feathers,—If a natal
down contains melanin, subsequent feathers from the same
folücle usually have this pigment also, though not in the
same color or pattern. It was formerly suggested that the
melanocytes in a regenerating feather were derived from a
reservoir of melanocyte stem cells at the base of the folhcle.
Greite (1934: 324) described such cells in the epidermal
collar of a resting blastema, but his observations have not
been confirmed by others. Foulks (1943), on the other hand,
demonstrated that a resting blastema contains only melanoblasts and degenerate melanocytes, mostly at the apex of
the pulp. The melanocytes do not become reactivated and
the melanoblasts normally do not develop further, although
the latter are capable of doing so.
In feathers of Barred Plymouth Rocks, new active
melanocytes appear during the 3rd day of regeneration.
They are first confined to the pulp and are only faintly
pigmented. These cells have begun to develop from melanoblasts that very probably migrated up from the dermis
outside the follicle (Foulks, 1943). The exact source of the
extrafolHcular melanoblasts has not been determined. They
are beheved to move along the blood vessels into the blastema
(Rawles, 1944). During the next 4 days, the melanocytes
become more numerous and more deeply pigmented. They
congregate at the periphery of the pulp in the region of the
ramogenic zone and begin to penetrate the epidermis (fig.
249). Soon the melanocytes migrate into the epidermis of
the feather at this level and begin to fine up in the barb
ridges. As pointed out by Strong (1917: 97), their passage
appears to be related to the discontinuity of the basement
membrane lining the epidermal collar. In brief, the melanocytes of a regenerating feather are normally descendants
of onl}^ melanoblasts in the extrafollicular dermis.
A high turnover of pigment cells occurs during most of
the period of regeneration. Melanocytes are continually
supplied to the pulp and epidermis at the base of the bias-
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249.—Migration of melanocytes from the pulp to the epidermis of a feather blastema. The drawing shows part of a
cross section of the base of a blastema from the dorsal tract of an adult Bobwhite (Colinus virginianus).

tema; they provide pigment for each new part of the feather
as it develops, after which they degenerate (Foulks, 1943).
The history of these cells, including their differentiation,
alinement in barb ridges, deposition of pigment, and degeneration, is like that described in the natal downs. It has
been investigated and well illustrated by Strong (1903),
Greite (1934), and Hamilton (1940).
We have tried several stains on our own slides of regenerating pigmented feathers. Melanin shows up very well
against a light-blue background of the epidermal cells, as
achieved by a combination of May-Grünewald and Giemsa
stains (fixation in Zenker acetic) or Humason and Lushbaugh's (1960, 1961) technique followed by staining in orange
G (fixation in Bouin's fluid). The pink-violet background
produced by hematoxylin and eosin gives a satisfactory
though weaker contrast.
Differentiation of pigment in the melanocytes is completed within a short distance above the ramogenic zone.
The granules become larger, darker, and still more numerous. Those formed in each cell are nearly uniform in
size, shape, and color. If different melanin pigments are
present in a feather, they are produced in separate cells
(Kawamura, 1933). The granules move within the melanocytes, apparently due to combinations of protoplasmic
streaming and Brownian movement (Hamilton, 1940).
The bodies of the pigment cells in each barb ridge are
interspersed with the cells of the ramogenic column (fig. 250,
A and C). They are much larger than the epidermal cells
and often obscure them in the proximal portion of a blastema.
The number of melanocytes intercepted in a barb ridge at
this level varies from one to four; it is probably related to

the color determined for the barb, not to the width of the
barb ridge. The pigment cells probably ascend both actively—by their own efforts—and passively—carried by
the epidermal cells, but we have not seen a study of this
point.
The melanocytes start to send out processes at about
the same level that barbule plates become distinct. These
processes soon become filled with pigment granules and
begin to grow branches, mostly near their tips. Strong (1902:
168) noticed that the points of branching are frequently
swollen. The processes extend perpendicularly (from the
feather axis) along both sides of each barbule plate to the
sheath. Longitudinal sections show that at a higher level
the processes turn downward, with the result that they
intercept one or more columns of barbule cells, now turned
upward (Greite, 1934: fig. 14).
Melanin granules are then passed into these cells, in the
same way as in natal feathers (fig. 250, A and C). The pigment is commonly left as small blobs amidst the axial plate
cells, but none is incorporated into them or the sheath or
marginal cells. The barbule cells were said by Strong (1902:
170) to become pigmented in sequence outward from the
axis. Our observations, however, support those of Greite
(1934) and Hamilton (1940) that the sequence proceeds
inward from the periphery. Melanin enters a barbule cell
at any point, and accumulates in the cytoplasm. The nucleus is not invaded, and thus becomes prominent as a clear
spot in a dark field. The pigment granules are distinct at
first, but they coalesce as the cell shrinks and becomes
keratinized.
The degree of pigmentation varies among the cells ac-
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cording to their location in the feather and the location of
the feather on the body. The granules are deposited more
abundantly in the cortex than in the medulla of the rachis
and the rami (fig. 251 ). They occupy the walls of the medullary cells, not the cavities. In cortex, melanin pigment is
most abundant where the layer is thick, i.e., the edges,
trabeculae, and lateral ribs of the rachis, the ledges and
ridges of the rami, and the barbicels and dorsal portion of
the barbules (Spöttel, 1914). The granules are sometimes
laid down in layers within the cortex of the rachis and the
rami (fig. 251). In chicken feathers, spherical granules where-

ever found tend to be deposited in beadhke rows, oriented
lengthwise in the feather structure. Rod-shaped and oval
granules are also oriented lengthwise in rows (Bohren et al.,
1943). Layers of melanin granules are unusually distinct
and regular in iridescent feathers, as Dorst (1951) has shown
in hummingbirds.
Distal barbules are usually more heavily pigmented with
melanin than proximal barbules (Lloyd-Jones, 1915; Bohren,
et al., 1943). They are sometimes very dark, whereas the
proximal barbules contain little or no pigment. This difference is probably a reflection of the fact that distal bar-
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FiGURE 250.—Deposition of melanin in the cells of growing feathers on an adult Bobwhite {Colinus virginianus).
A, cross section of rachis and several barbs in process of receiving
pigment from melanocytes.
B, cross section of rachis and several barbs that have finished receiving
pigment.

C, single barb as in A, at higher magnification; melanocytes send
processes to barbule cells and obscure the ramogenic column.
D, single barb as in B, at higher magnification; melanocytes have
disappeared.
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251.—Arrangement of melanin granules in a section
of a ramus from the pennaceous portion of a humeral
feather of a Bronze Turkey.
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bules lie on top of proximal barbules, and hence are the more
visible of the two. Cross sections of well-pigmented growing
feathers show a pale row and a dark row of barbule cells
within each barb ridge (fig. 250, B and U). The distal barbules (facing the rachis) tend to be dark, whereas the proximal barbules (away from the rachis) tend to be pale. An
exception to this pattern has been found in Blue Andalusian fowl, where the blue feathers have more pigment in
the proximal barbules than in the distal barbules (Bohren
et al, 1943: 507).
Cross sections of melanized growing feathers commonly
also show a demarcation between an outer zone of pigmented
barbule cells and an inner zone of unpigmented cells. This
can be seen in the distal barbules pictured in figure 250,
A and C. The transition occurs between the cells receiving
pigment and those not yet ready to receive the melanin or
not destined to receive it, according to the inherited pattern
of the feather.
Even white feathers in chickens may contain a small
amount of melanin. A few black granules have been found
irregularly in both dominant white (e. g., Single Comb
White Leghorn) and recessive white (e.g., Plymouth Rock,
Wyandotte, Minorca, and Orpington) breeds (Bohren et al.,
1943). Downy barbs contain relatively large granules about
1.1M in diameter and 0.5 to 2.0/i long. These are irregularly
rod shaped to spherical, and they occur rather infrequently,
either singly or in small clusters. They are situated in the
center of pennulum cells, proximal to the nodes. Both
pennaceous and downy barbs contain minute spherical granules ranging from about 0.5^ in diameter downward to
the limit of visibility with a light microscope. More frequent
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than the larger granules, the minute granules are located in
the bases of barbules, the sides of the rami, and occasionally
in the nodes. Willier and Rawles (1940) reported finding that
pigment granules were usually absent from white feathers in
some of the same breeds mentioned above. Bohren et al.
(1943) pointed out, however, that these workers examined
only downy barbules where they, themselves, found pigment
less frequently than elsewhere. We have not detected pigment
cells or granules, however, in any of our skin or feather
(both down and pennaceous) specimens from Single Comb
White Leghorn Chickens. Whiteness in feathers is discussed
further on page 410.
The processes of the melanocytes break or are retracted
as the barbs and rachis become pigmented at higher levels.
The pigment cells round up and degenerate, probably owing
to the accumulation of their wastes (Hamilton, 1940). Their
decline may also be related to the change in their environment caused by the keratinization of the feather cells.
They shrink and become incorporated in the barb membrane, and hence in the walls of the pulp caps. With the
disappearance of the melanocytes, the ramogenic columns
can be clearly seen (fig. 250, D).
During the early phase of regeneration, all the melanoblasts and melanocytes in the pulp move into the base of
the epidermis. Later, an increasing number of them fail
to reach the epidermis. Melanocytes accumulate in the pulp
at the level of the ramogenic zone, and are carried up to the
level of the ramogenic zone, and are carried up to the apex.
They degenerate into a blob of pigment that remains in
the blastema formed at the close of regeneration (Foulks,
1943). This melanin, it should be repeated, is normally lost
and does not contribute to the pigmentation of the next
feather.
Deposition of melanin in skin, rhamphoiheca, and scales.—
Melanin is deposited not only in feathers but also in the
integument and its other derivatives, where it imparts black,
gray, or brownish color. Brighter colors of these structures
aie created by carotenoid pigments, alone or in combination with melanins, as discussed on pages 401 to 402. The
color of the skin and the form and distribution of its melanocytes in many species of birds were reported by Lebedinsky
(1929).
Melanocytes in the integument and its derivatives are
derived from melanoblasts that originated in the neural
crest. They appear in the dermis during the 15 th to 21st
days of embryonic development in chickens (Hamilton,
1940: 527). These cells are uncommon or rare in the body
skin of most pigmented chickens, but they are extremely
numerous in Silkie Fowl, with the result that the skin of
these birds is characteristically blue black. Here melanocytes
reside in the dermis but not in the epidermis. Prentice and
Eastlick (1953) and White and Easthck (1953) reported
finding melanin in subcutaneous tissues of certain breeds of
chickens. We have not been able to check this in our own
material, but our interpretation of what constitutes subcutis (ch. 9, pp. 287 and 289) may be different from theirs.
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252.—Melanocytes beside an arteriole in the dermis of the skin on the dorsal tract of a Bobwhite {Colinus virginianus).

Both melanoblasts and melanocytes reside in the dermis;
the former constitute a reservoir for the pigmentation of
regenerating feathers. The dermal melanocytes do not participate in feather pigmentation, as shown by the fact that
Silkie Fowl may have either white or pigmented feathers
(Hamilton, 1940: 527). These melanocytes differ from those
in the feathers ". . . in that the type of granule which they
elaborate is different" (White and Eastlick, 1953: 246).
They resemble other melanocytes, however, in their general
size, dendritic shape, and possession of pigment in granules.
They are commonly situated beside blood vessels (fig. 252).
Specialized, unfeathered areas of the integument and its

derivatives contain melanin in the epidermis as well as in
the dermis. In the horny covering of the beak (rhamphotheca), for example, we have found the same situation in
young Common Pigeons as that described by Witschi and
Woods (1936) for the House Sparrow (Passer domesticus).
Large melanocytes are occasionally present in the dermis,
whereas smaller melanocytes are abundant in the epidermis
(fig. 253). The bodies of the epidermal melanocytes reside
in the basal zone of the germinative layer, and their processes
extend into the intermediate zone of that layer. Melanin
granules pass into the epidermal cells where they accumulate
over the nuclei. These masses of pigment become spread out
and flattened as the epidermal cells themselves change shape.
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253.—Deposition of melanin in the rhamphotheca of a 2-day-old Common Pigeon, seen in cross section.
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They persist up to the very surface of the corneous layer.
The scaly skin on the feet and legs (podotheca) is prepredominantly or entirely colored by melanins in most birds.
These pigments are absent or sparsely present in feet that
are white or light yellow, such as those of White Leghorn
fowl. The feet of different breeds of chickens show various
colors, depending on the nature, relative amounts, and location of melanin and carotenoid pigments. These factors
were investigated by Barrows (1914) and summarized by
him in a table that forms the basis for our table 22.
The distribution of melanin in the podotheca is similar to
that in the rhamphotheca except that melanocytes may be
numerous in the dermis. In certain cases, such as black
spotting on a blue background, melanocytes are more
abundant in the dermis than in the epidermis. Those in the
dermis occur in several well-defined localities—in the upper
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portion of the layer among the closely interwoven strands
of collagenic tissue, around blood vessels and masses of fat,
and near nerves. Isolated pigment cells are often scattered at
random through lower levels of the dermis. These last,
however, contribute httle or nothing to the gross color effect
because they he far below the opaque connective tissue
(Barrows, 1914: 242). Presumably, melanocytes migrate
from the dermis into the epidermis in the podotheca as
elsewhere, although we have not seen this reported. Transfer
of melanin granules into epidermal cells begins in the germinative layer. The granules in each cell cluster around the
nucleus and are compressed in the corneous layer as the cells
move toward the surface.
Deposition of melanin in internal organs.—CeW^ from the
neural crest appear to migrate to all regions of the body of an
early embryo. Many of them undoubtedly become located in

22.—Pigmentation of feet in chickens^
Key

0, pigment absent
3^ pigment present in very large amounts
1, pigment present in very small amounts V, pigment may be absent or present in
2, pigment present in moderate amounts
varying but generally small amounts

Epidermis

Corneous layer

Dermis

Germinative layer

Upper region^

Color of feet

Lower region^

Melanin pigment

White
Yellow
Blue
Black
Black spot on
green.
Dusky white
Dusky yellow
Black spot on
white. _
Black spot on
yellow-Black spot on
biue__ _
Blue spot on
white. _ _
Green. _

Carotenoid
pigment

Melanin
pigment
granules^

Carotenoid
pigment

Melanocytes

Carotenoid
pigment^

Melanocytes

Granules*

Carotenoid
pigment^

0
1-3
0
0

0
0
0
2-3

0
1-3
0
0

0
0
0
2-3

0
0
0
0-3

V
V
V
V

0
0
2-3
0-3

V
V
V
V

V
V
V
V

1-4
0
1-3

2-3
1
1

1-3
0
1-3

2-3
1
1

0-3
0-1
0-1

V
V
V

2-3
0-1
V

V
V
V

V
V
V

0

2-3

0

2-3

0-3

V

0-3

V

V

1-3

2-3

1-3

2-3

0-3

V

0-3

V

V

0

2-3

0

2-3

0-2

V

2-3

V

V

0
1-3

0
0

0
1-3

0
0

0
0

V
V

2-3
2-3

V
V

V
V

1 Slightly modified from table by Barrows (1914: 247).
2 An arbitrary division comprising approximately the upper fifth of the dermis.
3 The remaining four-fifths of the dermis (see footnote 2).
* Granules deposited in epidermal cells.
^ Of little or no effect in determining color.

Melanocytes^
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places where, for some reason, they cannot differentiate as
melanoblasts (Rawles, 1960: 218). Melanocytes are reported
to occur in the gonads of many birds, usually asymmetrically,
favoring the left side (Romanoff, 1960: 1033). These cells are
also sometimes found in the mesenteries, at least during
embryonic development. Like the subepidermal melanocytes,
they may occur singly or, more commonly, as a network along
the blood vessels. Also, they typically (as in White Wyandotte
Chickens) do not deposit melanin granules in the surrounding
tissues (Hamilton, 1940: 527). Melanin ". . . has been
observed in the mesenteries, in the peritoneum, in the
subcutaneous tissues of the umbilical area,'^ and in various
integumentary tissues of White Plymouth Rock Chickens
(Prentice and Eastlick, 1953: 618).
Most remarkable, however, and apparently unique is the
abundance of melanocytes throughout the dermis and internal
organs of Silkie Fowl. Kuklenski (1915) reported an intense
blue-black pigmentation of the dermis, subcutaneous tissues,
peritoneal layers, periosteum, and perichondrium. He also
found many melanocytes in close association with blood
vessels, in the meninges, and in the connective tissues around
the visceral organs. In the region of the heart of these birds,
Stiefel (1926) found pigment in the pericardium, the
adventitia of the large vessels, the connective tissue between
the vessels, the anulus fihrosus of the aorta, along the
coronary vessels, and sometimes in the fat deposit, but not in
the myocardium or endocardium.
Carotenoids
Nature and occurrence.—Carotenoids are bright red,
orange, and yellow pigments that are dissolved in fats (and
organic solvents). Owing to this property, they have often
been called lipochromes, but this practice conceals the fact
that they are similar to the carotenoids of plants (Fox and
Vevers, 1960: 65). Birds, like other animals, cannot synthesize these pigments, but obtain them, either directly or
indirectly from plants (Völker, 1934). Here they have been
produced and stored, in crystallike form, in the chromoplasts
of the cells. The most common carotenoid-rich plants used in
poultry feed are yellow corn and various grasses.
Carotenoids are highly unsaturated hydrocarbons and are
classified in tw^o groups according to their composition.
Carotenes are carotenoids that consist solely of carbon and
hydrogen, whereas xanthophylls contain these elements plus
oxygen. Many diverse pigments in both categories are to be
found in the plant and animal kingdoms. Within the class of
birds, however. Weis and Bisbey (1947: 7) showed that
xanthophylls are taken up from the feed to a far greater
extent than are carotenes. These authors demonstrated that
carotenoids have growth-promoting properties in young
chicks, in addition to their coloring properties.
The pigments are absorbed from the food and are carried
in solution by the body fluids to the living cells. Sometimes
they are deposited in their original condition, but more often
they are deposited ''. . , in an altered chemical form,
decomposition products, probably oxidative intermediates''

(Rawles, 1960: 219). These modified pigments have distinct
and sometimes unique properties although they may closely
resemble their precursors or other known carotenoids.
Yellow, as seen in the feathers and tissues of birds, may be
caused by either melanin or carotenoid pigments. When dull
or pale, as in the downy plumage of many ducks and gallinaceous birds, yellow is caused by the presence of phaeomelanins in small amounts. Bright yellow, as in the beak of a
Common Starling and the breeding plumage of a male
American Goldfinch (Carduelis tristis) and many wood
warblers (Family Paruhdae), is caused by carotenoids. Of
these, the most widely distributed in feathers and the
principal pigment in yellow feathers is the xanthophyll,
lutein. It is often transformed into canary xanthophyll,
which in turn occurs in varying degrees among birds, with or
without lutein (Rawles, 1960: 220). The yellow coloring of
egg yolk, skin, and body fat is caused by a combination of
carotenoids, principally lutein, and another xanthophyll,
zeaxanthin. Analyses of the pigments in the yolk have been
pubHshed by Palmer (1915) and Romanoff and Romanoff
(1949: 345)..
All chickens except Silkie Fowl are either yellow skinned or
white skinned, depending on the presence or absence of
carotenoid pigment. The color is basically a genetic trait, the
gene for lack of carotenoid (i.e., white skin) being dominant
over that for its presence (i.e., yellow skin) (Knox, 1935). Diet
affects the color in such breeds as White Leghorns. Hammond and Harshaw (1941) found that certain chickens (e.g.,
Light Sussex) have almost no yellow pigment in the skin or
feet, regardless of their diet. Others (e.g.. White Wyandottes,
Single Comb White Leghorns, and Rhode Island Reds) attain
approximately the same color on any given diet. Hammond
and Harshaw (1941: 444) concluded that the color of the skin
and feet in growing chickens is influenced by the genetic
potentiality of the breed, ''. . . by the quantity of xanthophyll pigment in the diet, and by the quantity of a pigmentation-suppressing factor in the diet." Skin color is important
in raising broiler chickens because some consumers prefer
yellow-skinned birds, whereas others prefer white-skinned
ones. A desirable pigmentation can be achieved in breeds
where it is alterable by adding xanthophyll to the diet to
supplement the pigment in the natural feedstuffs (Michell
etal., 1962).
Yellow carotenoid pigment is present or absent in the skin
on the feet of chickens according to its status in the skin on the
body. Most breeds of chickens having only this pigment in
the skin, have yellow feet. Melanin is also present in the feet
of some breeds, either with or without carotenoid (p. 402).
The principal red carotenoid pigments that have been
identified in feathers are astaxanthin, rhodoxanthin, and
canthaxanthin. They are probably transformation products
of yellow carotenoids such as lutein, zeaxanthin, and betacarotene, and are not taken directly from the food, as
formerly thought (Völker, 1961b: 435). Various combinations
of red and yellow carotenoids have been found in the red,
pink, and orange feathers of different birds. In birds, as in
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many other animals, only one red pigment has been found to
be produced and deposited in a substantial amount, in a given
case, even though others may be present. Findings also
indicate that within the class of birds, canthaxanthin may
occur more commonly than the other known red carotenoids
(Völker, 1961b: 435). Carotenoid pigments in certain tanagers have been shown to be interconverted in individuals
depending on their plumage. Male Scarlet Tanagers (Piranga
olivácea) have principally canthaxanthin in the spring
plumage and isozeaxanthin in the fall (Brush, 1967b).
Astaxanthin in birds has been found not only in feathers
but also in the wattles of pheasants, the cone oil droplets of
the chicken retina, and the egg yolk of a gull {Larus ridibundus), a stork (Ciconia ciconia), and a turaco (Tauraco
corythaix) (Goldsmith, 1965). The large amount of astaxanthin in the turaco egg indicates that the bird is able to form
this pigment by oxidizing other carotenoids.
Rhodoxanthin is unusual in that it shows different colors
when adsorbed on substrates of different acidity or alkalinity.
Blue, violet, and red in the feathers of some fruit pigeons
(especially species of Ptilinopus) all involve this same
pigment. The variations are believed to be due to its property
of color change combined with differences in the keratin on
which it is adsorbed (Völker, 1953).
Red and orange coloring of integumentary structures is
sometimes caused by an inherent pigment, such as astaxanthin in the wattles of the Ring-necked Pheasant. The deep
coral pink or red feet of Common Pigeons are colored by an
unidentified carotenoid pigment (Levi, 1957: 244). The
orange feet of Mallards and White Pekin Ducks are undoubtedly pigmented by a combination of red and yellow
carotenoids. In other cases, the integument lacks pigment and
is actually white, yet appears pink or red because of the
hemoglobin in the blood, carried in abundant capillaries. This
can be seen in the comb, wattles, and ear lobes of chickens,
and the snood and caruncles of turkeys. The pinkish-white
feet that occur in a few breeds of chickens (e.g., White
Minorcas, Light Sussex, and White Dorkings) are also due to
this situation.
In order to determine the nature and site of red pigmentation in an integumentary structure, simply pinch for a
moment the organ in question on a live bird. If a pale spot is
seen when pressure is removed, the pigment is in the blood,
but if color does not change, the pigment is in the integumentary cells themselves.
Deposition,—Carotenoids in body fat, egg yolk, and the
secretion of the oil gland are diffused in Hpoid droplets. In the
skin, feathers, and other integumentary derivatives, these
pigments occur only in those cells where they will reside.
Unlike melanin, there are no special cells where carotenoids
are chemically altered, transported, or stored.
The process of carotenoid deposition in feathers has been
investigated by Desselberger (1930) in certain finches,
weaverbirds, and parrots. He observed that usually the
carotenoids, dissolved in the body fluids, accumulate in lipoid
droplets within the cells of a feather blastema. They become
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concentrated to various degrees according to the color that is
to be achieved in each part of a completed feather. As the
cells start to keratinize, the fat solvent commonly disappears,
and the pigment is left dispersed in the keratin. Within each
ramus, the color diffuses outward from the axis, Sometimes
the carotenoid is deposited in scales and layers as a sort of
residue when the fat is lost. These masses promptly dissolve,
however, with the result that the color is usually diffused
through the fully keratinized cell. Desselberger (1930) found
that in parrots the pigment is not first concentrated in lipoid
droplets but is dissolved directly in the keratinizing cytoplasm of the cells.
Carotenoid pigments in feathers occur in the pennaceous
portion, particularly near the tips of the barbs. Contour
feathers, furthermore, are generally more brightly colored
(i.e., contain more carotenoids) than remiges and rectrices.
These pigments are either Hghtly concentrated or absent from
parts of a feather that will be subjected to much mechanical
stress, whether they are barbules or portions of an entire vane.
Where pigments are heavily concentrated, the ramus or rachis
is frequently swollen, there is no differentiation into cortex
and pith, and the barbules are much reduced or absent.
A conspicuous example of these conditions can be seen in the
red spangles at the tips of the secondary remiges of waxwings,
where astaxanthin is the pigment (Brush and Allen, 1963).
The relationship of carotenoid distribution to feather
structure indicates that either the pigment itself or the
chemistry of the cells where it is deposited inhibits the
differentiation of the feather (Desselberger, 1930), This
hypothesis was supported by the results of Desselberger's
experiments in which he plucked red (carotenoid-rich)
feathers and black (melanin-rich) feathers of the same size
from the same birds; the replacement red feathers grew in
more slowly than the black ones.
Relationships of melanins and carotenoid pigments
Melanins and carotenoid pigments commonly occur in the
same feather or even the same cell. When combined, they
create certain colors that are not achieved otherwise. Their
presence separately—in different parts of a feather or at
different times—provides further evidence of the complexity
of color-regulating mechanisms. We will next discuss some
of these relationships before taking up other causes of color.
Combinations of pigments in feathers,—The exposed portion
of a feather is always more pigmented than the concealed
portion, except in all-white feathers. This can be seen in all
structural types of feathers. Melanins occur in all types of
feathers, whereas carotenoids usually occur only in contour
feathers and the tips of semiplumes. Within the pennaceous
portion of body contour feathers that contain melanin, the
pigment tends to be paler or less heavily deposited along the
margin. This is seen in many of the body contour feathers on
Bronze Turkeys. The portion of the exposed vanes close to the
rachis is frequently more heavily pigmented or is at least
differently pigmented than the rest (Mayaud, 1950: 44).
Carotenoids generally do not occur in the vanes of remiges
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and rectrices where the barbs have special requirements for
maintaining the airfoil for flight. On the other hand, these
pigments are frequently present in the tips of feathers where
these are structurally modified and produce a special visual
effect.
If pigments are present at all in the concealed portion of a
feather, they seem always to be melanins. Feathers with
carotenoids in the exposed portion are either unpigmented or
sparsely pigmented with melanins, w^hich produce a gray
color, in the concealed portion. The afterfeather is gisnerally
pigmented in the same way as the downy portion of the main
vanes.
Melanins can be found in all parts of a barb except the
barbicels. Carotenoids are more restricted than melanins, for
they do not occur in the medulla of the ramus, often do not
occur in the barbules, and indeed are generally absent from
the pennula. They tend to be concentrated in the cortex of the
ramus, particularly in the case of red pigments. The distribution of melanins and carotenoids, when both are present in the
same barb, is highly variable, as Frank (1939) has shown.
We may recall that within the cells, melanins are deposited
as discrete granules (fig. 251) whereas carotenoids seem to
occur as colloidal globules. Both kinds of pigment may be
present in the same cell, for example, particles of red-brown
melanin embedded in keratin tinted by a yellow carotenoid
(fig. 254, F). Melanin granules occur in varying abundance
among cells, but they are uniformly dispersed within each cell
of the rachis, the rami, and sometimes the barbules. They are
commonly either concentrated or absent at the boundaries of
barbule cells, especially in the base. This creates stripes in the
finished barbule that are sometimes the only evidence of the
originally separate cells (figs. 169, p. 246; 255, G).
A few generalizations about the sequence in which melanins
and carotenoids are deposited in the same feather can be
drawn by superimposing the color of the finished feather on
the plan of a growing feather (following the approach of
Lilfie and Juhn, 1932, and Hardesty, 1933). Carotenoids are
deposited only during an early phase, while the pennaceous
portion of a feather is being formed. Melanins, on the other
hand, may be deposited throughout the period when the
rachis and vanes are being formed. Neither kind of pigment is
usually deposited during the final phase, when the calamus is
established; melanin granules are sometimes deposited very
sparsely at this time. The sequence of deposition within a
barb is variable; the pigments can be deposited altei'nately,
simultaneously, or either kind can be laid down before the
other. Both begin to appear in the feather cells whea these
have reached the same stage of development (Strong,
1902: 172). According to Frank (1939: 159), carotenoids are
distributed in barbules in relation to the melanin granules
that are already present. It seems more likely, howev(3r, that
both kinds of pigment are distributed according to the
changing chemistry of the feather cells.
Pigments can be combined with each other or with optical
phenomena to produce effects in feathers that have been
described in detail by Frank (1939). Olive green, for e?:ample,

as seen in the Greenfinch (Carduelis chloris) and the Great
Tit (Parus major), is caused by the juxtaposition of tiny spots
of black and yellow pigment. Melanin is present in the tips
of the barbules, and a yellow xanthophyll is present in the
bases of the barbules and in the rami. The green in feathers
of some fruit pigeons results from the opposite situation;
yellow carotenoid is present in the tips of the barbules, and
melanin is present in their bases (Frank, 1939: 463).
Combinations of pigments and structural colors are discussed
on pages 403 to 412.
Comhinations of pigments in beak and feet.—The beak and
the feet also provide examples of the combined effects of
pigments. The rhamphotheca of a Mallard appears green
because droplets of a yellow carotenoid are interspersed with
melanocytes (Fox and Vevers, 1960: 174). In the feet of
domestic fowl, all colors except pinkish white are produced by
an orange-yellow carotenoid or reddish or dark-brown
melanin, or a combination of carotenoid and melanin in
various amounts. These conditions were analyzed by
Barrows (1914) and summarized by him (op. cit., p. 248) as
follows :
1. Yellow and variations are due to the presence of lipochrome
[carotenoid] pigment in the epidermis, with the absence of melanin
pigment.
2. White results from the lack of pigment.
3. Blue color appears when melanin pigment lies in the upper
dermis, with the absence of this type of pigment in the epidermis.
4. Black and variations depend upon the presence of melanin
pigment in the epidermis.
5. Green appears when lipochrome [carotenoid] pigment lies
in the epidermis, and melanin pigment in the corium [dermis] only.

These findings are shown in more detail in table 22, which is
slightly modified from a table given by Barrows.
A large amount of carotenoid combined with locaUzed
amounts of reddish-brown melanin in the epidermis produces
rich yellow tinged with reddish horn, as seen, for example, on
the feet of Rhode Island Reds and New Hampshires. If, at the
other extreme, there are heavy deposits of melanin, the feet
are black and the carotenoid pigment, if any, is obscured. The
presence or absence of carotenoid in black-footed chickens can
be determined by examining the creases on the bottom of the
toes. These show yellow in Black Jersey Giants but white in
Black Langshans.
Melanie pigmentation in the feet of chickens is determined
by several genes, independently of that responsible for
carotenoid pigmentation. Two of the genes are sex-linked, and
most of them affect the extent of melanin in the feathers as
well (Knox, 1935). The effects of certain genes are confined to
the epidermis or the dermis, whereas those of another gene
vary among breeds (Sturkie et al., 1937).
Porphyrins and other unusual pigments
Porphyrins are pigments that differ in several respects
from the carotenoids, with which they have sometimes been
placed. Porphyrins characteristically show an intense red
fluorescence under ultraviolet light. The porphyrin molecule
"... consists essentially of four pyrrole rings united by
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methene bridges into a super-ring" (Fox and Vevers,
1960: 109).
Porphyrins have been found in red or brown feathers of
birds in 13 orders, including pigeons and gaUinaceous birds,
Coproporphyrin I is present in developing chick embryos, its
amount increasing with the increase of hemoglobin (type III
porphyrin) (Sch0nheyder, 1938). Porphyrins are most
abundant in owls and bustards, where the principal one is
coproporphyrin III (Völker, 1939). Analysis by means of
paper chromatography has also revealed traces of 3- and
2-carboxyl porphyrins in down feathers of these birds (With,
1967). Coproporphyrin III usually occurs in feathers that are
hidden on the body. This may be related to the fact that
ultraviolet light reduces the fluorescence of porphyrins and
presumably causes a chemical alteration of some of the
chromatophores on the molecule.
A porphyrin unique among animals is responsible for the
rich red of the remiges and head feathers of certain turacos
(species of Tauraco and Musophaga). The pigment is a copper
compound of uroporphyrin III, and is known as turacin; its
chemistry has recently been studied by Keilin and McCosker
(1961). Turacin is not washed out of the feathers of the hving
birds by rain, as long believed, but it is soluble in a weak
solution of ammonium hydroxide.
Porphyrins also occur in the eggs of many birds, including
domestic fowl, but they differ from those in the feathers. The
nature and deposition of these oöporphyrins in the cuticle,
shell, and membranes have been reviewed by Romanoff and
Romanoff (1949: 226, 347).
Green pigments are responsible for a few instances of this
color, which is frequently seen in feathers. In the great
majority of cases, shades of green are achieved by the
juxtaposition yellow and black (or dark-brown) pigments in
tiny spots, by structural conditions, or by a combination of
structural colors and yellow pigment. Green pigments have
been found in the following birds, as reported by Auber
(1957a) :
pygmy geese (Nettapus spp.)
eider ducks {Somaterias>])p.)
Blood Pheasant (Ithaginis cruentus)
Boulroul (a pheasant, Rollulus roulroul)
certain turacos {Tauraco spp.)
American Jaçana {Jácana spinosa)

head feathers.
do.
body feathers.
do.
do.
remiges.

The most familiar of green pigments is that which occurs
in turaco feathers, known as turacoverdin. It is classed as a
porphyrin, but its chemical relationship to turacin is not well
understood. The green color in eider feathers is thought, from
preliminary studies by Brush^ to be probably due to a yellow
xanthophyll conjugated to another molecule that may or may
not be a protein. The green pigments in the remaining birds
have been regarded as carotenoids, but those in the Roulroul
and the Blood Pheasant (green pigment of the latter is
phasianoverdin) have been found not to have the characteristics of carotenoids (Völker, 1961a; Schmidt, 1961).

7 Brush, A. H. Written communication.

1966.
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Structural Colors
Structural colors are caused by structural or physical
properties of a surface that are capable of modifying or
separating the components of white light (Rawles, 1960: 213).
They are of two kinds—iridescent colors, that change with
the angle at which they are viewed, and noniridescent colors,
that do not change. The optical principles underlying these
effects have been explained by Schmidt (1949: 6). The
occurrence of structural colors in feathers and modified
integument has been surveyed throughout the class of birds
by Auber (1957a).
Noniridescent colors
Feathers.—Shades of blue, green, and purple are commonly
seen in contour feathers, though they are confined to the
exposed pennaceous portion. When noniridescent, these colors
are produced in a very few cases directly by pigments. We
have mentioned, above, a few birds with green feather
pigments. Görnitz and Rensch (1924: 116) listed those with
blue and violet pigments. In the great majority of cases
noniridescent blue is caused by structural configurations.
Noniridescent green and purple are generally caused by
pigmentary modifications of the blue-producing structure.
Noniridescent blue is due to ^^ . . the scattering of the
shorter waves in white light by very small particles'' (Fox and
Vevers, 1960: 12). Light of longer wavelengths is backscattered by the nonilluminated surfaces of the particles.
This phenomenon is known as Tyndall scattering, in reference
to the scientist who discovered it to be the basis for the blue
of the sky. The medium in which the particles are dispersed,
in this case keratin, has a cloudy appearance. Behind it is
usually a different medium that absorbs the back-scattered
fight and thereby enhances the blue reflection. In feathers
this background is almost always melanin.
The color is usually produced by modified rami, though in
blue fruit pigeons (Aledroenas spp.) and crowned pigeons
(Goura spp.) it is produced in the barbules. The cortex of a
blue ramus is unpigmented and generally thin; it is sometimes
referred to as the cuticle. Beneath it are large, polygonal cells
that contain many gas-filled vacuoles, smaller in diameter
than a wavelength of ordinary light. Frank (1939: 477)
demonstrated that this suspension of tiny vacuoles in keratin
acts as a cloudy medium that gives a blue or violet reflection
by Tyndall scattering. Typical meduUary or cortical cells
fig. 254, D, E, and F) are situated beside or beneath the
porous cells, often forming the core of a ramus. The medullary cells can be of either the thick-walled, coarsely vacuolar
type (fig. 254, A and B) or the thin-walled type (fig. 254, C).
Melanin is almost always present in the porous cells or those
adjoining them, if not in both places. It absorbs the light of
longer wavelengths, and thereby provides a dark backgroxmd
for the blue reflection.
The porous cells were discovered as the source of blue in
feathers by Fatio (1866).They were investigated by several
workers but their role in causing a Tyndall effect was not
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Homogenous cloudy cell

Compact, unpigmented, cortex
Homogenous cloudy cell

Red-brown melanin

Dark melanin
Medulla

I
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Light green

Air spaces in medulla
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carotenoid pigment
in cortex
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Light blue

Violet

Yellow carotenoid pigment
in layers of cortex

Yellow carotenoid pigment in enlarged cortex
(cortical prism)

Red-brown melanin

Hollow cloudy eel
Dark melanin —

Hollow cloudy ce
Green
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254.—Rami that are colored entirely or partly by Tyndall scattering in cloudy cells. These cells are shown in blue
because they are the source of this color in whole feathers, although they do not actually appear blue in cross section, i.e.,
without a background of melanin. In cases B, C, E, and F, the Tyndall effect is altered by pigments elsewhere in the ramus.
The color of the ramus as it is ordinarily viewed is given beneath each subfigure.

FIGURE

A and B, Green Magpie {Cissa chinensis), head feathers.
C, Vvilturinc Guineafowl [Acryllium vullurinum), outer vane of remex.
JD, Red-rumped Paradise Tanager {Tangara chilensis), abdominal
feather.

established until Frank (1939) examined them with an
electron microscope. He showed that the microscopic vacuoles
were spheroidal rather than canalicular, as had been postulated by Kniesche (1914). Frank found that the vacuoles
varied in diameter, but it remained for Auber (1957b: 456) to
point out that those in Tyndall-colored feathers were simply
extremely small versions of those found in the medullae of
feathers without this sort of color. Auber confirmed that the
porous reflecting cells were modified medullary cells, as had
been suggested by Haecker and Meyer (1901: 271) and
Strong (1902: 159). Rawles (1960: 222) regarded them as
modified cortical cells but gave no evidence for her view.
These special cells were named "Kästchenzellen" (alveolar
cells) by Haecker and Meyer (1901: 273), a term that was
subsequently used by Kniesche (1914) and Frank (1939).
Since this term can also be applied, however, to typical
medullary cells with coarse vacuoles, we will refer to them as
cloudy cells, following Auber (1957b: 458). They are
sometimes referred to collectively (and with their melanin
background) as a Tyndall apparatus.
Cloudy cells differ from typical medullary cells in their
boundaries and optical effects as well as in the smallness of
their vacuoles. Their boundaries are distinct and show a
convex outline against the cortex. No boundaries can be seen
in a typical medulla because the walls of adjacent cells are
completely fused together.
When dry and viewed by incident white light, cloudy cells

E, Gouldian Finch {Poephila gouldiae), dorsal feather.
F, Masked Tanager (Tangara nigrocincla), head feather.
(Redrawn after Frank, 1939.)

reflect blue or violet, whereas typical medullary cells reflect
white. Both kinds of cells become transparent when impregnated with a liquid, particularly if it has the same index
of refraction as keratin (approximately 1.54). Substances that
have been found to work very well in this way include
Canada balsam, synthetic mounting media, cresol, xylene,
benzene, and oil of cedar wood (immersion oil) (Haecker and
Meyer, 1901; Mason, 1923; Frank, 1939; our own experiments). A feather with Tyndall coloring will actually appear
brown under these conditions because the background of
melanin now shows through. When dry and lighted from
behind, cloudy cells transmit complementary yellow or
orange light, whereas typical medullary cells are the color
of the light source.
The vacuoles in cloudy cells in a blue wing covert of a pitta
(Pitta maxima) range from 0.1 to 0.25 ß in diameter, and are
separated by walls that are mostly only 0.01 to 0.15 n thick.
They range from 0.1 to 1.0 M in diameter in a tanager (Tangara
mexicana) (Frank, 1939: 488), and from 0.3 to 0.6 M in
diameter with walls O.l to 0.2 ^ thick in a Budgerigar
(Melopsittacus undulatus) (Steiner, 1957). The upper Hmit of
the wavelength for blue light is 4912 Angstrom units
( = 0.4912 ß). Vacuoles up to this size in diameter reflect only
shorter wave lengths and thus appear blue. Vacuoles of larger
size contribute to the blue effect, but this is not apparent
because they also reflect light of longer wave lengths.
The submicroscopic fine structure of a feather cell is
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thought to arise directly by cornification of the colloidal
mixture of keratin precursors in the cell as it grows (Steiner,
1957). With respect to the spheroidal vacuoles, their size and
abundance may depend on the rate at which the smallest ones
coalesce into larger units. "This rate is the higher, (a) the
lower the viscosity of the cytoplasmic matrix, (b) the greater
the interfacial tension of the vacuolar fluid, or (c) the greater
the relative fluid content of the colloid. Additional factors
may be arrangement, numbers, or diameter of the fibrillae
[tonofibrils]" (Auber, 1957b: 459). In cloudy cells, these
factors apparently cause a very slow rate of coalescence
among the microvacuoles before keratinization. Auber suggested further that the cell walls themselves are not fused
because they are not subjected to the higher centrifugal
pressure exerted by the larger vacuoles in typical medullary
cells.
A large vacuole is present amidst the small vacuoles in the
cloudy cells of many birds, just as in coarsely vacuolar typical
medullary cells. It is the space formerly occupied by the
nucleus, and is situated either in the center of the cell or near
one side. This cavity is always enclosed although its floor
cannot be seen in cells where it is permeated with melanin
(Auber, 1957b: 459; cf. Frank, 1939: 492). We designate
cloudy cells that contain a nuclear vacuole as ''hollow" (fig.
254, D, E, and F), and those that do not contain it as
"homogeneous" (synonymous with Frank's term "massiv";
fig. 254, A, B, and C).
The two forms of cloudy cells occur in Tyndall-colored
feathers of the following families of birds (based on Frank,
1939, and Auber, 1957b) :
Homogeneous cloudy cells—guineafowl, parrots, kingfishers
(uncommonly), motmots, bee-eaters, rollers, toucans, broadbills, pittas (rarely), jays, titmice, thrushes, weaverbirds, and
tanagers (uncommonly).
Hollow cloudy cells—galhnules, parrots, kingfishers (predominantly), todies, barbets, cotingas, manakins, pittas
(predominantly), leaf birds, thrushes. Old World flycatchers,
weaverbirds, tanagers (commonly), and finches.
Melanin is almost always associated with cloudy cells
because it (or very rarely a carotenoid pigment) is essential
for creating a Tyndall effect in feathers. The color, quantity,
and distribution of the pigment affect the shade or even the
hue that is seen. Most commonly the melanin is black or dark
brown, but it is red brown in violet feathers of several birds
(Frank, 1939: pi. VII). The pigment varies in abundance
from separate clumps (fig. 254, C) to a thick, continuous layer
(fig. 254, A, B, D, E, and F). Light-absorbing melanin is
arranged in various ways in the exposed portions of Tyndallcolored barbs in feathers of different birds (described and
classified by Auber, 1957b: 462). It may be present in the
medulla, or the cortex of a ramus, or in the barbules. Medullary pigment can occur either in separate cloudy and
melanized cells or in discrete portions of the same cells
("two-media cells" of Auber and Mason, 1955). The latter
arrangement is the more common; both can occur together
(fig. 254, A, Bj and C). Cortical pigment can be situated at
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the bottom of a ramus (fig. 254, E), at the sides of a ramus,
or in a partition between the upper and lower layers of cloudy
cells (fig. 254, D and F). Light-absorbing melanin that is
confined to the barbules or to typical medulla does not
contribute to a Tyndall color.
Noniridescent green, purple, and violet are produced by
various modifications of the basic Tyndall apparatus. Many
shades of green are achieved by combinations of cloudy cells
with yellow carotenoid pigments in the cortex outside or above
them (Kniesche, 1914). A simple case is illustrated in figure
254, B, a portion of a ramus from a feather of the same species
as in figure 254, A. According to Fox and Vevers (I960:
15), the carotenoid pigment
. . . filters much of the shortest-wave radiation out of incident
white light. The minute air spaces in the box cells then scatter
what remains of the short waves, principally those giving the sensation of green, and although less of this longer-wave light is
scattered than of the Hght penetrating into a blue feather . . . ,
yet our eyes are relatively more sensitive to green which therefore
appears as a bright colour.

Rami that are green on a Tyndall basis usually have a thicker
cortex above the cloudy cells than those that are blue. The
cortex is sometimes laterally compressed (fig. 254, E), the
resultant form being known as a cortical prism (Auber and
Appleyard, 1955: 256). This modification intensifies the
reflection and may create a glittering effect. In the development of such rami, we do not know what sort of influence the
carotenoid pigment and the massive cortex may exert on
each other.
Noniridescent structural purple and violet can be achieved
in three main ways, as they have been classified by Auber
(1957b: 460):
1. Modification of the cloudy cells: Frank (1939) and
Auber have presented contradictory evidence that purple
may be caused by cloudy cells in which the microvacuoles are
larger or smaller than those responsible for Tyndall blue.
Extra-small reflecting cavities are to be expected on the basis
of theory,
2. Melanin granules are brown instead of black: Some of
the light of long wavelengths is reflected with the Tyndall
blue instead of being absorbed. An example of this common
condition is shown in figure 254, C.
3. Collaboration of Tyndall blue with a red or orange
carotenoid pigment : Three arrangements have been found.
A. The pigment may be diffused in the cortex above the
cloudy cells, where it acts as a filter (Görnitz and Rensch,
1924: 114; Frank, 1939: 507). This is less common than
^'filter" green, having been found only in certain parrots and
pittas. Fox and Vevers (1960: 17) claimed that this arrangement cannot create purple because the red filter would
prevent light of shorter wavelengths from penetrating and
being scattered. Auber (in a paper presented at the 14th
International Ornithological Congress, Oxford, 1966) reafliirmed his earher statement (1957b: 460) and that by
Frank.
B. The rami are Tyndall blue and the barbules are
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carotenoid red. The colors in close apposition are seen as
purple, in the same way that dark melanin rami and yellow
carotenoid barbules are seen as dull green. This arrangement
occurs in some parrots.
C. Carotenoid pigment may be present in place of
melanin as a light-absorbing medium beneath the cloudy cells.
Its effect is the same as that of a red-brown melanin. This
arrangement has been found in a bee-eater {Nyctyornis
amida) and certain bowerbirds (Chlamydera spp.) (Auber,
1957a, b).
The bronze feathers on the head of a Masked Tanager
(Tangara nigrodncta) are a good example of the complex
combinations of structure and pigments that produce certain
color effects. The rami in the bronze area are cyhndrical,
though shghtly wider than high. The upper half of each ramus
is composed of cortex, formed by many layers of flattened
cells (fig. 254, F). Yellow carotenoid pigment is diffused
throughout this material, and flat clumps of reddish-brown
melanin granules are deposited in the deeper cells. The ventral
half of a ramus consists of hollow cloudy cells, partitioned by
heavily melanized cortex into a thick layer above and a
slender strand below. Enclosing all of this is a very thin,
colorless layer of cortex (Frank, 1939: 504; cf. Auber,
1957b: 477).
Modified integument—Th^ integument of the bill, the feet,
and the head appears blue in many birds. The shades vary
from hght blue and cobalt to slate blue, dark blue, and violet.
Examples can be seen in several domestic birds as well as their
relatives in nature. Common Guineafowl {Numida meleagris)
and male Bronze Turkeys show extensive areas of bare skin in
shades of blue on the head and neck. The scaly skin of the feet
is slate blue or leaden blue in several breeds of chickens,
including Langshans, Blue Andalusian; Redcap, Blue
Orpington, Bearded Pohsh, Hamburgs, and Campines. These
are described in the ^'American Standard of Perfection"
(American Poultry Association, 1938-40).
The following species of wild birds are examples of those
that show blue integument :
Species
Argus Pheasant (Argusianus argus)
Blue-footed Booby (Sula nehouxii)

Type of blue I
Blue skin on the head and neck in
males.
Bright turquoise cobalt legs and
feet.
Bright-blue guiar pouch in breeding season.
Bright-blue cere.

Brandt's Cormorant (Phalacrocorax penicillatus)
Budgerigar {Melopsiitacus
undulatus)
Little Blue Heron (Florida
caerulea)

Cobalt ultramarine bill
breeding season.

Ocellated Turkey (Agriocharis
ocellata)

Bright-blue skin on the head and
neck.

Reddish Egret (Dichromanassa

Cobalt legs and feet.

Roadrunner (Geococcyx californianus)

Small areas of blue skin around
the eyes.

Ruddy Duck (Oxyura jamaicensis)
Vulturine Guineafowl (Acryllium
vulturinum)

Light-blue bill.
Grayish-blue skin on the head
and neck.

during

Willet (Catoptrophorus semipalmatus)

Bluish-gray legs and feet,

The blue in all these birds is probably caused by Tyndall
scattering. The turbid medium is aqueous rather than gaseous
as in the cloudy cells of the rami. ^The blue-scattering
particles are the biocolloids of mixed constituency (proteins,
lipoids, etc.) which are present in the fluids of the living
[epidermal] cells'' (Rawles, 1960: 223), They are not melanin
granules because these are too large to scatter the light as
required. Melanocytes are present, however, in the dermis
beneath the reflecting cells; they enhance the blue by
absorbing light that is not reflected by the minute particles.
The intensity of blue depends directly on the number and
location of these cells in the background (Barrows, 1914: 245).
In bluish feet of chickens, for instance, melanocytes range
from moderately numerous to very numerous in the upper
region of the dermis (table 23). The shade of the color may
depend on the shape of the reflecting ceUs and the size and
abundance of their particles. Melanin and carotenoid pigments in these cells or the thin overlying corneous layer are
involved in some cases. Shades of purple are created if
melanocytes in the dermis are few; this condition weakens the
blue reflection and at the same time allows the red of the
hemoglobin in the blood to show through. Dark purple, as
seen in the wattles of a Silkie, results from the presence of
numerous melanocytes deep in the dermis, enhancing the blue
reflection and masking the red of the hemoglobin. Gradations
from red to blue, depending on the melanocytes, can be seen
in the snood and caruncles of turkeys.
Iridescent colors
Iridescence '^ . . is the phenomenon of glittering with
different colours that change according to the angle from
which the object is seen'' (Fox and Vevers, 1960: 5). It is
common in contour feathers, but we do not know of any birds
where it is seen in modified integument. Iridescence can be
caused by either diffraction or interference, but only the
latter occurs in feathers. According to Fox and Vevers,
interference takes place when
. . . white hght is reflected from both outer and inner surfaces
of . . . [a] film, that reflected from the inner surface travelling
further. If the distance between the surfaces is such that the optical
retardation is an odd number of half wavelengths, part of the spectrum is reduced or cancelled out and we see the sum of the remainder. Since the distance between the surfaces varies in different parts
of the film, . . . there results a play of colours. The colours also
vary with the angle from which the object is viewed, since a change
of angle alters the path difference between the interfering ravs of
light.

General morphology of iridescent 6a?'&w^6S.—Iridescent colors

are produced in the barbules, in contrast to noniridescent
colors, which are produced chiefly in the rami. Five categories
of modifications in iridescent barbules have been recognized
(Dorst, 1951: 236), and it is ükely that more will be found. In
each category, the modified part of the barbule is the sole or
chief source of the iridescent effect. These categories are
as follows:
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1. Modifications of the basal lamella.
A. The internal or ventral portion of the base is
extended as a shelf. In cross section the base resembles a
slightly inverted J. This type of modification is found in
distal and proximal barbules of green dorsal feathers on many
hummingbirds and the Emerald Cuckoo {Chrysococcyx
cupreus).
B. The external or dorsal portion of the base is
recurved over the ventral portion. In cross section the base
resembles a C. This type of modification is found in distal
and próxima] barbules of wood-hoopoes (PhoenicuHdae) and
jacamars (Galbulidae).
2. Modification of the dorsal ñange. The dorsal ñange is
expanded as a shelfhke process, known as the superior
lamella, that projects about the basal lamella. In cross section
the base resembles a V on its side. This type of modification is
found in distal and proximal barbules of hummingbirds.
3. Modification of the dorsal flange and the proximal part
of the pennulum. The dorsal flange and the proximal part
of the pennulum form a continuous narrow strip, flattened
above; the basal lamella is greatly reduced. This type of
modification is found in distal barbules of trogons
(Trogonidae).
4. Modification of the pennulum. Modification of the
pennulum is similar to category 3 except that the dorsal flange
is unmodified and the entire pennulum is enlarged. As
characterized from feathers of sunbirds (Nectariniidae) and
starlings (Sturnidae, particularly Lamprotornis spp.), the
base is very small. This type of modification is the closest to
that seen in turkeys and ducks, but in these birds the base
of the barbule is only moderately reduced. Additional features
of these barbules are discussed below.
5. Modification of the entire barbule. The barbule is a
long, narrow strip of simple, flattened square cells without
any differentiation into base and pennulum. Distal and
proximal barbules are nearly identical. This type of modification is known only in the peacock (Pavo spp.). For details see
Dürrer (1965: 323).
Iridescent barbules of a Bronze Turkey.—A good example
of iridescent barbules can be seen in the pennaceous portion
of body contour feathers on a male Bronze Turkey. The color
of a feather on the humeral tract was described in chapter 6,
page 322, and is shown in figure 255, A. Zones of varying
opacity are revealed when the feather is lighted from behind
(fig. 255, B); they occur at approximately the same levels
as the colored bands, for they are caused by the same modified barbules. The structural pattern that they create is
simpler yet more conspicuous in Beltsville White Turkeys
(fig. 215, p. 321) than in Bronze Turkeys.
The lowermost one- to two-thirds of the pennaceous
portion of the vanes are dull brown and moderately translucent; the barbules here are normal in shape (fig. 255, C
and F). Granules of dark-brown melanin are numerous
throughout the barbs, not only in the barbules but also in
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layers in the cortex and scattered through the medulla of each
ramus (fig. 251).
The brown area grades upward into an iridescent band that
appears purplish, greenish, or bronze, according to the
location of the feather and the angle at which it is viewed.
This band is more opaque than the noniridescent area (fig.
255, D). The distal barbules are actually responsible for
iridescence and are more strongly modified than the proximal
barbules. Their effect is enhanced, nevertheless, by the dark
background of the proximal barbules. The chief morphological
modifications of the iridescent distal barbules are that their
pennula become broadened, flattened, and twisted so that
they lie in the plane of the vane (fig. 255, G). Distal barbules
of one barb extend to the proximal ends of the pennula on the
next higher barb. Only the last few cells of a pennulum are
reduced in width, and the tip is truncate. The pennula of
adjacent barbules overlap each other slightly, usually the
outer edge of one is above the inner edge of its neighbor. The
result is that the vane presents a very smooth surface, which
has been likened to a closed Venetian blind (Rawles, 1960:
224). It is iridescent in reflected light, yet nearly opaque to
transmitted light.
Other modifications of iridescent barbules either contribute
to the color effect or are consequences of the color-producing
features. The overall length of the distal barbules does not
change markedly, but the base becomes shorter and the
pennulum longer (compare fig. 255, F and G), Hooklets
become smaller and fewer and cilia are lost. All of these
changes in the pennulum affect first the proximal cells and
then, in higher barbs, progressively more distal cells. Proximal
barbules in the iridescent zone of a feather are Httle modified
from the normal form, as found in the dull-brown zone. Their
pennulum is shorter and more melanin is present throughout.
Barbs in the iridescent zone contain such a large amount
of melanin that separate granules can no longer be made out.
The pigment is deposited throughout each barbule except at
the ends of the cells, giving the pennulum a segmented
appearance and showing that its cells are square (fig. 255, G).
The ultrastructure of the pennulum that is actually responsible for causing iridescence has not been studied in turkey
feathers, as far as we know. It is probably similar to one of the
situations already mentioned for other birds.
Similar morphological and pigmentary modifications to
these have been found in the ornamental secondary remiges
of the male Mandarin Duck (Aix galericulata) (Brinckmann,
1958). Unlike the turkey, the hooklets in this duck are not
reduced but, in fact, lengthened, as Mason (1923) found in
other cases. Brinckmann suggested that the barbules must be
held close together in order to enhance the iridescent effect.
In the turkej^ feather, the iridescent zone of the vane passes
sharply into a velvety black band at a distance of up to 4 mm.
from the tip (fig. 255, E). Paradoxically, this band is less
opaque than the iridescent part. Within a short span on each
barb, the pennula of the distal barbules become narrower and
less heavily pigmented, though not as pale as those in the
brown area of the vane (fig. 255, H). Cilia reappear in the
form of tiny prongs at the distal corners of the cells. Proximal
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Matte black

FIGURE

255.—Colored barbules in the pennaceous part of a humeral feather from a Bronze Turkey.

A, zones of color on the vanes as seen by reflected light.
The letters on drawing A indicate the locations of drawings C to £■ athigher magnification.
B, zones of translucenoy on the vanes as seen by transmitted light.
C, dorsal view of brown barbules.

D, oblique dorsal view of iridescent distal barbules.
E, dorsal view of black barbules.
F, brown distal barbule, normal structure.
G, iridescent distal barbule, modified structure.
H, black distal barbule, modified structure.
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barbules also become shorter, narrower, and less heavily
pigmented. The principal change, however, is in the fine
structure of the pennulum where iridescence has been
quenched.
Feathers on the pelvic and humeral tracts sometimes show^
a narrow white band with open pennaceous texture at the
very tip. The combination of color and texture contrasts
sharply with the black band below. The texture results from
the presence of reduced barbules, whereas the color results
from the absence of pigment. It is very possible that the
white band is formed on many feathers, but is w^orn off,
owing to the weakness of the barbs.
Fine structure of an iridescent harhule.—It has long been
recognized that the iridescent colors of feathers appear to be
caused by interference of reflections from a stack of thin
films (e.g., Strong, 1903; Mason, 1923). Elsässer (1925)
determined that iridescence is always associated with
melanin, and that the pigment is deposited in layers parallel
to the upper surface of a barbule or one of its parts. Only
within recent years, however, has it been possible—with
electron microscopy—to learn the fine structure of these
layers. This knowledge has led to a more certain understanding of the optical phenomena than heretofore. We will now
summarize these details as they have been found in several
species of wild birds, for there seems to be no such information
for any domestic birds. Possibly one or more of these situations will be found in the iridescent feathers of chickens,
turkeys, and pigeons.
In his study of iridescence in hummingbirds, Dorst (1951)
described those features of the barbules that could be seen
with a fight microscope. A complete explanation of the optical
effect was not forthcoming, however, until Greenewalt et al.
(1960) examined barbules with an electron microscope. In
their pioneer study these workers found 7 to 15 closely stacked
layers of melanin granules in the outer keratin of the expanded dorsal flange. Each granule is shaped fike an elliptical
pancake and is about 2.5 ß long, 1 /x wide, and 0.15 n thick.
The significant discovery was that each granule is largely
occupied by gas-filled ''air" vacuoles in a single layer. These
give the granules a foamy appearance w^hen viewed from
above, under high magnification. Iridescence is thus caused
by the interference of fight reflected from the upper and
lower surfaces of the vacuoles. This explains Schmidt^s (1949)
observation that even individual granules of pigment in these
feathers are iridescent. The colors vary according to the
thickness of the granules and the size of their vacuoles. They
are enhanced by the brilliance of high reflectance due to the
stacking of granules in several layers.
Sunbirds resemble hummingbirds, but they are not closely
related, and they achieve iridescence in a different way. Sofid
granules of melanin are set close together in layers near the
surface of the pennula of distal barbules (Dürrer and VilUger,
1962). Iridescence results from the interference of reflections
from the interfaces betw^een the keratin and the melanin
layers. Patterns and colors vary according to the exact
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placement of the pigment granules, as well as the thickness
of the keratin and the melanin layers.
The two gallinaceous birds that have been investigated so
far have proved to have different means for causing iridescence. The melanin granules in the iridescent barbules of the
Impeyan Pheasant (Lophophorus impejanus) contain air
vacuoles (Schmidt and Ruska, 1962), whereas those in the
Blue Peacock (Pavo cristatus) are long solid cylinders. The
latter are arranged in four to eleven layers exactly above each
other, with remarkably regular spacing within and between
layers. Air vacuoles occupy most of the keratin matrix
around the granules. The keratin, the pigment granules, and
the vacuoles form a three-dimensional lattice just below the
surface of a pennulum (Dürrer, 1962). Light is reflected at the
interfaces between melanin and keratin and is subjected to
interference. The colors depend on the angles at which light
enters and is reflected from the lattice. They are relatively
constant because the angles are closely limited.
So far, four different conditions for causing iridescence have
been found in trogon feathers (Dürrer and Vilfiger, 1966).
The melanin granules all contain air and are arranged in
layers but differ among genera in their size, shape, and
spacing.
Iridescence in duck feathers emanates from modified
pennula of distal barbules, similar to those of the turkey.
Melanin granules are closely packed together in as many as
seven layers in the outer keratin (Rutschke, 1966b). There
seems to be a causal relationship between the number of
layers and the iridescent colors, but probably other factors
affect the origin of different colors. One unusual feature is that
no air spaces are between or within the melanin granules.
Also unique, so far as is known, is the fact that the granules
are six-sided prisms, hexagonal in cross section. The granules
appear to be composed of numerous microgranules, themselves arranged in layers.
These systems for creating iridescent colors are outstanding
in their very high precision as well as their complexity. The
dimensions of the tubular melanin granules in trogon feathers
are uniform in some places to an accuracy of less than O.Olju
(Dürrer and Villiger, 1966: 18). Colors and patterns result
from small variations in the refractive indices of keratin and
melanin, the shape and measurements of the pigment
granules, and the spacing within and between layers of
granules. Portmann (1963: 120) pointed out that these
factors are subject to closely controlled variation in every
part of every iridescent feather on a bird. As if that were not
enough, they are repeated with the same precision year after
year in subsequent plumages. The study of feathers poses no
greater challenge than that of working out the genetic
mechanism by which these details are perpetuated.
Relationships of structural colors
Structural colors and feather structure.—Barbs that are
structurally colored show certain characteristics because
specific conditions must exist in order for the optical effects
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to be created. For Tyndall scattering these characteristics
include a widened ramus and a layer or strand of microvacuolar medullary cells. Frequently, the dorsal and lateral
surfaces of the ramus are rounded, and the barbules, if
melanized, are reduced. These last features are not essential,
but they enlarge the Tyndall-colored surface or make it more
conspicuous. For iridescence, the characteristic features are
in the barbules, and include various modifications to create an
enlarged, more or less horizontal surface, and a layered
arrangement of melanin granules in the superficial keratin
that causes interference of light.
Several of the modifications that produce structural colors
are contrary to those that give a vane greatest resistance to
mechanical stress. These colors therefore cover limited areas
in flight feathers; iridescence is never as brilhant on these
feathers as on body contour feathers. Auber and Mason
(1955) have shown relationships between the structural colors
in flight feathers and the mechanical stresses imposed by
flight, the physical properties of melanin and certain parts
of the ramus, and certain optical factors. Remiges usually
show structural colors on the upper surface only, if at all. The
under surface of such vanes is dull and dark owing to the
presence of melanin. This can be seen in the iridescent patches
on the outer vanes of the secondary remiges of many ducks.
Structural colors and pigments.—Structural colors are
produced almost always with the aid of melanins and
commonly with carotenoids. Tyndall-colored rami and
integument have a layer of melanin beneath the turbid cells
that absorbs the back-scattered light. Iridescent barbules
contain one to several layers of melanin granules in the
superficial keratin that provide the reflecting surfaces for
interference effects. Randomly arranged granules in the
deeper keratin act as a light-absorbent background. Melanin
particles in Tyndall-colored feathers and integument are often
the same as ordinary ones. However, where melanin granules
are located inside the cloudy cells, i.e., '^two-media'' cells,
they are commonly larger than those in the barbules, cortex,
or typical medullary cells of the same feather or bird (Auber,
1957b: 463). Those granules that contribute directly to the
production of iridescent colors are modified in shape and
structure, sometimes being vacuolar.
Carotenoid pigments aid in the production of noniridescent
structural colors other than blue by filtering incident and
reflected fight. They are dissolved in the cortex outside the
box cells in a ramus (fig. 254, B, E, and F) or in the corneous
layer outside the light-scattering cells in integument. As far
as we know, carotenoids are not involved in any iridescent
feathers. All the shades of red, green, and violet seen in such
feathers are achieved by interference effects without any
filtration.
Iridescent and noniridescent structural colors.—Several
generaUzations about the relationships of iridescent and
noniridescent structural colors have been drawn by Auber
(1957a: 473) from his survey of their distribution in birds.
The tw^o types do not usually occur together in the same
individual, even in feathers of different tracts. A rare

exception is the Blue Coua (Coua caerulea), which has a
Tyndall blue over much of the body and glossy iridescent
violet on the tail (Auber, 1957b: 456). Both types of
structural colors can often be seen separately in members of
the same species, genus, or family of birds. Moderate
iridescence in males and fairly distinct Tjmdall scattering
colors in females occur, for example, in many species of
bowerbirds. Both types of colors are present in 12 families
(including pheasants, parrots, titmice, and crows), but only
one or the other is present in a given species in these families.
They sometimes occupy the same areas of the feathering in
different birds and indeed alternate in a striking manner
among kingfishers.
Blue or green colors of the beak or bare skin on the head
(probably all due to Tyndall scattering) occur regardless of
whether or not the birds have structurally colored feathers.
They are brightest and most widespread, though, in species
without such feathers, such as cassowaries, tragopan pheasants
(Tragopan spp.), and rockfowl (Picathartes spp.). Among
birds ivith structurally colored feathers, the structurally
colored skin on the head is more extensive in those with
iridescent feathers (e.g., turkeys, birds of paradise) than in
those with Tyndall-colored feathers (e.g., parrots, toucans).
It seems paradoxical that the two types of structural colors
should generally be mutually exclusive within a feather,
because they originate in different parts—iridescence in the
barbules and Tyndall scattering colors chiefly in the rami. All
the parts are formed under the control of the same mechanism, although at different times. Apparently the rate of cell
division, and possibly rate of increase in cell volume, cannot
vary from one part of a barb to another. There are thus
formed either thin rami and broad barbules (iridescent type),
or broad rami, usually with relatively short, thin barbules
(Tyndall scattering type) (Auber, 19o7a: 474).

Whiteness
Whiteness, the absence of all color, is properly included
with the structural colors because it is caused entirely by
structural conditions. The whiteness of any object seen by
incident white light is due to the reflection and refraction of
the light from innumerable interfaces between two media
of different refractive indices. The light is scattered as in the
Tyndall effect, but the interfaces are larger than the wavelengths of fight, and hence do not create colors (Fox and
Vevers, 1960: 20). The media can be in either the same phase
or in different phases, as shown in the following examples : air
and liquid, e.g., steam, foam; air and solid, e.g., chalk, paper;
Hquid and liquid, e.g., milk; Hquid and solid, e.g., white paint;
solid and solid, e.g., paraffin wax, marble.
White feathers owe their appearance to the scattering of
light in two ways, w^hich we may call reflected whiteness and
translucent whiteness. The first is by far the more important.
In this case, light is reflected at interfaces between air and
keratin, the latter being sohd yet transparent. Reflection
takes place chiefly from the surfaces of unpigmented barbules.
The structure of the barbules does not matter except insofar
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as it affects the number of reflecting surfaces. Downy and
pennaceous parts of feathers may appear equally white. Light
is also reflected from the walls of the medullary cells in the
rami and the rachis. Air is present between these cells as well
as inside them (Schmidt, 1961: 35). If the vanes of a white
feather are immersed in a liquid with the sam.e index of
refraction as keratin, the reflecting interfaces vanish. The
vanes become transparent, just like cloudy cells in the same
situation. As the rami and the rachis are permeated by the
liquid, they too lose their whiteness (Mason, 1923:
211).
Translucent whiteness can be seen in the cortex of the
shaft, particularly the calamus, of some flight feathers. Light
is scattered because of variations in the refractihty of keratin
within cefls. Reflection and refraction are weak because the
intracellular variations in refractility are small. As a result,
this sort of scattering contributes little to the appearance of a
white feather (Mason, 1923: 213). Since the keratin is solid
and impermeable, the effect that is seen does not change when
the shaft is immersed in a liquid with the same index of
refraction.
The structural conditions that create whiteness are
generally present in contour feathers, semiplumes, and down
feathers. They cause a colored feather to appear paler than its
pigment unless this is present in heavy concentration.
Albinism results when melanin is absent from a feather where
it is normally present, owing to a genetic fault in the synthesis
of this pigment by tyrosinase. If no other pigment or
structural color is present, structural whiteness is able to show
through. A genetically complete albino could still have highly
colored feathers, however, if a pigment other than melanin or
a structural color were present.
White feathers show a pale-blue fluorescence under ultraviolet light. This comes from the keratin itself, and it is
masked by the fluorescence of light-brown melanin or
porphyrins in feathers where these pigments occur (Fox and
Vevers, 1960: 169).
Color Modifiers
The appearance of a feather depends on factors that modify
colors as well as the conditions of structure and pigment that
produce them. Three categories of color modifiers can be
recognized in feathers: (1) special structures and orientation
of the barbs, (2) special orientation of whole feathers, and
(3) substances superimposed on the vanes.
Special structures and orientation of harhs
We have already mentioned several modifications of barbs
that produce special effects such as a cortical prism on the
ramus, which causes glistening, and a twisted, flattened
pennulum., which contributes to iridescence. Glistening can
also be caused by reflections from the sides of rami where the
barbules are much reduced or absent. This can be seen in the
open pennaceous zone of a hackle from a male junglefowl or
any of several breeds of chickens, including Single Comb
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White Leghorns. A lacquered effect results where the rami are
broadened, twisted, and devoid of barbules for part of their
length so that they present a flat surface to the viewer, as in
some species of Pitta (Frank, 1939: 472). A velvety effect is
created where the surface of the vanes has innumerable
vertically oriented structures, offering a minimum of effective
reflecting surfaces. This is accomphshed by the unusually long
pennula on the distal barbules of the remiges in owls and
goatsuckers (Sick, 1937: 242) and by various modifications
of the barbules in birds of paradise (Rensch, 1923).
Orientation of feathers
Feathers themselves give a velvet appearance if they are
short, closely set, and oriented perpendicularly. Examples can
be seen on the breast of the Greater Bird of Paradise
(Paradisaea apoda), the nape of the Green-winged Teal
{Anas crecca), around the eyes of the Spectacled Eider
(Somateria fischeri) j and on the crown of the Plush-capped
Finch (CatamUyrhynchus diadema).
Iridescent feathers owe their effect in part to variable
orientation. They change color as they are moved, not only
by movements of the bird^s body, but also by the dermal
muscles and feather muscles. This phenomenon is evident in
male Bronze or Wild Turkeys when they are displaying.
Substances superimposed on feathers
The color of a feather will be altered by any pigmented
substance or unpigmented particles that are laid over it.
These substances may be either natural—produced by a bird
itself—or artificial—derived from the environment. Colors
produced in this way have been designated as adherent colors
(German: Haftfarben) (Berthold, 1967: 585).
Natural substances.—Natural substances create effects that
are characteristic for a species and that do not vary according
to the habitat. They are of two kinds—feather powder and
the secretion of the oil gland. Powder is present in many birds,
including species of tinamous, herons, storks, hawks, cranes,
pigeons, parrots, cuckoo-rollers (Family Leptosomatidae),
and woodswallows (Family Artamadae). Its nature and role
as a waterproof dressing for the plumage were discussed in
chapter 5, page 270. The effect of powder on color was
first studied by Spöttel (1914) and analyzed further by Schüz
(1927). Light is scattered by the reflecting surfaces of the
particles, with the result that less of it penetrates into the
feather to be absorbed or reflected there. The colors of the
feather consequently appear dimmer or paler than they would
if unmodified. The powder is not pigmented at all, but its
reflected color varies as the particles diminish in size. If the
feather itself is white, the powder has no effect because its
faint reflection is overwhelmed. A pale blue-gray is seen if
powder overlies a gray feather, i.e., sparse melanin deposits
against a background of white. Brown-gray and dark bluegray result from powder over brown and black feathers,
respectively. Pale violet or yellowish green are caused by
powder over red or yellow feathers.
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The secretion of the oil gland is commonly colored by a red
or yellow carotenoid pigment. When it is apphed to white
feathers, it imparts its color to them until it bleaches and
oxidizes in air and light. This is the cause of the temporary
pinkish suffusion on the Eurasian and African White Pelican
(Pelecanus onocrotalus), the Black-headed Gull (Larus
ridibundus), and the Great Black-headed Gull (Larus
ichthyaetus) (Stegmann, 1956). A few birds appear to apply
the secretion for its color effect, and to renew it frequently.
This phenomenon, known as cosmetic coloration, has been
observed in the Great Hornbill (Buceros hicornis) (Vevers,
1964: 143).
Artificial substances.—Substances from the environment at
times stain or soil the feathers, a general effect known as
adventitious coloration (Wallace, 1963: 57). Since the effect
can appear natural, the possibility of its existence should be
kept in mind when studying the colors of feathers. The
plumage of ground-dwelHng birds is commonly tinted by dust,
an effect that is augmented by the taking of dust baths. This
effect can be seen in many larks but unexpectedly not in
Mirafra sabota (Hoesch, 1958). Birds that nest or roost in
cavities have particles of soil or wood, or myxomycete spores
on their feathers. The plumage of birds living near cities is
often found to be soiled by soot in the air, an effect known as
industrial discoloration. This is not to be confused wdth
similar darkening known as industrial melanism, which is due
to a genetically determined increase in the amount of melanin;
this phenomenon has been noted in moths and House
Sparrows near cities in England (Sage, 1962: 216). Some
ducks are said to acquire a purple-red stain due to crushing
certain aphids inhabiting osiers (Berthold, 1967: 584).
Except for this last case, the above-mentioned substances can
usually be washed out with water and a detergent.
Rust-colored stains, caused by ferric oxide, have been
reported in at least 120 species of birds (Berthold, 1967: 552),
They are common in ducks, geese, and cranes living where
the water or mud contains much iron (Kennard, 1918;
Walkinshaw, 1949: 6). Chickens acquire this stain if they
drip drinking water on themselves and rub against the wdres
of an old metal cage. A rusty stain is characteristically present
on the feet, beak, skin, and much of the feathering of Bearded
Vultures (Gypaetus barbatus). Amorphous ferric oxide
adheres closely to the surface of the feather parts but does not
penetrate the keratin. Its presence is probably due to oxidation of iron derived directly from the habitat and not to iron
in the secretion of the oil gland (Fretzdorff et al., 1966;
Berthold, 1967).
We have found that rust-stained feathers can be cleaned by
boiling them in a weak solution of hydrochloric acid or by
soaking them for an hour in an aqueous solution of sodium
sulfhydrate (sodium hydrosulfide, about 1 tablespoon per
quart). Longer soaking should be avoided because the
chemical releases the sulfur in the keratin and thereby
weakens the feather. Saturated solutions of oxalic acid and
sodium bisulfite have proven to be ineffective for removing
rust from feathers.

Patterns of Pigmentation
Now that we have seen how various color effects are
produced in integumentary structures, we will consider how
they are determined and combined to form patterns. We will
be speaking of patterns as they are seen in individual feathers
rather than those created by the overlapping of feathers on a
bird. Our account will focus on feather patterns caused by
melanin pigments because these patterns predominate in
poultry and have been studied most thoroughly. The account
is based on very good reviews of the subject by Hamilton
(1952: 362), Willier (1952), Rawles (1960: 225), and Cohen
(1966: 24). Findings on melanic patterns have provided a
basis for investigation of the more complex situation in
iridescent patterned feathers such as the tail coverts of the
peacock (Sager, 1955; Dürrer, 1965).
Patterns of melanin pigmentation in feathers are essentially
the result of an interaction betw^een melanocytes and the
epidermal cells from which a feather proper is formed. The
interaction is influenced by hormones and other factors. The
properties of all these elements are genetically controlled.
Excellent reviews of the genetics of plumage pigmentation in
the fowl can be found in the textbooks by Hutt (1949) and
Jull (1952).
Roles of factors in pigment pattern formation
Pigment ceZfe.—Experiments with transplantation of melanoblasts have shown that the genetic composition of these
cells is the primary determinant for the color and pattern of
feathers (Willier and Rawles, 1940), Genes prescribe the color
and form of the pigment granules and the specific capacity of
a melanoblast or melanocyte to respond to its substrate
(Wilher, 1941). A fundamental trait included here is the
sensitivity of the melanoblasts to sex hormones. The genotype
of these cells determines whether or not they can respond to
sex hormones, and if so, in what manner. We will return
shortly to the influence of hormones on pattern formation.
Another genetic trait of melanoblasts is their viability; this
factor is discussed in conjunction with white feathering
(p. 416). The mechanism by which the genes exert their
control over the pigment cells is not fully known. Lubnow
(1963: 78) suggested that the genes affect the amount of
oxidase that is formed, which regulates the dopa reaction
(p. 392) and hence the synthesis of melanin.
Tissue environment.—In almost all cases studied Cohen
(1959: 371) reported that the melanoblast system is potentially homogeneous throughout the tissues of an animal.
Differences in the fate of the melanoblasts and their descendants depend on the tissue environment through which these
cells move. Migration of the melanoblasts throughout the
body of an embryo is regulated by dermis of the skin and
elsewhere. Invasion of melanoblasts into a feather germ and
differentiation of these cells into melanocytes are controlled
by the dermal papilla. Migration and organization of the
melanocytes in the epidermis of a feather germ are regulated
by this epidermis, particularly in the collar. This epidermis
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controls the specific nature of the feather parts, which in turn
". . . determines the orderly arrangement of the melanophores
[melanocytes], the orientation of their processes, and the time
and order in which the structural parts of the feather accept
the pigment'^ (Hamilton, 1952: 567). Experiments by
Brumbaugh (1967: 16) indicate more specifically that the
interaction between genetic and environmental factors takes
place in a so-called zone of differentiation. This is situated
just distal to the zone of most active cell division and appears
to be the same as the ramogenic zone, which we have regarded
as the distal portion of the collar (fig. 237, p. 372). Within this
zone is determined the type of melanin to be synthesized.
Brumbaugh (loc. cit.) suggested '^ . . that the influence of
the 'zone of differentiation' upon the melanoblast is a function
of time and therefore related to growth rate.'' Experiments by
earlier workers had revealed that black bars appear on red
feathers of chickens when stimulated by thyroxine, and that
red bars appear with fasting. From these findings and his own,
Brumbaugh concluded that rapid movement of melanoblasts
through the zone of differentiation favors synthesis of
phaeomelanin.
Details of a pattern as well as color vary according to the
rate of feather growth. In Barred Plymouth Rock chicks, for
example, barring is distinct in slowly growing feathers,
whereas it is partially or nearly obscured in rapidly growing
ones, although the melanocytes are identical in both (WilHer
and Rawles, 1944).
Barred Plymouth Rock chicks illustrate too that variations
in the response of the melanoblasts are due to variations in
the tissue environment. Every feather germ differs from its
neighbors, albeit slightly, in its inherent morphological and
physiological properties. Recall the gradations in the size,
shape, and structural pattern of White Leghorn feathers,
discussed in chapter 6. The germs of regenerating feathers at
different locations on the body of a Brown Leghorn differ in
their threshold of reaction to known doses of thyroxine and
estrogen (Juhn and Gustavson, 1930; Lilhe and Juhn, 1932).
Indeed, they show regular, orderly variation in this property
within tracts (Juhn and Fraps, 1934; Fraps and Juhn, 1936).
These variations in the threshold of reaction appear to be
closely related to graded differences in the growth rate of the
feathers and the response of the melanoblasts. The latter may
be based on ^^ordered" quantitative differences in the
distribution or localization of substrate substances on which
tyrosinase or allied enzymes act in the synthesis of pigment
granules (Willier, 1952: 122). These variations appear to be
closely related to differences in the growth rates of the
feathers and their parts.
The properties of the tissue environment of the pigment
cells vary in time as well as in location. The melanoblasts, on
the contrary, retain their embryonic character and capacity
throughout the life of a bird (Nickerson, 1944). Hence, the
wide differences in color shown by most birds between natal
plumages and later plumages ''. . . may be attributed
primarily to changes in the intrinsic, morphological and
physiological properties of the epidermal substrate of the
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feather germ as the bird matures. . . . Changes in substrate
ehcit changes in the reaction of melanoblasts" (Rawles,
1960: 233).
Hormones.—Hormones play important roles in regulating
all aspects of feather development, molting, structural growth,
and pigmentation. Though we are considering only the last
of these here, w^e must remember that it is but part of the
picture. The formation of patterns, for example, can be
affected by hormones not only directly—on the tissue
environment of the melanoblasts—but also indirectly—on
the rate of growth. Growth and pigmentation do not come
about unless feathers are being replaced. Although the
influence of hormones on molting is related to their influence
on pigmentation, it is beyond the scope of this chapter. The
reader may approach this important subject through such
recent reviews as those by Assenmacher (1958), Höhn (1961),
Tanabe and Katsuragi (1962), Wagner and Müller (1963),
Ringer (1965), and the comprehensive book by Voitkevich
(1966).
The interactions and effects of some hormones differ
considerably among species of birds, even among breeds of
fowl. Witschi (1961: 146) has presented several of the
hormonal mechanisms that have been found to control
dimorphism of secondary sex characters in birds. In pursuing
research on avian hormones, it is therefore important to keep
in mind the species (or breed) that is being studied or reported
on. One must also be cautious in applying results from one
species (or breed) to another, particularly in regard to the
effects of the sex hormones on the plumage.
The hormones that are most closely associated with the
development of feathers in the majority of birds are those
secreted by the thyroid glands and the gonads. The thyroid
hormones affect the rate of feather growth, the differentiation
of shape and structure, and the formation of pigment and
pattern (Schwarz, 1931). Experiments with Brown Leghorns
have shown that thyroid deficiency causes red melanins to be
formed in place of black, brown, and yellow melanins; most
feathers become longer and more pointed than normal; fewer
pennaceous barbules are formed than normal with the result
that the vanes have a fringed or so-called lacy appearance
(Greenwood and Blyth, 1929; Juhn, 1947; Blivaiss, 1947). An
excess of thyroid leads to the opposite effects—predominance
of black pigment, development of blunt shape, and an
increase in the number of barbules.
Sexual dimorphism in the coloration of feathers in Brown
Leghorns is dependent on certain sex hormones. The response
of the melanoblasts to estrogen varies, however, according to
the level of thyroid hormones in the body (Trinkaus, 1953).
Further studies amplify this finding and indicate that the
thyroid hormones play an important role in maintaining that
level of metabolism at which the specific influences of sex
hormones become possible (Voitkevich, 1966: 267). In view
of their effect on metabohsm as well as their specific effects on
feather structure and color, it may be concluded that the
thyroid hormones have a wider and more fundamental
influence on feather formation than the sex hormones.
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The action of the sex hormones is more diverse among
species than that of the thyroid hormones. It ranges from
obvious influence on the feathers in birds of both sexes to
complete absence of effect. These differences are related to the
ecology of each species and not simply to its degree of sexual
dimorphism in the feathers or the existence of seasonal
alternation between bright and dull plumages. Nevertheless,
perennial sexual characters of the feathering generally rest on
genie sex constitution, whereas seasonal sexual characters are
controlled by hormones (Witschi, 1961: 163).
Different breeds of fowl display various interactions
between sex hormones and the genetic constitution of the
melanoblasts in the development of their characteristic colors.
In most breeds and varieties, the colors and patterns are
determined by the genetic constitution of the melanoblasts
independently of the sex hormones; that is, the melanoblasts
do not respond to these hormones (Willier, 1952: 115). A
study of Barred Plymouth Rocks, for example, revealed that
in this breed, only the shape and structure of the feathers are
controlled by the sex hormones. The width of the pigmented
bands and the intensity of their colors depend on the
melanoblasts, independently of sex hormone activity (Montalenti, 1934).
Breeds in which sex hormones do influence color include
those in which sexual dimorphism in the feathering is
pronounced, e.g., Brown Leghorn, as well as those in which it
is inconspicuous or absent, e.g.. New Hampshire Red, Rhode
Island Red, Silver Campine, and Sebright Bantams. In these
birds, the manner in which the melanoblasts differentiate
depends on the level of certain sex hornones in their environment (Willier and Rawles, 1940; Hamilton, 1941). Melanoblasts from regenerating breast feathers of Brown Leghorns
will develop into melanocytes that are either black (as in
males) or red (as in females) according to whether estrogens
are absent or present. Findings along this hne led to the view
that in this breed, the color of cocks is a neutral form,
whereas hens are thought to develop their colors when
estrogens suppress the output of leuteinizing hormone (LH)
(Witschi, 1961: 156).
In those hybrids of fowl where there is a sex-Hnked
difference in the color of natal down, the difference has been
considered to be genetically determined and independent of
the sex hormones. Experiments by Groenendijk-Huijbers
(1966, 1967) on hybrids of the cross New Hampshire male X
Light Sussex female indicate that there may indeed be an
influence of sex hormones in such cases. On hatching, male
offspring of this mating are white and females are reddish.
Castration of female embryos causes the down feathers to be
pale or white. The shade of the down is said to be directly
correlated with the amount of ovarian hormone produced;
below a certain level no red pigment is formed. Substitution
of ovarian hormone by estrogens, androgens, or embryonic
testicular hormone restores the production of red melanin.
These results show that embryonic pigment cells can be
influenced by sex hormones.
Other mechanisms of sex hormones appear to operate in

breeds where the feathering is virtually alike in both sexes
(henny feathering). In Silver Campines, for example, most
melanoblasts normally develop into black pigment cells, but
in castrated males, many of them develop into red pigment
cells instead. The normal appearance of black barring and the
suppression of red seem to depend on an adequate level of the
sex hormones in the blood. The unusual aspect of this situation, is that the melanoblasts apparently can respond in a
similar manner to both male and female sex hormones
(Nickerson, 1946b).
The pituitary hormones affect the formation and color of
feathers in fowls and pigeons through their control over total
metaboHsm. They exert their influence by regulating the level
of thyroid or sex hormones, which in turn affect feather
growth (Witschi, 1961; Voitkevich, 1966). In certain weaverfinches and a bird of paradise, however, luteinizing hormone
controls changes of color in males wdthout involving sex
hormones (Witschi, 1936, 1961; Watterson, 1959).
Hormones secreted by the adrenal gland do not appear
normally to play any role in feather development except
insofar as they participate in the total metaboHsm. Desoxycorticosterone acetate, a synthetic substance similar to an
adrenal cortical hormone, inhibits the differentiation in vitro
of black melanocytes from Barred Plymouth Rock embryos
(Hamilton, 1941).
The mode by which hormones influence feather melanoblasts has received much less attention than the effects
themselves. Evidence from several studies led to the proposal
''. . . that hormones act directly on the epidermal substratum, but not necessarily directly and simultaneously on

the melanoblasts" (Wang, 1948: 479; cf. Hamilton, 1941).
This view was narrowed by the finding that in Brown
Leghorns, the differentiation of melanoblasts under the
influence of hormones varies in relation to several attributes
of the substrate. These include the age and location of a
papilla, the stage of development in a growing feather, and
even the location on reaction gradients around the collar and
the zone of differentiation (WilHer, 1948, 1950). It thus appears that thyroid and sex hormones normally act on the
epidermal component of a feather blastema, not directly on
sensitized melanoblasts (Willier, 1952: 124; Hamilton, 1952:
572). Thyroid hormones affect the rate of feather growth and
hence the rate at which pigment cells move through the zone
of differentiation (Brumbaugh, 1967: 16).
The luteinizing hormone in weaver-finches does not seem
to act directly on any component of a regenerating feather. It
may exert its influence by way of the nervous system (Hall
et al, 1965).
There is ample evidence that the nervous system is
involved in the regulation of molting and the development of
feathers (reviewed by Voitkevich, 1966: 250). It serves here
chiefly to mediate between rhythmic environmental events
(principally photoperiod) and the hormonal activities of the
thyroid and the gonads. Nerve impulses to the hypothalamohypophyseal complex stimulate the release of hormones that
influence either or both of these organs.
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Interaction of factors in pattern formation
Having surveyed the factors involved in the melanin
pigmentation of feathers, we can now consider some of the
ways they interact in creating various sorts of color. We are
concerned here with the melanin pigmentation of only the
feathers. This may or may not correspond with the pigmentation of other structures in various kinds of birds. Our
discussion will be further restricted to the exposed portions
of the contour feathers. Downs, semiplumes, and the downy
portions of contour feathers are usually white, dull brown,
or gray. Within these hmits, we will follow a classification of
degrees of feather color based on that of Cohen (1966).
Totally pigmented feathering,—The category of totally
pigmented feathering is comprised of those birds that are
pigmented throughout the exposed portions of their feathers.
It includes many wild species, melanistic individuals, and
certain breeds of domestic fowl. Color may be uniform all
over the body (e.g., crow, Black Silkie, Bantam), varied
among tracts (e.g., Rhode Island Red), or varied among
tracts and within feathers (e.g., Brown Leghorn, Common
Coturnix, some Common Pigeons). At least in the fowls
studied, it appears that the melanoblasts reach all the feather
germs and that they are genetically capable of differentiating
into melanocytes of one or more colors. Their response depends on the conditions in their epidermal substrate, but
these conditions everywhere favor the formation of melanocytes in the pennaceous portions of growing feathers.
Patterns of varied pigmentation on individual feathers are
very difficult to explain. Occasionally the markings coincide
with the barbs (as on Spangled Hamburgs), but more often
they cross the barbs. Examples of many patterns found in
chicken feathers are illustrated in the ^ ^American Standard of
Perfection'' (American Poultry Association, 1938-40: 65).
Although it is evident that these patterns are due to regular,
repeated fluctuations in the process of pigment deposition, it
is not known in most cases whether it is the supply of melanin
or the condition of the epidermal cells that varies (Portmann
et al., 1963: 290).
Partial pigmentation: barred patterns.—The feathers of
some birds resemble those just mentioned except that they
are patterned with alternating pigmented and unpigmented
areas. This condition can be seen in Bronze Turkeys and
many breeds of fowl, in addition to many wild birds. Barring
can be either a sex-linked trait (e.g., Plymouth Rocks) or an
autosomal trait (e.g.. Silver Campines). The autosomal
barring of Silver Campines is not true partial pigmentation
because these birds have a silver gene as well as the autosomal
barring gene of Golden Campines. The silver gene inhibits the
development and deposition of red melanin (of Golden
Campines) only, so technically the partial pigmentation is due
to the silver gene rather than the autosomal barring gene
(Nickerson, 1946b).
Grafting experiments with Campines have shown that the
periodicity of the barring is an inherent property of the
melanoblasts (Nickerson, 1944). It appears further that
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melanocytes are present in the white bands but fail to
differentiate there. This has led to the suggestion that
The barring rhythm is controlled through the medium of some
diffusible, metaboKc substance produced by the active melanocytes
in the black band which inhibits pigment synthesis by neighboring
melanoblasts in the subjacent, differentiating barb ridges of the
prospective white band. As the source of the inhibition (black band)
becomes progressively removed by growth from the zone of differentiation, this zone will lie beyond the inhibiting influence, and
a new black band will be formed, and the cycle repeated [Nickerson,
1944: 378, paraphrased by Rawles, 1960: 235].

The periodicity of barring differs in homologous feathers of
the two sexes in some birds. It is not known whether this
dimorphism is controlled by the pigment cells or by hormones
(Cohen, 1966: 27).
Partial pigmentation:
local ivhiteness (also knoivn as
piebaldness or white spotting),—Some birds have white
feathers on certain parts of the body and melanin-pigmented
feathers elsewhere. The similar condition in mammals seems
to be determined by an autosomal gene with incomplete
dominance. At least three explanations have been proposed
for this phenomenon as it has been studied in fowl. Regional
differences in the pigmentation of Silver Campines are
beheved to result from differences in the number of melanoblasts that enter individual feather germs at various times
during their embryonic growth. Fundamentally, the feather
germs themselves appear to vary with respect to the quantity
of melanoblasts they will ''admit'' (Rawles, 1959).
Light Sussex fowl are believed to have competent melanoblasts in equal amounts throughout the integument. Local
differences in pigmentation in this breed seem to result from
variations in environmental factors (probably in the
epidermis), which affect differentiation of the melanoblasts
'^C)hen, 1959).
The black and white patterns of Lakenveld Chickens on the
other hand, appear to be due to the migratory behavior of the
pigment cells. The variegated markings of chicks are thought
(Danneef and Schumann, 1963) to result from the slow
wandering and late synthesis of pigment by melanoblasts.
The theory holds that by the time the pigment cells arrive at
the skin in many places, the skin has matured in some way
such that the cells can no longer enter it. Adult Lakenvelds
of both sexes are largely white flecked with black, except for a
black head and tail This pattern is a result chiefly of the
hmited number of pigment cells. Melanoblasts are formed in
greatest abundance at the anterior and posterior ends of the
neural crest in embryos of this breed. Only at those parts of
the body very near these foci do the feather rudiments
receive so many pigment cells that they produce black
feathers. A few melanoblasts wander farther; in time they
enter feather germs here and there on the body and wings.
They are manifested in black-pattern feathers amidst
all-white ones. The black and white spotted patterns of young
Ancona chickens are also thought to be due to behavior of the
melanoblasts. Migration of these cells from the neural crest is
retarded, but seems to continue at least during the ñrst few
months of hfe (Schaible, 1962).
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Investigations of piebald patterns in mammals suggest still
another basis for this condition in birds. This has to do with a
postulated interaction between melanocytes and another type
of dendritiC; nonkeratinizing cells, the so-called Langerhans
cells. According to Fitzpatrick et al. (1966), a Langerhans cell
is '^ . . a distinctive cell of the mammahan epidermis and
dermis presumed to belong to the 'melanocyte' series. It is
revealed by gold impregnation and contains distinctive
nonmelanized disc-like organelles/' Both melanocytes and
Langerhans cells occur in the region of the basal layer of the
epidermis, but only Langerhans cells have been found in
higher layers. This indicates that the latter can migrate
toward the surface, whereas melanocytes normally cannot. It
is now reasonably certain that these two types of cells
comprise a unified population, but the relationship between
them has not been established. A Langerhans cell is now
believed to be a healthy living cell, one of the division
products of an active melanocyte. It is thought to represent,
in a sense, an immature or possibly arrested phase of a
melanocyte (Breathnach, 1963; Breathnach et ah, 1963;
Breathnach and Goodwin, 1965). According to this hypothesis, a melanocyte is transformed into a Langerhans cell
chiefly by loss of the ability to produce melanin and gain
of the ability to migrate outward through the epidermis
(Riley, 1967). In addition to this transformation, both types
of cells are capable of dividing and of maintaining a cell line.
Rileys suggested that some white spotting in birds may be
due to an environmentally induced change in the resident
population of melanocytes, rendering these cells incapable of
producing pigment, i.e., a transformation to Langerhans cells.
This theory could be tested without difficulty by electron
microscopic examination of feather germs of white-spotted
birds for Langerhans cells. The presence of such cells would
strongly indicate that some of the basic patterning mechanisms affecting melanin pigmentation are similar in birds and
mammals.
If Langerhans cells belong to the melanocyte lineage, they
must be derived from melanoblasts. In cases of white spotting
where Langerhans cells are found in the epidermis, the
condition therefore cannot be due to failure of melanoblasts
to migrate (Breathnach and Goodwin, 1965: 380). The
finding of Langerhans cells in feather germs of white-spotted
birds would thus argue against the mechanism suggested by
Danneel and Schumann (1963).
White feathering.—Numerous breeds of domestic birds and
species of wild birds are characterized by totally white
feathering. The beak, irides, and sometimes the feet of these
birds are colored with melanin, which is lacking in albino
birds. The absence of melanin in albinos and in most whiteplumaged birds is not due to the absence of melanoblasts but
to a genetic fault in the synthesis of the pigment by
tyrosinase. Abnormal conditions that are related to albinism
but are less severe are partial albinism, due to degeneration or
absence of pigment cells in certain areas, and leucism

' Riley, P. A.

Written communication.

1967.

(paleness), due to a reduced amount of pigment deposition.
Albinism and other types of abnormal color in birds have
been reviewed by Sage (1962), Harrison (1963), and Lubnow
(1963).
The presence and nature of melanoblasts in several white
domestic breeds have been demonstrated by experiments with
transplantation and tissue culture. If these cells are transplanted to a culture medium or to the feather rudiments of a
pigmented breed, they degenerate. Contrarily, if melanoblasts
from a pigmented breed are grafted into feather rudiments on
a bird of a white breed, the resulting feathers will be pigmented. The failure of melanocytes in white breeds to
synthesize or deposit pigment thus seems to be due to a
peculiarity of their genetic makeup, not to their tissue
environment (Wilher, 1952: 116). This hypothesis might well
be reexamined in the light of new knowledge of Langerhans
cells and their relationships to melanocytes.
The genetics of white feathering in fowl has been well
discussed by Hutt (1949: 169). The trait is autosomal and
either dominant or recessive to black pigmentation in different
breeds and varieties. It is dominant in Pile Games, La Bresse,
Single Comb White Leghorns, and some hybrids that
incorporate White Leghorn genes. The gene for whiteness in
White Leghorns exerts its influence by inhibiting the formation of black melanin; it does not affect reddish or buff
melanin. Its effect in heterozygous birds varies according to
the alíele with which it is combined. Breeding tests reveal
^'. . . that the White Leghorn is really a barred, colored fowl
in which both the color and the pattern are suppressed"
(Hutt, 1949: 170). Whiteness is recessive in the white
varieties of Dorkings, Plymouth Rocks, Wyandottes,
Minorcas, Orpingtons, and Silkies, as well as white varieties
of turkeys. The gene responsible for it reduces the number of
melanocytes and impairs their viability.
Melanocytes of white varieties of fowl differ from those of
black-pigmented varieties, principally in their much lower
viability. They are also smaller, have more delicate processes,
and contain fewer and usually smaller melanin granules.
There is no apparent difference between melanocytes of
dominant and recessive whites except that melanocytes of
recessive whites tend to degenerate sooner in culture. In
regenerating feathers of white fowl, the melanocytes occur
mostly in the ramogenic zone and die off quickly at higher
levels before they can deposit much pigment. These observations lead to the conclusion that the feathers remain white
because only a few melanocytes differentiate, and even these
do not thrive for long in the feather germ (Hamilton, 1940).
In addition to these factors. White and Easthck (1953:
247) suggested that the melanocytes that enter the feathers in
White Silkie fowl are virtually incapable of synthesizing
melanin; also, the melanocytes in natal downs may not reach
the ideal position where they can give up pigment to the
developing feather elements. Kimball (1958a) stated, on the
contrary, that both dominant and recessive white feathering
in chickens depends on the nontransfer of pigment from the
melanocytes to the epidermal feather cells, not on any failure
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of pigment synthesis. Although this may be true in certain
caseSj it probably does not hold for all.
The causes of white feathering have been studied much less
in domestic ducks and turkeys than in chickens. A study of
White Indian Runner Ducks indicates^ however, that the
appearance of these birds can be traced back to the degeneration of neural crest cells^ which would otherwise be precursors
of melanoblasts. There are no melanoblasts, not to mention
melanocytes, in the feather germs of these birds. Formation
of melanin is stopped at a much earlier stage than in Single
Comb White Leghorn Chickens (Koecke, 1958). Riley^
suggested instead that the neural crest cells may not degenerate, but that under an environmental influence they
may give rise to Langerhans cells.
To summarize, let us answer the question: Why are the
feathers of a Single Comb White Leghorn Chicken white?
We must approach this problem at three levels. Fundamentally, at the genetic level, the answer seems to he in the
presence of a genetic factor that inhibits the viability or black
melanin-synthesizing capacity of the pigment cells in the
feather germs. At the cytological level, w^e can say that the
pigment cells largely fail to synthesize melanin or to deposit
it in developing feather cells. At the gross anatomical level,
feathers appear white because there is no pigment to mask
the scattering of light, principally at the surface of the
barbules.

Changes in Color
Feathers
The color of feathers changes to some degree during the
life of most birds. Even in white breeds of domestic birds
(e.g., Single Comb White Leghorn Chickens, Beltsville White
Turkeys, White Pekin Ducks) the natal down is usually
yellower than the subsequent plumages. Some changes of
color take place only once, whereas others are repeated, which
is another aspect of the complexity of the entire colorregulating system. Nonrepeated changes are those that occur
in the series of plumages from the natal down to the definitive
(adult) feathers. It is through these stages that the definitive
pattern is gradually manifested. Repeated changes are seen
year after year, once the definitive pattern has been reached;
they are shown by birds of those species that grow two or
three plumages in the course of a cycle.
Changes accomplished with molting.—A feather's color is
established chiefly when it grows and remains the same or
nearly so thereafter. We will return shortly to the subject
of color changes in fully grown feathers. Most changes,
therefore, are due to differences in the deposition of pigments
or in the formation of color-producing structures between
one generation of feathers and the next.
Natal downs are colored only by melanins, for carotenoid
pigments and structural colors do not appear until later
generations. In some breeds of chickens with pigmented natal
^ Riley, P. A. Written communication. 1967.
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down (e.g., Rhode Island Red), the intensity of the phaeomelanin in these feathers is positively related to the color of
2d- and 3d-generation feathers. That is, the color of the
downs gives a good indication of what the color of subsequent
feathers will be in these birds (Somes et al, 1966).
Among birds in general, however, there is no such relationship between the color of the natal plumage and the later
plumages. Successive body contour feathers from the same
folhcle may either repeat or alternate in color. This depends
on the species, sex, and age of the bird, and the location of the
folhcle on the body. Various sequences of color alternation can
be found among birds, involving predominance of light
melanins, dark melanins, carotenoids, and structural colors
(including whiteness). Where structural colors alternate with
pigments, they are usually replaced by melanins rather than
carotenoids.
Birds of most species molt twice each year, right after one
breeding season and again before the next. Commonly, the
feathers that are worn during the breeding season are brighter
or more boldly marked than those they replace, which w^ere
worn the rest of the year. Such an alternation in coloring can
be seen in junglefowls, many ducks, and some pigeons but
not in any domestic forms of these birds. The phenomenon
occurs either in both sexes or in males alone. (For examples
see Thomson, 1964: plates 7 and 8.)
Albinism that seems to be associated with advancing age
has been observed in the Blackbird (Turdus merula) and other
species (Sage, 1962: 211). Affected birds generally show
patches of white that become larger at successive molts. As
far as w^e know, a change of this kind has not been reported
for poultry, ducks, or pigeons. The condition is somewhat
similar to the graying of hair, which is thought to be due to a
decrease in the number of melanocytes and retardation of
melanogenesis in the melanocytes that remain (Fitzpatrick
et al, 1965: 48).
Albino feathers sometimes emerge around the site of an
injury, following a molt, and there is a little evidence that
albinism may follow^ a fright molt (Sage, 1962: 212). These
cases of albinism may result from interference of the passage
of melanocytes into the feather germ, failure of melanin
synthesis, or destruction of melanocytes. They cannot result
from blocking a gland by which pigment passes into a feather
(Sage, 1962: 213) because no such gland exists.
It is common knowledge among aviculturists that the color
of captive birds may change as a result of an incorrect or
unbalanced diet. The loss of reddish color in captive
flamingos and Red Crossbills (Loxia curvirostra) is due to a
lack of certain red carotenoids in the diet. Color is restored at
the next molt if the birds are provided with food containing
adequate amounts of these pigments. In hke manner,
canaries and white varieties of chickens will, in successive
molts, turn intense orange if they are fed red pepper. Certain
finches will become dark brown or black if fed hempseed or
berries with a high oil content (Staples, 1948; Sage, 1962:
217). The mechanism of this change has not been investigated,
but it more Hkely involves increased deposition of melanin

418

CHAPTER 7—GROWTH AND COLOR OF FEATHERS

during the growth of new feathers than alteration of fully
grown feathers as suggested by Staples.
Evidence suggests that certain color changes in captive
birds may be due, at least in part, to lack of exercise.
Common Redpolls (Acanthis flmnmea) have been known to
replace all their red feathers by yellowish ones at the next
molt (Weber, 1961). A captive Spotted Dove (Streptopelia
chinensis) has been known to molt into an abnormally dark
plumage (Goodwin, 1957). Small cages and lack of exercise
seem to be at least partially responsible in both cases. These
cases show that both carotenoid and melanin pigmentation
may be so affected.
Changes without molting.—The appearance of the exposed
portion of fully grown contour feathers is sometimes altered
by fading, adherent substances, or wear. Carotenoid and
porphyrin pigments are known to fade from light in the
feathers of various birds (fugitive pigments reviewed by
Völker, 1964). The melanized feathers of Great Skuas
(Catharada skua) in Antarctica are said to become bleached
by exposure to prolonged daylight (Welty, 1962: 46).
Discoloration of feathers by adherent substances has
already been discussed but it is appropriate to mention here
certain color changes that are thought to take place by
this means in Whistling Herons (Syrigma sihilatrix). Juvenal
neck feathers of these birds change from grayish to yellow
or buffy orange without a molt. Growing, definitive neck
feathers show a similar change. These changes are thought
to be caused by the acquisition of a colored substance from
the oil gland or, more probably, the powder downs (Humphrey and Parkes, 1963b: 87). Fading of the yellow suffusion
on the underparts and rump of museum specimens of these
herons is thought to be due to loss of the colored material
because the feathers are not structurally modified to hold
it.
Wear affects feathers that, when fresh, have a white or pale
brown fringe beyond a darker portion. In time, the tips of the
barbs break off or wear down to the more melanized parts.
The major pennaceous portion of one feather ceases to be
masked by the tips or margins of overlying feathers. As a
result, the feathering of a region becomes darker. This
phenomenon can be seen regularly in early spring in males of
many passerine species such as the Bobohnk {Dolichojiyx
oryzivorus) and the House Sparrow (Wallace, 1963: 53).
Wearing of feather tips also occurs in females but is usuall}
inconspicuous. Change of color in this way has been called
abrasive molt, but this is not a good term because there is no
replacement of feathers. We prefer to call it subtractive
change as proposed by Staples and Harrison (1949b: 93),
although we do not believe, as they do, that it ''is something
more than mere wearing away.''
A century ago, Fatio (1866: 298) tried to demonstrate that
the color of a fully grown feather could be altered by changes
in the distribution of pigment inside the feather. Coues
(1903: 92) was certain that this happened and named the
phenomenon ''aptosochromatism/' Strong (1902: 172), on
the contrary, refuted the theory because there was no
reliable evidence in its support. After the cells of a feather

have become keratinized, there is no way for additional
pigment to enter them. Staples (1948:87) agreed to this,
but suggested that ''. . . if a fatty secretion of fat were to
permeate a feather it would automatically deepen its colours
and could, according to its nature, chemically change colours
of a deposited pigment," Conversely, the colors would fade
and the barbs would be abraded more rapidly if the flow of oil
ceased (Staples and Harrison, 1949a: 36; cf. Staples,
1948: 85). Subtractive change, these authors maintained,
involves not only wear but also properties of melanin and the
absorption by feathers of oil-borne secretions from within the
body.
Feathers do contain hpids, but these are either formed in
place as a feather develops or derived from the secretion
of the oil gland. Any change of color that involves Hpid
secreted by feathers probably takes place while the feathers
are growing.
Before giving further thought to the mechanism of color
change in fully grown feathers, we must point out that not
even the exact nature of the change is known in any bird
where it is claimed that something more than fading or
abrasion takes place. It is first necessary to show conclusively
that such changes take place, by examining and photographing the same feathers over a period of time, as was suggested
by Tucker (in his reply to Harrison, 1948: 50). We are not
aware of any published results from studies of this kind.
Many cases of color change without molt will probably be
found to be due to abrasion—if not of the tips of the barbs,
then of the barbules alone. Wear is minimized in waterfowl
and many other birds as long as the feathers receive a normal
dressing of the secretion from the oil gland. In ducks from
which the oil gland has been removed, feathers become dry
and brittle, resulting in breakdown of their barbs (Elder,
1954). Experiments with Single Comb White Leghorn
cockerels indicate that the normal functioning of the oil gland
is regulated to a great extent by male gonadal hormones.
A decrease in the amount of these hormones depresses the
activity of the gland. Without their normal dressing of oil,
the feathers might become abraded more rapidly than usual.
It is tempting to suggest, therefore, that changes in the color
of the feathering, due to wear, may sometimes be brought
about by lowered production of male gonadal hormones. This
is opposed, however, by the fact that such changes take place
in the spring, when production of sex hormones increases.
Further contradiction would seem to come from the observation that the feathers of old capons do not appear to be
abraded any more than those of normal cockerels. The oil
gland of these birds functions normally, however, possibly
restored by the androgen secreted by the adrenal cortex
(Kar, 1947).
Changes in the composition of the oil gland secretion may
also be responsible for some changes of feather color without
molt. Apandi and Edwards (1964) have shown in chickens
that the composition of the diet can influence the composition
of the fatty acids in the oil. If a fattier oil than usual were
secreted as a consequence of a changed diet, it would, when
applied by a bird to its feathers, enhance their color and
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sheen. The color changes observed in caged birds that have
been fed oil-rich seeds or berries are more likely to be due to
this effect than to oil permeating the feathers from within.
Assuming that the observations are correct, it will be
necessary to test this hypothesis experimentally.
Avian skin has been found to secrete a lipoid substance,
not just from the oil gland, but over much of the body (Lucas,
1968). This discovery contradicts a long-held behef that the
skin is generally nonsecretory. Lucas (1968: 367) suggested
that the secretion from the body epidermis ^^ . . is the chief
source of the fatty material in the corneum and on the surface
of the skin.'^ Perhaps some.of the secretion may also be
appHed to the feathers by preening. Diet may affect the
secretion of the skin as it does that of the oil gland. If so,
then changes in the diet may cause the skin secretion to alter
the appearance of the feathers in the same way as suggested
above for the oil gland secretion. The secretory activity of
avian skin epidermis is discussed further in chapter 9, pages
627 to 634.
Bill
The color of the bill differs between sexes and varies
seasonally in many birds, though not in any domestic
varieties. These differences are closely related to the level of
male or female sex hormones and can thus be used to assay
the hormones (Witschi and Woods, 1936; Witschi, 1961). In
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species where the color is due to melanin alone, such as the
House Sparrow, variation in color is effected by changes in the
number of melanocytes in the epidermis. In other species,
such as the Common Starling, the bill turns yellow early in
the breeding season, and black after that season. These
changes are due to the successive replacement of a melanin
and a carotenoid, but the mechanism in direct control of
pigment deposition is unknown. The rate of change depends
more on the rate of melanin deposition than on the growth
of the rhamphotheca (Wydoski, 1964).
Gulls of several species have a yellow (carotenoid-pigmented) bill with a red (carotenoid), black (melanin), or red
and black mark near the tip. Schultz^^ observed in Glaucouswinged Gulls (Lams glaucescens) that black areas reappear
seasonally and that they move forward along the bill,
whereas the red spot does not move. This indicates that the
pigments lie at different levels in the rhamphotheca and that
they are separately controlled. The most highly patterned
bills of all birds are those of toucans, in which several
combinations of pigments can be found. Different species
show various degrees of agreement between the boundaries
of the pigmented areas and the underlying structure or the
wear of the rhamphotheca (Lüdicke, 1959b).

10 Schultz, Zella. Written communication.
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CHAPTER 8

Feather and Apterial Muscles
GROSS MORPHOLOGY
General
Feather tracts and apteria were described in chapters 2
and 3 by looking at the outside of the skin. In this chapter
the skin will be viewed from the under surface to study the
arrangement of muscles that move the feathers and that
span featherless spaces. Feather muscles (musculi pennati)
and apterial muscles (musculi apterii) are nonstriated and
are limited to the dermis of the skin (musculi ¡eves dermi).
Feather muscles are attached to the outer surface of the
folhcle wall by elastic tendons. Muscle action elevates, depresses, and rotates folhcles or pulls them closer together.
Apterial muscles are composed of bundles, joined end-to-end
by elastic tendons, and arranged in a sheet across nonfeathered spaces. These muscles characteristically have
many lateral anastomoses. Apterial and feather muscles are
essentially alike, and at the junction of tract and featherless
space, there may be continuity between them where one
changes its morphology to the other (fig. 294, p. 483). Apterial muscles, acting collectively, may have the function of
tensing the featherless skin of birds. The nonfeathered skin
of many birds, including the chicken, is characteristically
thin and loose. Similarities and differences between apterial
and feather muscles are discussed further on in this chapter.
As in other chapters, a description is given first of the gross
as seen with the unaided eye, then the subgross at low magnification, and finally, details at high magnification with the
light microscope. No one as yet has apphed the electron
microscope to the feather and apterial muscles of the avian
body. When discussing the gross features, comparisons will
be made with the pterylosis described in chapter 3, especially
in regard to the arrangement of rows within tracts and to the
schematic representations in figures 63, page 110, and 64.
The technique of preparing the skins to show these muscles
has been described on pages 653 to 657, but it is desirable to
reiterate some of that information in order to understand
figures 256 through 276. In figure 256, A, for example, the
inset shows that the skin of the neck was slit along its ventral midline from submalar region to the base of the neck and
that the left and right cut edges are labeled A and B, respectively. Circular cuts severed the skin from the head and from
the trunk. When the skin was removed, bodies of fat were
left behind whenever possible, and a wooden applicator was

used to scrape away fat that remained, either before or after
fixation. The preparation was spread on a stiff, stainless steel
wire netting with the under surface of the skin uppermost;
the skin was attached to the wire by thread or by small surgical suture clamps. Stainless steel was used because it resists
the actions of the chemicals in Bouin's fluid. After fixation
and dehydration, additional cleaning of the under skin surface was often necessary, especially in pieces taken from the
neck region, because three layers of striated muscles enclose
the neck.
The innermost layer is composed of four widely spaced
muscle bundles located on the caudal third of the neck.
These bundles have an oblique orientation as viewed laterally. The first in the series is more obhque than the last. The
intermediate layer forms a sheet of longitudinal muscles,
attached anteriorly in the temporal fossa and terminating
caudally at the cephaUc end of the pectoral tract. The intermediate layer is not altogether complete; narrow anterior
and posterior gaps are along the middorsal line and a large
gap is on the caudal midventral region. The outermost layer
is composed of bundles of circular muscles spaced increasingly far apart toward the base of the neck. In the basal third
of the neck, these bundles are present on the dorsal half and
absent on the ventral half. All three muscle layers, as well as
adherent fat, must be removed in order to see the feather
musculature clearly.
The intersection of lines shown in figures 256 through 276
marks the location of folhcles, and the lines between follicles
are the muscle bundles. A dot for each follicle was placed
accurately on the paper by using the tracing machine
(p. 660), and then the muscles were added for each point as
seen through a low-power magnifier. Further understanding
of the gross appearance may be obtained by glancing at
figures 277 and 280 to 285, in which a few follicles and their
connecting muscles are shown as they appear under moderate
magnification. Such follicles, as those of down feathers, show
lines radiating from them rather than lines connecting adjacent follicles because down feathers are small and the distances between adjacent folhcles are relatively great. Figure
286 shows details of muscles around such a folhcle.
Apterial muscle bundles are usually short, for example
those shown in figure 265, A and B. They may be long, for
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example, those in the lateral caudal apterium (fig. 261). They
are present in certain areas of skin and absent in others.
When present they exist in great numbers and usually course
parallel to each other through the lower part of the dermis
layer. Figure 294 shows the relationship of apterial muscles
to their tendons. Picric acid stains the smooth muscle but
not the elastic tendons, consequently these muscles are
shown in figures 256 to 262, 265, 266, and 268 as unconnected
dashed lines. Often, however, the entire apterial musculature
as well as the elastic tendons were not revealed by the Bouin
fixation, and then it became necessary to apply a dilute
hematoxylin followed by clearing techniques. These explanatory remarks should make it easier for the reader to follow
the description of patterns for feather and apterial muscles.

Chicken
Head
The feathers on the face and head are small, but a musculature is present. In many cases this musculature consists of

Midline—

Anterolateral row

Posterolateral row-

Transverse row
Longitudinal row

B
FIGURE

256.—Feather muscles of the neck.

Aj the inner surface of the skin of the neck showing feather muscles in
the dorsal cervical, ventral cervical, and interscapular tracts and
apterial muscles in the ventral cervical and scapular apteria. The
location of an arbitrary boundary between the dorsal and ventral
cervical tracts is indicated by arrows pointed toward each other
(compare with fig. 61, p. 107).
The dashed lines in the small drawing of the head and neck, labeled
A, B, and C, show the incisions made to remove the neck skin. The
same points, A, B, and C, are labeled on the large drawing. The
asterisk and arrow in the lower left corner indicate the approximate
location from which figure 294, page 483 was made. From a dubbed
male, Single Comb White Leghorn Chicken. Bouin fixation, unstained
and not cleared.
B, some terms are used to designate the direction of feather rows.
These terms are applicable to rows along or near the midline of dorsal
and ventral surfaces of head, neck, trunk, and tail.
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short bundles that radiate around a follicle and occasional
bundles that extend between folhcles. The musculature is
more extensively developed on the crown than on other parts
of the head. Interfollicular muscles on the crown are numerous and may be well enough organized that they are in rows.
Parallelograms are visible in the thin dorsal skin of the head
at the level of the eyes in the chicken at 1 day of age. In the
genal region below the eye, bundles that connect folhcles are
rare. The postauricular apterium is devoid of muscles, and
this was confirmed by the study of sections from this area
(pp. 489 to 498).
Dorsal and ventral neck
Dorsal cervical tract.—The feather muscles of the dorsal
cervical region are linked together in rows that course principally in two directions—the major direction is anterolateral
(ordo anterolateralis), and the less prominent one is longitudinal (ordo longitudinalis) (fig. 256, A and B). Both directions originate at the midhne. If one compares the rows of
muscles in figure 256, A, with the rows of folhcles shown in
the pterylosis study (figs. 60, p. 105, and 61) and with
those in the schematic representation (figs. 63, A and B),
close agreement between muscle patterns and pterylosis will
be observed. On most of the dorsal neck the anterolateral
rows of muscles uniting folhcles are fairly regular, but the
longitudinal rows seem to run in a zigzag course. The latter
are approximately perpendicular to the transverse rows (figs.
256, A and B), thereby producing large squares in the caudal
part of the tract that change to elongated, narrow rectangles
in the midpart of the tract. Within some squares are small
muscle bundles arranged diagonally between opposite corners. These muscles are often well developed where the rectangles are long and narrow, and the bundles may be equal
in thickness and prominence to the longitudinal muscles. The
continuity of the diagonals produces a third set of rows,
namely ones that bisect the angles between anterolateral and
longitudinal rows. These intercalated diagonal rows (ordo
diagonalis) confuse the continuity of the longitudinal rows
and give them a zigzag effect. On the dorsal neck, just caudal
to the head, the muscles have a reticular arrangement without evidence of distinctly defined rows.
Junction of dorsal cervical and interscapular tracts.—The
caudal end of the dorsal cervical tract narrows at its junction
with the interscapular tract. When the pterylosis was plotted
(fig. 60), we noted that the follicles lost their pattern of clearly
defined rows, and after some study, we concluded that this
was because the follicle rows of the dorsal cervical tract
changed direction as diagramed in figure 63, C. This conclusion is supported by the study of feather musculature (fig.
256, A). The rows of folhcles may give the effect of a Cshape as in figure 60, or an S-shape as in figure 256, A. The
difference is not considered significant because, in part, the
direction taken by the rows is an optical illusion. In another
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specimen 1 day of age, the rows had an S-shaped pattern.
The isthmus between dorsal cervical and inter clavicular
tracts seen in the adult bird may be due to an elongation of
the neck during growth by which the skin in this area pulls
the two tracts apart.
Interscapular tract.—The pterylosis (fig. 60) shows the
dominant direction of rows as transverse (ordo transversus).
In the diagrammatic representation of the interscapular
follicle (fig. 63, C), two row directions were shown—posterolateral (ordo posterolateralis) and longitudinal. In the study
of muscle bundles Joining the folhcles, three directions of
rows could be identified—posterolateral, anterolateral, and
longitudinal. Figure 256, A, shows that the anterolateral
rows on one side of the interscapular tract continue caudally
across the midline to become the posterolateral rows of the
opposite side. This is shown more clearly in the Common
Coturnix (fig. 269). The anterolaterals and posterolaterais
intersect at angles varying from about 90° to 60°. The longitudinals are well defined only at the caudal end of the tract.
In this part of the tract the longitudinals are thin bundles,
broken into small lengths joined together by elastic tendons.
Ventral cervical tract.—At the anterior end of the ventral
cervical tract only a few follicles are so arranged that the
attached muscles form parallelograms. This is shown in
figure 256, A, in the upper neck, near the cut edges of the
skin. Moreover, on the ventral side of the neck the muscle
bundles are small compared with those of the dorsal, midline
area of the neck. More caudally, the line of transition between the dorsal cervical tract and ventral cervical tract is
indicated by a pair of arrows pointed toward each other (fig.
256, A). This line corresponds to the arbitrary one established for the separation of dorsal and ventral cervical feather
tracts (fig. 61). In the caudal third of the ventral cervical
tract, the feather muscles become robust, and the crisscrossing of the curved rows is such that the muscles are
arranged in the form of squares. In a few instances diagonal
bundles divide the squares into two similar triangles.
The feather muscles attached to the edge of a tract adjacent to an apterium extend out into the apterium as short
radiating lines. When apterial muscles are present, thej^
merge with the feather muscles (A and B margins of fig.
256, A).
Lateral cervical apterium.—Within the lateral cervical
apterium are a few scattered down feathers, but practically
no apterial muscles (fig. 256, A). The down feathers have the
musculature needed to move them in various directions, but
actual movement of these feathers has never been observed.
The peripheral ends of these radial feather muscles are said
to have their anchorage in the surrounding dense connective

tissues of the dermis (Petry, 1951). Burmeister, in editing
the work of Nitzsch (1867: 13), presented an opinion that
down feathers did not have muscles attached to the folhcles.
This is incorrect. The radial muscles around the down feather
of the lateral cervical tract are shown in some detail in figure
286. Ducks are known for their abundance of small down
feathers. These, hke contour feathers, have a precise musculature (figs. 270 and 274).
Although the lateral cervical and the scapular apteria are
divided by an arbitrary line (figs. 60 and 256, A), the thin
skin associated with these apteria forms a flaccid area easily
stretched in any direction. The first hypothesis might be that
the lack of apterial muscles is the basis for the looseness of
skin in this region, but the skin in this area of the neck has
well-developed sheets of striated muscles on its inner surface
as described on page 505. The existence of these skeletal
muscles (panniculus carnosus) may be the reason that the
apterial muscles are absent, but this does not explain the
looseness of the neck skin in spite of the presence of skeletal
muscles.
Ventral cervical apterium,—The cut edges of the incision
A and B in the midventral fine (fig. 256, A) divide the ventral
cervical apterium into two longitudinal halves. Throughout
its length apterial muscles are abundant and are arranged
transversely across the ventral neck. These muscles give a
tenseness to the skin in this area, but tenseness is not found
in the lateral cervical apterium where muscles of this type
are absent. Within the ventral cervical apterium are a few
follicles belonging to down feathers, each with bundles of
short, radially arranged muscles (figs. 256, A, and 259, A).
Dorsal body—adult
Dorsopelvic and dorsal caudal tracts.—In figure 60, and in
the scheme shown in figure 63, D, the transverse posterolateral rows of feathers on the anterior end of the body meet
in the midline at an acute angle, but at the caudal end, the
angle between rows from right and left sides becomes much
greater, as much as 160°. The existence of longitudinal rows
is usually vague in the pterylosis but is shown clearly in the
feather muscle pattern. In fact, the muscle bundles may be
larger and more numerous than they are in the transverse
rows, and this is confirmed in the scheme shown in figure
63, Z), but the clarity of pattern may be confused by the
diagonals.
At the anterior end of the dorsopelvic tract, the diagonals are delicate and are inclined posterolaterally from
the midline, whereas caudally (in the pelvic tract and in the
dorsal caudal tract) the diagonals are robust and are inchned

257.—Inner surface of skin from the back, showing feather muscles of the interscapular, dorsopelvic, and caudal tracts;
the dorsal part of the femoral tract; and the apterial muscles of the scapular, lateral body, lateral pelvic, and lateral caudal
apteria. Single Comb White Leghorn Chicken. Bouin fixation, unstained and not cleared.

FIGURE
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in the opposite direction, namely anterolaterally. The statement about diagonals is applicable to the specimen illustrated in figure 257, but in another skin the diagonals were
almost entirely absent with a strong development of the
longitudinals. In the specimen illustrated in figure 257, a
dorsal apterium was not indicated, which agrees with the
pterylosis pattern shown in figure 60; however, the second
specimen had a well-defined dorsal apterium beginning at the
caudal end of the interscapular tract and extending along the
midline of the dorsal tract for about two-thirds of its length.
In this example, the pair of longitudinal rows along the midline were separated by a distance of 6 mm. rather than the
typical separation of 2 to 3 mm. Muscles crossed this space,
joining together the folHcles (about five pairs) bordering the
apterium. This apterium was found in old chickens. It did
not exist in the young chicken (fig. 258). Although the space
was designated an apterium, the bundles crossing it were
clearly feather muscles and not apterial muscles. A similar
situation exists in the dorsal midline of the pigeon (p, 459).
Morphologic evidence indicates three types of apteria:
1. Those without smooth muscles and often without down
feathers, for example, the lateral cervical apterium (fig.
256, A).
2. Those crossed by innumerable muscle bundles arranged
in the form of a sheet, often mingled with down feathers, for
example, the lateral pelvic apterium (fig. 257).
3. Those crossed only by typical feather muscles, the
sheets of apterial muscles and down feathers being absent,
for example, the median pelvic apterium (fig. 276).
Scapular apterium.—The scapular apterium begins at the
dashed line shown in figure 256, A, and continues caudally
to the dorsal tract (fig. 257). The anterior end has no apterial
muscles, whereas about midway, apterial muscles make their
appearance in great abundance. They are most numerous
in the space between the humeral tract and the caudal third
of the interscapular tract.
A single row of down feathers extends forward from the
lateral tip of the dorsal tract, lengthwise through the scapular
apterium, dividing it into medial and lateral portions. Although feathers of this row occur consistently, their number
and their arrangement within the row may vary. The follicles
that are typical of down feathers have their muscles arranged
radially (fig. 257).
Lateral pelvic apterium.—A study of apterial musculature
shows continuity of the scapular, lateral body, lateral pelvic,
and lateral caudal apteria (fig, 257). Throughout all of these
featherless spaces, the apterial muscles are large, numerous,
and closely spaced with a corresponding reduction in length
of the elastic tendons uniting them. Down feathers are
present within the apteria. Their muscles, radially oriented,
merge with the parallel bundles in the apteria.
Dorsal body—1 day old
Not only do the tracts have the same shape at 1 day of
age as they have in the adult, but the feather and apterial
musculatures are the same, except for minor differences.

These can be observed by a comparison of figures 257 and
258. In the young chicken as in the adult, there are three
basic directions of rows—anterolateral, posterolateral, and
longitudinal.
The musculature for the 1-day-old chicken shows a shieldshaped area at the anterior end of the pelvic tract (fig. 258).
Within this area the anterolateral rows on one side cross the
midfine and become the posterolateral rows on the opposite
side. The longitudinal rows are weak. Caudal to the shield
the longitudinal rows are strong, but the anterolateral rows
(diagonals) are weak and may be absent.
The dorsal tract has rows in the same three directions as
does the pelvic tract, but the prominence of the rows varies.
At 1 day of age the two dominant directions are longitudinal
and posterolateral (nearly transverse), which is true also in
skin specimens from adults.
The muscles in the lateral body and lateral pelvic apteria
(fig. 258) show characteristics both of apterial and of feather
muscles. They do not form continuous sheets like typical
apterial muscles; nor do they form narrow, rod-shaped
bundles between follicles. Rather, they spread apart into
fusiform-shaped bundles.
Lateral body
Lateral body ¿rac¿.—Distribution of follicles of the lateral
body tract is shown in figures 61 and 63, E, but a drawing
was not included of the rather simple musculature associated
with the tract. The contour feathers are small and their
orientation into rows is irregular. The dominant pattern is a
large number of radiating muscles; when adjacent folHcles
are joined, it is usually done by many very fine muscle
bundles, sometimes bulging laterally, making them fusiformshaped, often barrel-shaped, between folHcles. In another
preparation these bundles between follicles are spread apart
enough to resemble apterial muscles.
Lateral body apterium.—Much of the lateral body lacks
apterial muscles. In figures 257 and 258, they are shown as
present in the dorsal part of the apterium, but beneath the
wing they are largely lacking. Muscles are stiU present adjacent to the pectoral and sternal tracts (fig. 259, A), in the
groin region and, as shown in figure 265, they are present
also immediately anterior to the femoral tract. The preparation from which figure 265, A, was made showed the muscles
along the full length of the anterior border of the tract,
whereas in the preparation that gave us figure 265, 5, the
muscles were present in the dorsal half and absent in the
ventral half. In a third preparation, the muscles were like
those shown in figure 265, A.
Ventral body
Pectoral tract.—The pectoral tract, like the ventral cervical
tract, has two sets of muscles—anterolateral and posterolateral—both well developed (fig. 259, A). Where a tract lies
to one side of the midline, the baseline for the direction of the
row is placed on the medial side of the tract (fig. 259, B).
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258.—Inner surface of the skin of a 1-day-old chicken. The feather musculature differs in two points from that shown
in figure 257 as follows: (1) muscle bundles, heavier than usual, are found in the area labeled "shield of the pelvic tract," and
(2) the muscles of the lateral body and lateral pelvic apteria are intermediate between the organization typical of feather
muscles and of apterial muscles. Single Comb White Leghorn Chicken. Bouin fixation, hematoxylin stain.

FIGURE

Few diagonals are present in either the ventral cervical or in
the pectoral tract. The rows of follicles lie closer and closer
together as they approach the caudal tip of the pectoral
tract. The muscle bundles form squares in the central part
and rhombus-shaped parallelograms toward the caudal end.
All the boundaries for this tract are definite. Between the
pectoral and sternal tracts are scattered semiplumes and
down feathers with muscle fibers radiating from them.
Sternal, medial abdominal, and lateral abdominal tracts.—
Anteriorly the sternal tract is weak and correspondingly,

the musculature is poorly developed except for one row
oriented longitudinally (fig. 259, A and B). Lateral to this
is a weaker longitudinal row. On the medial side are mostly
isolated follicles with many radiating fibers, some of which
make connections with the strong longitudinal rows. Caudally
in the tract, the number of longitudinal rows increases, and
anterolateral and posterolateral rows make their appearance.
These cross at about right angles to each other in the middle
of the sternal tract, and at less than right angles at the
caudal end of the tract.
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Associated with the entire medial abdominal tract, are
many longitudinal rows of muscles. In the muscles and
foUicles in sternal and abdominal tracts the patterns, characteristically, are triangles rather than squares or rectangles,
characteristically, are triangles rather than squares or rectangles. This is because all three rows—anterolateral, posterolateral, and longitudinal—are equally strong.
The follicles lateral to the anterior end of the sternal
tract, namely, in the apterium between sternal and pectoral
tracts, are shown in the diagram (fig. 64, B) as lying in the
rows between the tracts. In the study of interfoUicular
muscles, however, the pattern of rows connecting these small,
scattered follicles was too indefinite to consider them as
having continuity with the rows of either sternal or pectoral
tracts (fig, 259, A). On the other hand, the follicles forming
the lateral abdominal tract are definitely linked by muscles
to the follicles of the medial abdominal tract, and this gives
support to the idea that this group of feathers, at least in
the chicken, forms a tract rather than an apterium, even
though the musculature laterally is not as strongly developed
as it is medially. In another preparation examined, folhcles
were not as closely linked together as illustrated in figure
259, A.
Sternal and medial abdominal apteria.—On much of the
ventral surface of the body, the featherless spaces are packed
with apterial muscles, except in the sternal and in the median
abdominal apteria (fig. 259, A), Transversely oriented apterial
muscles are present at the anterior end of the sternal apterium, but caudally they soon diminish in numbers. Almost
no muscles are present where the apterium is widest; more
are present where the median abdominal apterium narrows
at its caudal end.
Midline—i
—7—Pectoral tract
Anterolateral row-

¿/^Anterolateral row

Posterolateral row-

Posterolateral row

T—T—Longitudinal row
Sternal apterium

Sternal tract

Pectoral apterium
-Anterolateral row

-Posterolateral row

B
FIGURE

259.—Feather muscles of the ventral trunk.

Ay the inner surface of ventral body skin showing feather muscles in
pectoral, sternal, medial abdominal, and lateral abdominal tracts and
the apterial muscles in ventral cervical, pectoral, and sternal apteria.
Single Comb White Leghorn Chicken. Bouin fixation, unstained and
not cleared.
B, some terms used to designate the direction of feather rows. These
terms are applicable to rows in tracts lateral to the midline.
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Tail
Rectrices and dorsal surface of tail.—A smooth musculature
associated with the rectrices and their coverts has not previously been known. The names given to the muscles, therefore, are new; some names indicate the connections made by
the two ends of a muscle, and others, their probable effect on
the feather shafts when contracting.
The only muscle that directly joins two adjacent tail
quills is the rotoretractor of the rectrix (m. retractor rectricis)
(fig. 260). This muscle attaches at the ventral side of the
bulb-end of one follicle and extends caudolaterally at about
a 45° angle to join the dorsal side of the next follicle. The
principal effect of contraction would appear to be a pulling
together of the basal ends of the rectrices, which perhaps
might aid in spreading the shafts of the feathers. Rotation
and retraction occur together due to the fact that one attachment is on the ventral side of a follicle, and the adjacent
attachment is on the dorsal side of the next follicle.
The rotoretractor muscle of the upper major tail coverts
(m. rotoretractor tectricis caudalis majoris superioris) has the
same morphology as the rotoretractor of the rectrix; the
medial end is attached to the ventral side of one follicle and
the^ lateral end is attached to the dorsal side of the next
follicle lateral to it. In passing from a medial to a lateral
follicle, the muscles course caudolaterally at about 45"^. We
assume that the actions on the upper major coverts are the
same as the corresponding muscles acting on the rectrices.
The upper major coverts are united by a second set of
muscles, each one named the retractor of the upper major
tail covert (m. retractor tectricis caudalis majoris superioris).
The muscle passes from the lateral side of one follicle to the
medial side of the next. The points of attachment offer no
evidence that rotation would occur during contraction.
A third set of muscles is attached to the upper major
coverts. Located at the distal ends of the follicle, these
muscles join the coverts and rectrices. Each has been given
the name, upper rectrocovert muscle (m. rectrotectricis
superior). A pair arises from the ventral side of each major
covert, and each muscle of the pair passes directly to the
dorsal side of an adjacent rectrix. The muscles are short and
probably serve a tensor function in maintaining the proper

placement of major coverts to rectrices.
A similar arrangement of muscles joins upper median and
upper major tail coverts. Each of these has been named
majoromedian muscle of upper tail covert (m. majoromedius
tectricis caudalis superioris). A pair arises from the ventral
surface of each upper medial tail covert; they straddle the
space between two adjacent major coverts and attach to the
dorsal surfaces of the coverts.
Anterior to the muscles just described are two sets of
rotoretractors, which involve only the medial tail coverts.
Each of one set has been named the anterior rotoretractor
muscle of the upper median tail covert (m. rotoretractor
anterior tectricis caudalis medianae superioris). The anterior
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260.—Outer surface of dorsal skin from the right half of the tail, showing the muscles between coverts and between
upper major coverts and rectrices. The middle portions of three upper medial tail coverts were removed to show all the muscles.
A portion of the musculature of the dorsal caudal tract is included as well as some of the apterial muscles in the lateral
caudal apterium. Single Comb White Leghorn Chicken. Bouin fixation, hematoxylin stain.

FIGURE

muscle arises on the dorsal side of the median tail covert and
passes laterally to end on the ventral side of the next lateral
upper median tail covert. The posterior muscle (m. rotoretractor posterior tectricis caudalis medianae superioris)
arises on the ventral side of a median covert, passes laterally,
and ends on the dorsal side of the next covert. The rotating
actions of the anterior and posterior muscles, therefore, are
antagonistic.
Muscles join the follicles of the dorsal caudal tract at the
bulb ends of the upper median coverts. These are shown in
part in figure 260. Lateral to these muscles are apterial
muscles that cross the anterior part of the lateral caudal
apterium. These apterial muscles merge with those of the

lateral pelvic apterium and contribute to the dense bundle
forming the tensor muscle of the femoral tract (fig. 265, A).
Rectrices and ventral surface of tail.—The muscles attached
to the coverts on the under surface of the tail in part function
like those on the dorsal surface, and in part they have different actions. Some new functions are abduction and adduction
(fig. 261). The adductors and abductors are muscles that
stretch diagonally between the middle of one follicle and the
basal end of an adjacent follicle. When the basal end of a
follicle is pulled laterally, its projecting feather swings in the
opposite direction, namely toward the midline of the tail.
The muscle effecting this action has been named an adductor;
the muscle having an opposing action is an abductor.
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The under rectrocovert muscle (m. rectrotectricis inferior)
located at the outer end of an under major covert and rectrix
has the same morphology as the corresponding muscle on
the dorsal side of the tail. Immediately adjacent to these are
retractor muscles of the under major tail coverts (m. retractor
tectricis caudalis majoris inferioris). Each muscle joins the
lateral surfaces of two adjacent follicles and forms a slightly
curved row.
Attached to the basal half of each under major covert are
two muscles that cross. One, the abductor of the major under
tail covert (m. abductor tectricis caudalis majoris inferioris),
arises from the midlateral surface of one follicle and extends
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anteriorly to insert near the bulb on the dorsal side of the
next laterally located follicle. Assuming that the outer ends
of the follicles of the under major rectrices are held relatively
immobile by the under rectrocovert muscles, then the opposite or basal ends would have the greatest latitude for movement. Therefore, the basal ends are assumed to carry the
insertions, and the middle parts, the origins of both abductors and adductors.
The adductor of the under major tail covert (m. adductor
tectricis caudalis majoris inferioris) crosses the abductor at
about right angles (fig. 261). It originates on the dorsomedial
surface of a laterally located follicle, and it inserts on the
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261.—Outer surface of the ventral skin of the left half of the tail, showing the muscles between under coverts and
between under major coverts and rectrices. Musculatures are included for part of the cloacal circlet, the ventral caudal tract,
apterial muscles in the lateral caudal apterium, and an apterial rosette in the midventral tail. Single Comb White Leghorn
Chicken. Bouin fixation, hematoxylin stain. Abbreviation: mm., muscles.
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dorsomedial surface of the bulb of a medially located follicle.
The musculature of the under medial tail coverts duplicates
that of the under major coverts; abductor muscles are absent.
The following are present: (1) majoromedian muscle of the
under tail covert (m. majoromedialis tectricis caudalis inférions) j (2) retractor muscle of under median tail covert
(m. retractor tectricis caudalis medialis inferioris), mid (3)
adductor of under median tail covert (m. adductor tectricis
caudalis medialis inferioris).
The third row, which consists of about five feathers, can be
considered to be the under minor tail coverts, or as shown in
figure 261, as part of the ventral caudal tract. However, the
pattern of musculature suggests that this third row of feathers
should be named ''under minor tail coverts.'' Muscle bundles
connect the follicle bulbs of the under median coverts and the
follicles of the under minor tail coverts. Each median covert
supplies muscles to two minor coverts, and each minor covert
supplies muscles to two median coverts. Essentially, these
muscles form the two sides of a parallelogram with a diagonal
joining opposite corners.. For this reason, no name has been
given to these muscles. The retractors between adjacent
under minor coverts could be considered as forming one of
the two short sides of the parallelogram, and the retractor
of the under median tail covert as forming the other short
side. If proximal and distal retractors acted simultaneously,
they would tend to pull the two rows of tail coverts closer
together.
No abductors, adductors, or rotators are attached to the
remaining follicles of the ventral caudal tract. Instead,
typical feather muscles extend between the bulbs of the most
distal row (the under minor coverts) and the collar ends of
the next proximal row. The retractor muscles have been
mentioned in the previous paragraph. From the basal ends
of the three follicles constituting the most proximal row of
the ventral caudal tract, short bundles arise and merge into
the apterial muscles crossing the ventral caudal apterium.
The cloacal circlet, composed of two rows of small feathers,
has its follicles joined together by muscles making a regular
pattern of parallelograms.
The arrangement of the apterial muscles suggests something of their function. Medial to the abductors and adductors of the under major tail coverts are muscles that converge
to a center on the midventral surface of the tail and have
been named the rosette of apterial muscles (rosida musculi
apterialis). Only a few bundles in the rosette arise from the
under medial tail coverts, but there are many from the
under caudal tract, which include those from the under
minor tail coverts. The muscles of the rosette are particularly
well developed and are separated from other muscles and
from feathers; they should provide particularly favorable
material for physiological studies. Their connections with
the foUicles (fig. 261) would make it appear that they serve
as an anchor to the action of abductors, adductors, and
retractors.
Apterial muscles in the lateral caudal apterium are so
located as to provide a tensor effect on the lateral ends of the
feather rows. Muscles from the angle of the cloacal lips join

those coming from the feathers and together with additional
bundles from the lateral pelvic apterium converge toward
the infracaudal margin of the pelvic tract. As shown in
figure 265, A, they lie adjacent to the tensor muscle of the
femoral tract on its distal side.
Dorsal wing
Humeral Tract.—The pattern of crisscrossing rows of
folhcles, schematically represented in figure 63, F, duplicates
almost exactly the pattern of feather muscles in figure 262, A.
The humeral tract is strong and the feathers are large, especially near the caudal margin of the tract, therefore it is not
surprising that the feather muscles are composed of several
bundles and have a pattern of squares. Toward the anterior
end of the tract, where the feathers are of intermediate size,
small diagonals are present across the quadrilaterals formed
by the muscle bundles. At the extreme anterior edge where
the feathers are smallest, the pattern changes to triangles.
The seeming efi'ect of triangles rather than squares is due
to the fact that diagonals have become as dominant as the
bundles that make up the four sides.
Posthumeral tract.—The rows of feathers belonging to the
posthumeral tract occupy the caudal margin of the upper
arm between the last secondary and the edge of the humeral
tract. Some feathers of this tract are medium in size, but
most of them are small; therefore, it is not surprising that
the strength of the muscle bundles is variable within the
tract. Most of the feather muscles are arranged to form
triangles (fig. 262, A), a characteristic often associated with
a weak tract or small feathers. Some muscles span the space
between follicles uninterrupted by elastic tendons; other
muscles are broken into a series of short segments by a
number of such tendons. Frequently, one row of the posthumeral tract may be found on the ventral surface of the
wing.
Upper marginal coverts of prepatagium.—The marginal
coverts of the prepatagium located on the upper arm and
forearm constitute an extensive tract with a wide range in
feather size. Therefore, the description of the musculature
must be divided into several parts:
1. The feather musculature adjacent to the bases of the
secondary remiges and near the central part of the prepatagium is well developed ; the intersecting of the rows produces
definite squares or diamonds almost entirely without diagonals (fig. 262, A). The rows extend in two directions,
anteroposterior and anterodistal.^
2. The feather muscles in the midregion of the prepatagium are sometimes radially arranged around isolated
follicles, but generally follicles are joined together by slender
muscle bundles that in some instances are interrupted
1 The naming of the direction of rows on the wing has followed the
diagram shown in figure 262, B. Most rows are anterodistal {ordo anterocUstalis) or posterodistal {ordo posterodistaUs), but some are anteroposterior {ordo anteroposteriorialis) and others, proximodistal {ordo
proxiînodistalîs).
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several times by elastic tendons. Usually there is sufficient
musculature to maintain a pattern of curved rows crossing at
about a 60° angle to produce diamond-shaped enclosures. This
agrees with the follicle arrangement shown in figure 68, page
118. The anteroposterior rows of muscles are much stronger
than the proximodistal rows. The same situation is present
in the turkey.
3. Along the leading edge of the wing, the feathers are
short and stiff and are directed toward the tip of the wing.
The number of folKcles shown in figure 262, A, is not as great
as the number illustrated in figure 68, nor are they set closely
in wide-apart rows. Probably the technique used to reveal
the muscles is at fault. From the muscles that were observed,
triangles evidently form the dominant pattern, which, as
mentioned before, is a characteristic often associated with
closely placed, small feathers.

4. The musculature in the proximal part of the upper
marginal coverts is loosely organized. Some follicles are
linked together by thin muscle bundles, but most of them
stand apart, surrounded by radial-type muscles.
Upper secondary coverts.—The feather musculature in the
area of the secondary remiges interconnects only those
coverts located near the basal ends of the remex follicles.
Figure 263, A, shows four rows of secondary coverts in the
forearm; these are the upper major, median, and minor
secondary coverts, and the most posterior row of upper
marginal coverts of the prepatagium. Quadrilaterals are
formed by muscles oriented anteroposteriorly and crossed by
other rows oriented nearly parallel to the edge of the wing.
Diagonal muscles are absent between the rows joining upper
marginal coverts of the prepatagium and the upper minor
secondary coverts. Diagonals are present, however, joining
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262.—Feamer muscles of the wing.

A, the inner surface of the dorsal skin of the left wing, showing
humeral and posthumeral tracts and those of the forearm and hand
and the apterial muscles in the scapular apterium. Some coverts and
down feathers on the dorsal surface of the wing are indicated by dotted
lines. The area enclosed by lines is shown in detail in figure 263. Single

Comb White Leghorn Chicken. Bouin fixation, unstained and not
cleared.
B, some terms used to designate the direction of feather rows on the
dorsal and ventral surfaces of the wing.
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263.—Inner surface of the dorsal skin from the area bounded by lines in figure 262, but from the right wing. Single
Comb White Leghorn Chicken. Bouin fixation, hematoxylin stain.

A, the details of musculature that move the remiges and some of
their coverts are shown. The upper major and median coverts that he
on the dorsal side of the remiges are represented by dotted lines. The
under coverts have been omitted. The rotoretractors of the secondaries
lie at the basal ends of these follicles. Musculature to dorsal down
feathers has not been included because some examples of their

musculature are shown in figure 262; musculature to ventral down
feathers is shown in figure 264.
B, an end view of two remiges foreshortened to show that the rotator
muscles pass from the dorsal side of one follicle to the ventral side of
the next follicle and that the retractor is a more direct muscle between
follicles.

the remiges to the upper minor coverts. The attachments of
these muscles are on the dorsal side of the remex, but the
exact level of attachment to the follicle of minor coverts was
not determined.
Interfollicular muscles, each a rotoretractor of a secondary
remex (m. rotoretractor remigis secundi et tedricis superioris),
have a dual origin: (1) from the dorsal surface of a remex
follicle, and (2) from an upper median secondary covert.
The fascicles from the muscle pass between the follicle of a
secondary remex and that of a median covert. Bundles from
both points of origin merge into a massive muscle that curves
ventrally to attach in a circular disk on the ventral surface of
the next distally adjacent remex. The origin on the dorsal side
of the proximal follicle and the insertion on the ventral side of
the next follicle, structurally, should bring about a rotation.
It is possible that the diagonals between remiges and upper

minor coverts, first row, might have some action opposing the
movement of the rotators, at least they might act to refine
the actions of the rotoretractors. The retraction action would
be simply a pulling together of the basal ends of the remex
follicles.
No muscles are attached to the upper major secondary
coverts. A few muscles are attached to upper and to under
proximal and distal secondary down feathers. What could
be observed of these was included in figure 262, A, but
omitted from figure 263, A. On the dorsal surface of the hand,
muscle connections were observed that consisted of long
bundles reaching from distal to proximal down feathers and
from the latter anteriorly to the upper median primary
coverts. Obviously many details of this delicate musculature still remain to be discovered.
Carpal area.—The first feather of the upper minor pri-
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mary coverts, second row, stands apart from the other minor
coverts of the hand. It is united by muscles to the upper
minor carpal covert and to the upper median carpal covert.
A study of musculature indicates that the carpal remex
has three upper coverts—^major, median, and minor. A very
short, broad muscle joins the carpal remex to the first upper
median primary covert. Because the muscle lies dorsal to
the follicle of the first primary, it is shown by dotted lines in
figure 263, A. An anteroposterior row of muscles joins the
carpal remex with its coverts. A diagonal muscle curved
toward the secondaries links the upper major carpal covert
with the first upper median secondary covert. A proximodistally oriented muscle joins the upper median carpal covert
with the first upper median secondary covert. Parallel and
anterior to this, a muscle unites the upper minor carpal
covert with the first upper minor secondary covert, first row.
In the opposite direction (namely, toward the band), both
the upper median and upper minor carpal coverts are united
by muscles to the first upper minor primary covert, second
row.
The carpal remex bears muscle bundle groups arranged
at right angles to one another. The anteroposterior bundles
unite the carpal remex with the upper major carpal covert.
The proximodistal bundles, namely, the retractors of the
upper median primary covert, attach to the distal lateral
surface of the carpal remex follicle. *
Upper marginal coverts and upper minor coverts of hand.—
As shown in the pterylosis of the tract (fig. 69, p. 119), there
are only a few feathers in this group. It is hard to conceive of
much movement in these short, stiff feathers along the
leading edge of the hand, but they have a fully developed
musculature (fig. 262, A),
The preparation used in making figure 262, A, failed to
show all of the smooth muscles of the upper surface of the
hand. It did demonstrate that the musculature for the two
rows of upper minor primary coverts merges into that of the
upper marginal coverts. The pattern is typical for each area:
1. Among the marginal coverts, flattened diamonds are
common.
2. Squares and nearly square parallelograms are characteristic of the minor covert rows.
Upper median primary coverts.—The first follicle of each
row of upper minor primary coverts is linked directly to the
first upper median primary covert, thereby forming an
obtuse triangle (fig. 263, A). This covert in turn is firmly
attached to the follicle of the first primary remex. The
second primary remex does not have an upper median
covert; the muscle (retractor of upper median primary
covert) therefore passes across the dorsal surface of this
remex to attach to the third upper median primary covert.
Primary remiges and upper median coverts.—At the collar
end of the remex follicles are three flat sheets of muscle
(fig. 263, A)—the rotator of the primary remex anterior part
(m. rotator remigis primi pars anterior), the rotator of the
primary remex posterior part (m. rotator remigis primi pars
posterior) j and the retractor of the primary remex (m. retractor
remigis primi). To our knowledge, this is the first time these
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muscles have been described. The Latin and Enghsh names
applied to them are new. We have used stained w^hole mounts
and sections to determine that these are smooth muscles and
not ligaments. These muscles exist only between primaries
and not between secondaries. The ends of all the muscles are
closely grouped on the dorsal side of the proximal remex and
spread apart as they extend toward their attachments on the
distal remex. The locations of these attachments are shown
in figure 263, B. The name ^'rotators'^ was given to these
muscles because it seemed probable that their chief function
w^as to roll the primaries around their long axes.
Between the anterior and the posterior rotators is a considerably smaller muscle, which arises also on the dorsal
surface of the proximal remex but attaches to the lateral
surface of the distal remex. It might have some rotatory
action on the proximal follicle, but it could have only a traction effect on the distal folHcle. If these rotator and retractor
muscles are involved in rotating the primaries during flight,
they must act with each wingbeat, which would make their
rate of contraction high for smooth muscle. If these muscles
are rotators and move the feathers in one direction, antagonists should be there to move them in the opposite direction, but no muscles were found that could have this function.
A hgament joins the remiges across their ventral surfaces,
but it is difficult to conceive of a ligament as an effective
antagonist to a muscle contracting at high frequency. The
antagonist might be the pressure of air against the feather
surface. Studies on the physiology of these muscles are
clearly needed.
No muscles were found attached to the upper major
primary coverts. These follicles are closely bound to the
remiges by connective tissue with no latitude for movement.
The upper median primary coverts are joined to one another
by a retractor muscle (m. retractor tectricis medianae primae
superioris).
Ventral wing
Under surface of upper arm.—Two groups of feathers and
muscles are on the ventral surface of the upper arm; First,
a single row that is part of the posthumeral tract (the other
two rows of this tract lie on the dorsal surface and have been
described on page 432) and second, an elongated group, the
subhumeral tract (fig. 264).
The musculature of the post humerais is well developed,
although a geometric pattern is lacking. The dominant
direction of individual muscle bundles is posteriad; the
muscles curve around the edge of the wing to join the follicles
on the dorsal surface. In figure 262, A, the skin was cut in
such a way that muscles passing around the trailing edge of
the dorsal surface could not be included in this drawing, but
dissections that were made showed that muscles were
present. The bundles are numerous, spread apart like a fan,
and resemble the arrangement of apterial muscles in that the
fascicles are frequently interrupted by elastic tendons. A few
muscle bundles link folhcles together in the same row.
Anteriorly other muscles extend to unite with some of the
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264.—Inner surface of the ventral skin from the right wing, showing posthumeral and subhumeral tracts and tracts
of the forearm and hand. It was not possible to observe the complete musculature to all of the down feathers and coverts.
Only the observed muscles are included in the drawing. Single Comb White Leghorn Chicken. Bouin fixation, hematoxylin
stain.

FIGURE

down feather follicles in the subhumeral apterium. Still
other muscles are isolated by having a radial arrangement
of muscles around their follicles. The subhumeral, cubital,
and prepatagial apteria are devoid of apterial muscles.
The musculature of the subhumeral tract is largely of the
radial type. Some follicles are linked together by muscles
having proximodistal orientation. Follicles forming some
rows are large, whereas in other rows the follicles are
small and merged with the down feathers of the under
prepatagial apterium.
Under surface of forearm.—The under marginal coverts of
the prepatagium are limited to a narrow band of closely
placed feathers near the leading edge of the wing. The
musculature, basically, is composed of four-sided figures, but
these are crossed by one or more diagonals (fig. 264). The
muscles are so crowded that their individual boundaries are
not distinct. Posterior to the under marginal coverts is the
under prepatagial apterium, which contains two rows of down
feathers with radial-type musculature. The two rows on the
under surface of the antibrachium have the same relative
position as the equivalent two rows on the under surface of
the brachium.
Some follicles of the under forearm tract are united by
muscle bundles, but others show the radial organization
typical of small contour feathers and of down feathers.
The first and second rows of under minor secondary
coverts are well defined by the musculature joining the
follicles, and the pattern is a mixture of quadrilaterals and
triangles. Anterodistal, proximodistal, and posterodistal rows
are about equally well developed (fig. 264). Near the carpal
region is a bundle of muscle uniting an under minor second-

ary covert with follicles at the base of digit II. Figure 264
illustrates only those muscles that could be observed without making special dissections. Detailed study of small
portions of skin would undoubtedly have revealed more
muscles than are shown here.
Under surface of wrist and hand.—Beginning at the wrist,
the musculature of the under marginal coverts is moderately
complete. Two rows, each follicle of which is linked by a
single row of muscles, are present on the under surface of
digit II; one row joins together the under marginal coverts
of digit II, and the other joins together the under alular
coverts.
In the carpal portion of the postpatagium, two muscle
bundles are shown—one from the first under major primary
covert (not labeled in fig. 264; see fig. 70, p. 118) and one
from the under major carpal covert. Both muscles converge
toward the under minor carpal covert.
Along the margin of digit III is a single row of under
marginal coverts of the hand. A well-developed musculature
extends parallel to the edge of the wing. Posterior to this
row, the muscles in the anteroposterior direction cross the
adjacent under hand apteria. Then two rows of folhcles,
which form the under hand tract, follow close together. These
follicles are joined by a moderately strong musculature
proximodistally oriented. In addition, long bundles cross the
more caudal of the two under hand apteria. These are joined
to the follicles of the under minor primary coverts. The latter
follicles are united by a proximodistally oriented musculature.
Other bundles are directed caudally toward the under major
primary coverts. Only some of these muscles are shown in
figure 264.
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Posterior appendage
Femoral tract.—The thigh has only one feather tract, the
femoral tract, which is surrounded by apteria. The tract
is approximately triangular, with dorsal, anterior, and infracaudal margins. This tract offers particularly favorable
material for study of the feather musculature ; the skin is thin,
the striated dermal muscle (m. pedoralis ahdominalis) is
close to the knee and out of the way, and the subcutaneous
fat is minimal. The pattern of muscles, particularly at the
center of the tract, has the form of squares (figs. 265, A and
B). The directional names, anterodistal and posterodistal,
as applied to the feather rows (fig. 265, C), are equivalent to
those used for the wing (fig. 262, B). The pattern of squares
portrays clearly the general basic design for feather musculature. It can be apphed in principle to feathers in all parts of
the body. The femoral tract has been the area of choice for
the study of terminal nerves (Tetzlaff et al., 1965) and of
capillaries in the skin (Peterson et al., 1965) as well as for
our own studies on the histologj^ of skin, on the growth of
feathers, and for the study of major blood vessels and nerves.
Figure 64, C, page 112, shows that irregularities are
present in the direction of muscle rows, but that these are
not the same in all specimens. For example, in figure 265, A,
the pattern in the upper third of the tract is different from
that shown in figure 265, B, where the pattern is nearly
uniform throughout. Both specimens had a few diagonals,
some of which were composed of single muscle bundles that
reached from corner to corner, whereas others were composed
of bundles interrupted by elastic tendons.
The greatest distortion of the squares lies along the infracaudal margin. For some unknown reason the posterodistal rows are pushed together in this area (figs. 64, C,
and 265, A). The musculature may retain the pattern
of irregularly shaped quadrilaterals, but closely placed
follicles are joined by numerous and exceptionally large
muscle bundles that form part of the tensor muscle of the
femoral tract. This muscle will be described in the following
section.
Apteria of thigh.—A strong musculature crosses the lateral
pelvic apterium (figs. 265, A and B). The fiber direction is at
right angles to the body axis. The smooth muscles are interrupted by many elastic tendons. Retry (1951: 525) credits
Nagel with the term ^Hnscriptiones elasticae^^ for these tendons. Nagel (1938), however, in his description of elásticomuscular systems of smooth muscles in the esophagus of man,
was dealing with morphological relationships that are quite
different from those found in the elástico-muscular systems
of avian apterial muscles; therefore, it seems inappropriate to use the same term for both. We shall continue to
refer to each apterial tendon as an elastic tendon of the
apterial muscle {t. elástica musculi apterialis).
The muscles in the caudal part of the lateral pelvic apterium lie closer together and are more robust than in the
remainder of this apterium. They have a fan-shaped arrangement, and the pivot of the fan represents a concentration of
of bundles toward the supracaudal corner of the tract where
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the fascicles converge to a dense cord. This cord is attached
to the follicles of the infracaudal margin. The cord is distinguishable over only about the dorsal half of the margin.
This concentration of apterial and feather muscles is much
more strikingly demonstrated in the turkey (fig. 268) than
in the chicken but was found in all domestic species examined.
In view of the constancy of its occurrence, this group of
muscles in the pelvic apterium and along the infracaudal
margin has been named ^^the tensor muscle of the femoral
tract^^ (m. tensor pterylae femoralis). The question might be
raised as to whether this is a tensor or an elevator muscle of
the femoral tract. Because apterial muscles are considered
generally to serve as reducing the ñaccidity of the skin, v/e
suggest that this tensor muscle of the femoral tract acts to
reduce the droop of feathers where weight pulls downward
on the infracaudal margin. However, in a preliminary experiment, which involved transecting this muscle at the supracaudal angle of the femoral tract, no drooping of feathers was
observed, either immediately after recovery from the anesthetic or 5 days later. Additional experiments are needed.
A strong apterial musculature reaches from the anterior
margin of the femoral tract into the lateral body apterium
(figs. 265, A and B). These bundles are oriented parallel to
the anteroposterior axis of the body. A vertical row of
down feathers may be present among the muscles of the
lateral body apterium. The radiating muscles of these follicles
become part of the apterial musculature.
Posterior to the infracaudal margin, the apterial muscles
are abundant at the two ends but are absent from the middle
of the apterium (figs. 265, A and B). At the upper end of
this margin, just below the tensor muscle of the femoral
tract, the apterial muscles bend toward the lateral surface of
the abdomen and become confluent with those of the lateral
caudal apterium (figs. 261 and 265, A). At the lower end of
the infracaudal margin the apterial muscles are directed
downward and merge with the feather muscles of the crural
tract.
Crural tract.—The feathers on the shank form a moderately
strong tract on the anterior and posterior margins and on the
lateral surface, but on the medial surface the tract is weak
and merges into the intracrural apterium. However, no
natural separations justify dividing this tract into two
parts—external and internal. The continuity of the tract on
all surfaces of the lower leg has been confirmed by the study
of feather musculature (fig. 266, A), Drawings in figures 266,
A and B, were made from different specimens. They illustrate some measure of the variability among individuals.
The feather musculature on the lateral face of the shank,
when schematized (the red fines on fig. 266, B), shows two
sets of curved rows that cross each other at about 90° angles
or a little less. These are the anterodistal and posterodistal
rows diagramed in figure 265, C, for the femoral tract but
equally applicable to the crural tract. Such irregularities,
as short rows, extra rows, or rows that drop out, made it
possible, in spite of the decreasing width of the tract in a
distal direction, to maintain the ^^square^^ to slightly diamond-shaped pattern of musculature. This was true even
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close to the scales at the hock joint. The feather muscles
terminate abruptly where the scales begin.
On the medial surface of the shank the pattern of squares
becomes irregular (fig. 266, A). The muscles are thin and
are extensively broken by elastic muscles into short units.
Near the vertical median line on the inner surface, many
follicles become isolated from those adjacent to them, and
the musculature shows the radial symmetry, which is a
pattern characteristic of down feathers and small semiplumes.
Apteria of crus.—On each side of the incision along the
medial face of the leg (fig. 266, A) is an irregular muscula-

-Tensor muscle of femoral tract
-Posterosuperior angle
- Apterial muscles radiating toward
lateral caudal apterium

ture across the intracrural apterium called the crural apterium. Most of these muscle bimdles and their many
elastic tendons are oriented vertically. Among these are
scattered follicles of down feathers with radiating muscles.

Turkey
The skin of a full grown turkey is large and thick. It is
not suitable for making stained and cleared whole mounts;
therefore, the musculature of feather tracts and featherless
spaces was studied in poults about 2 months of age. Relatively few illustrations of feather and apterial musculature
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265.—Feather and apterial muscles of the skin covering the thigh.

A, inner surface of the skin that covers the thigh of the left
showing muscles of the femoral tract and of parts of the pelvic
crural tracts; apterial muscles of the lateral pelvic, lateral body,
crural apteria are also included. Compare this drawing with
photograph in figure 265, B.

leg,
and
and
the

B, inner surface of skin from another specimen but of the area like that
shown in figure 265, A. The clear spaces between the apterial muscles
are occupied by elastic tendons. Veins were injected with carbon.
Neurovascular triads are shown by asterisks as follows: *, dorsocentral; **, midinfracaudal; and ***, dorsocaudal.
C, some terms used to designate the direction of feather rows.
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for the turkey, coturnix, duck, and pigeon have been included; these illustrations chiefly show certain points of
difference between these and the chicken. In most cases, the
text should be read by referring to the figures for the chicken.

Head and neck
Head.—Technical difficulties prevented the authors from
obtaining a clear view of the musculature around the bristle
feathers on the head. When the connective tissues were dis-
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sected away, it was apparent that the musculature plan for
these small, widely scattered bristle feathers is similar to
that found among contour feathers. Muscles arrange themselves to form quadrilaterals, but the arrangement is not as
regular as that associated with large follicles. However, they
are sufñciently well developed that movements of bristle
feathers can probably occur. To make certain that the
follicles of bristle feathers had a musculature, sections of
skin from the head of the turkey were examined under the
microscope, and there again muscles were observed.
Dorsal cervical tract, junction loith interscaipular tract; lateral

cervical apterium.—On the young, live bird, the skin of the
head and dorsal neck bears small, inconspicuous feathers
and bristles without the fleshiness and carunculous character
of the older bird. The follicles are close together, and the
muscle bundles in the dorsal cervical tract are well developed
but much less so than those of hackle feathers in the chicken.
Lateral to this, the follicles are farther apart and the musculature is delicate. In both the strong and the weak parts of
the dorsal cervical tract, the dominant rows begin at the
midline and swing posterolaterally. In the chicken, the
anterolateral rows are dominant; this is a point of difference

Crural apterium

Intracrural apterium

Crural tract

FIGURE

266.—Crural tract. Single Comb White Leghorn Chicken.

A, feather and apterial muscles viewed from the inner surface of the
skin. The anterior margin of the crus, A and A', and the posterior
margin, B and B', on the small insert drawing to the right, correspond
to the same labels on the spread-out skin. Boin fixation unstained
and not cleared.

B, the red lines accentuate the basic plan of the crisscrossing muscle
rows for the crural tract. Both figures, A and B, show how the pattern
is modified when there is a transition in number of rows. Boin fixation hematoxylin stain.

GROSS MORPHOLOGY—CHICKEN
between the feather musculature of the chicken and the
turkey. In the turkey the anterolateral rows are dehcate.
Longitudinal rows of muscles are absent.
In the chicken, the dorsal cervical and interscapular were
clearly two separate tracts, but in the turkey, as well as in
coturnix, domestic duck, and Common Pigeon, continuity
between the two is uninterrupted, as may be seen in the
pterylosis illustrations (figs. 73, p. 122; 80, p. 130; 88, p. 141;
and 95, p. 149). In spite of the continuity between the dorsal
cervical and interscapular tracts, the latter term has persisted
in the literature, for example, Boulton, 1927; Burt, 1929;
Humphrey and Putsch, 1958; and Humphrey and Clark,
1961.
When discussing the feather musculature on the dorsal
neck of the duck (p. 450), we noted that the follicles and
rows were close together in the upper third of the neck and
both were widely spaced farther down the neck. We suggested
that perhaps the interscapular tract can begin high on the
neck instead of at the shoulder level. Compton (1938) indi-

Intracrural apterium
B

B
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cated two different sizes of follicles on the dorsal neck of
the Red-tailed Hawk (Buteo jamaicensis). The transition fell
just anterior to the shoulder level. The same was true for the
Prairie Falcon {Falco mexicanus) and the Osprey (Pandion
haliaetus). We made a suggestion concerning the feather
musculature of the young turkey that was similar to our
suggestion involving the placement of the interscapular
tract. In the extreme cephalic part of the neck, the dorsal
cervical tract is weak, but at the level of the lateral cervical
apterium, the tract becomes well developed and the muscularity increases to the caudal end of the interscapular tract.
If all except that portion near the head is interscapular, then
this tract in the turkey, like that in the duck, is about twice
as long as the dorsal cervical tract. We discuss this topic
again where we describe the dorsal cervical tract of the
pigeon (p. 457 and fig. 275).
Typical apterial muscles are absent from the entire lateral
cervical apterium; however, long slender bands radiate from
the follicles of down feathers, and many of them join adjacent
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contour feathers. At the anterior end of the apterium, the
follicles are close together, but caudally they are far apart,
and the slender muscles between them are exceptionally long.
Three layers of subcutaneous striated muscles encircle the
neck; they have the same arrangement as in the chicken.
Ventral cervical tract; ventral cervical apterium.—The ventral
cervical tract in the carunculous part of the neck lacks a
ventral cervical apterium. The miniature contour and
bristle feathers are closely placed; they are randomly distributed, some close together, others far apart, and they fail
entirely to form a geometrical pattern. The musculature corresponds to this random arrangement by forming practically
no connections between adjacent follicles; also, the muscles
are not arranged in rows. The muscles that are present
radiate around the follicle and extend outward short distances. A few small bundles may join adjacent follicles.
The random distribution of these follicles and muscle
bundles presents a striking contrast to the equally small
folhcles of the dorsal cervical tract. The muscles of the
dorsal cervical tract, although weak, do form a pattern of
intersecting rows. On both the dorsal and ventral sides of
the neck, follicles are present within the carunculate skin
area, so the character of the skin probably is not responsible
for the lack of pattern of the ventral cervical tract in its
anterior part.
The caudal part of the ventral cervical tract lies on each
side of the ventral cervical apterium, and from its beginning
it is a strong tract. At the shoulder region where the tract is
broadest, it continues without interruption as the pectoral
tract to the ventral side of the trunk. The muscular pattern
here is a crisscrossing of anterolateral and posterolateral
rows. The few diagonals present have a longitudinal orientation. At the anterior end of this paired, strong tract, the
anterolateral and posterolateral muscle rows are about
equally well developed, but opposite the cervical patagium,
the posterolateral rows are weak. These cross anterolateral
rows are still robust in this area. Diagonals are moderately numerous but are not prominent enough to establish
longitudinal rows,
Down feathers lie in the ventral cervical apterium, and
muscles radiate from these feathers to the follicles of adjacent contour feathers. No true apterial muscles were observed; therefore, it was concluded that this is the type of
apterium formed by separation of folhcles along the midventral line.
Dorsal and lateral body
Inter scapular, dorsopelvic, and lateral body tracts; interscapular, scapular, and dorsal and lateral body apteria,—The
interscapular tract for the turkey is forked, and Ues on each
side of an interscapular apterium. The dominant direction
for the rows is posterolateral. These are crossed by the anterolateral rows. In the angle between some of these rows are
delicate longitudinal bundles that form the diagonals arranged in the long axis of each rhombus. The follicles on each
side of the interscapular apterium are joined by muscle

bundles across the apterium. Typical sheets of apterial
muscles are absent* therefore, this apterium is the type
formed by a longitudinal separation of rows.
An unnamed apterium peculiar to the adult turkey Hes
transversely between the interscapular and dorsal tracts. In
this location, feather muscles rather than apterial muscles
cross this space and are oriented longitudinally. In skin from
a poult, this small transverse apterium was hardly apparent
because the dorsal tract began immediately caudal to the
interscapular tract.
Examination of feather musculature clearly shows a wide
dorsal tract and a narrow pelvic tract. In fact, the pelvic tract
was narrower than had been indicated in the pterylosis study,
and, as a corollary, the lateral pelvic apteria were somewhat
wider than shown in figures 73, page 122, and 74.
A superficial examination of the musculature for the dorsopelvic tract suggested that the posterolateral rows were more
prominent than the longitudinal rows, but when looked at
closely, the difference in magnitude was apparently false
and was caused by the folhcles lying on top of the muscles that
form the posterolateral rows. Actually, the musculature for
posterolateral and longitudinal rows is about equally strong,
the anterolateral rows being slightly less robust. In the
chicken the variously shaped parallelograms were produced
by the crossing of the two laterally directed rows, and the
longitudinals w^ere identified as diagonals. In the turkey,
however, the anterolaterals are somewhat weaker and the
tendency is to regard them as diagonals. There is no objection to doing this. Generally, the two strongest sets of rows
are regarded as forming the boundaries of the quadrilaterals
and the weakest set, as forming diagonals. In the dorsopelvic
tract, all rows, regardless of direction, appear to be nearly
equally well developed, and the term ''diagonal" has no
real significance. This was indicated by Langley (1904) in the
handling of the description for his figure 4.
The scapular apterium is a caudal continuation of the
lateral cervical apterium. Like the lateral cervical apterium,
it also has widely scattered down feathers with muscles
radiating from the folhcles. Only a few of these muscles
extend to adjacent follicles.
Lateral and immediately adjacent to the dorsal tract, the
down feather follicles are united by slender muscles, retaining
in part longitudinal and transverse rows. Farther into the
lateral body apterium the follicles lose much of their musculature, retaining only a few radiating fascicles. The feather
muscles at the edge of the dorsal tract near its caudal end
transform rather abruptly to apterial muscles that are spread
into a thin, continuous sheet filling the portion of the lateral
body apterium immediately anterior to the femoral tract.
Muscles are present also in the lateral body tract. The
pterylosis drawing indicated that a considerable number of
feathers was in the lateral body tract, and study of the
feather musculature confirms this. The follicles just below the
wing have a predominantly radiating pattern, but near the
pectoral tract, a mixed radiating and parallelogram pattern
is established.

GROSS MORPHOLOGY—TURKEY
Discussion of the lateral pelvic apterium is included with
the description of the femoral tract.
Ventral body
Pectoral^ sternal, and medial abdominal tracts; pectoral,
sternalj and medial and lateral abdominal apteria.—The
musculature pattern of the ventral cervical tract continues
into the pectoral tract. In the shoulder region of the pectoral
tract, the rows in both directions are wide apart, but they He
increasingly close together toward the caudal end of the
tract. The pectoral tract is composed of two sets of oblique
rows that cross at less than a right angle. The design creates
the illusion of chevrons with apices pointed anteriorly. The
musculature study demonstrates that the weak ends of the
rows are anterior and the strong ends posterior. When the
oppositely directed rows cross, the resulting parallelograms
will have two opposite sides strong and the two remaining
sides weak. For the sake of communication, the medial side of
the pectoral tract has been chosen as the reference line (fig. 259,
B). The rows, therefore, have an anterolateral and a posterolateral orientation. Some longitudinally oriented diagonals
may be present.
The sternal tract is strong throughout its length and is
three to four rows of follicles wide. The tract curves around
the broad sternal apterium. Rows of muscles course in each
of three directions—anterolaterally, posterolaterally, and
longitudinally. The follicles are large and close together so
that the details of the pattern are vague. Lateral to these are
small follicles that have delicate musculature enclosing approximately square spaces. Other small follicles lie in the
pectoral and lateral abdominal apteria. These are occasionally linked together by muscles, but more often the}^ stand
alone with but few^, short, smooth muscles attached to them.
Apterial muscles are absent from the broad featherless space
that is lateral to the sternal and abdominal tracts and that
includes the thin skin of the groin region.
It has been difficult to determine if apterial muscles cross
the sternal and median abdominal apteria because the
transversely oriented connective tissue bundles are almost
as thick as muscle bundles. We finally concluded that apterial
muscles were absent.
Caudal tracts.—The dorsal caudal tract is a continuation
of the pelvic tract and retains the same musculature pattern.
Lateral to this the folhcles are small and widely scattered
and have only a few, short, radiating muscles. On the ventral
side of the tail, the follicles do not establish a pattern, but
the radiating muscles are well developed. A study of the
muscles attached to the rectrices and their coverts was not
made for the turkey.
Wing
Humeral and posthumeral tracts; scapular and humeral
apteria.—At its anterior end, the humeral tract is about
seven feather rows wide, and caudally it decreases to about
five. The feather musculature is well developed in two direc-
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tions—anterodistally and proximodistally. The rows of the
former curve strongly in a distal direction as they approach
the leading edge of the wing; the rows of the latter appear
irregular chiefly because they pass from the base of one
follicle to the neck of an adjacent follicle. Delicate diagonals
are also present. The folhcles along the proximal and distal
edges have muscles that radiate out into the scapular and
humeral apteria, respectively.
The posthumeral tract may be composed of three rows
that parallel the caudal margin of the upper arm. Two of
these rows are on the dorsal surface and have medium-sized
folhcles; one row is on the ventral surface and has small
folhcles. In another specimen three to four rows of folhcles
were on the dorsal surface, and one row was on the ventral
surface. The dorsal ones were joined by numerous dehcate
muscle bundles randomly arranged without producing
quadrilaterals. The dominant direction for the muscle
bundles is anteroposterior. The next strongest group is
composed of muscles from the basal end of a distal folhcle to
the neck of the adjacent proximal follicle. The muscles joining the second row on the dorsal side with the single row on
the ventral side wrap around the caudal edge of the upper
arm. The muscle bundles are numerous and flat and spread
out barrel-shape in joining the follicles on the two surfaces of
the wing.
Muscle bundles are numerous at the cubital end of the
posthumeral tract where they unite with the nearby secondary coverts. They are less numerous at the proximal end
where they span a relatively broad space to reach the follicles
of the humeral tract.
Subhumeral tract.—The pterylosis study (fig. 74, p.
125) indicated a rather extensive subhumeral tract, but the
feather musculature study indicates a tract composed of
one row of follicles at the axillary region of the wing that
expands to about three rows outward toward the forearm.
All of the muscle bundles are delicate. They form a single
proximodistal row; all of the other muscles are radially
arranged or fail to complete four sides of a quadrilateral.
Apterial muscles are present in the scapular apterium of
the chicken but are absent from this region in the turkey.
The humeral apterium also is'devoid of flat sheets of muscles
except between the humeral and posthumeral tracts along the
caudal edge of the wing. These, perhaps, should be classified
as sheets of feather muscles rather than apterial muscles
because they join follicles at both ends.
Forearm tracts and apteria.—The pterylosis study (figs. 73,
p. 122, and 76, p. 128) indicated a uniform distribution of
widely spaced feathers over the dorsal surface of the prepatagium except for a concentration of small feathers along the
anterior edge. The musculature study, as in the chicken,
indicated about four groups of feathers, as follow^s:
Group 1. The group of feathers adjacent to the remiges
consists of about seven rows of follicles throughout most of
its length, but as it approaches the cubital apterium, the
width becomes reduced to about three rows. The follicles
are joined by strong anterodistal and posterodistal rows of
muscles. Diagonals are absent.
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Group 2. This group lies between group 1 and group 3,
Feathers in this group are small marginals close to the leading
edge of the wing. The group is shaped like a narrow wedge
w^ith an apex near the wrist and a base located at about the
middle of the wing. The musculature in this group is w^eak,
and the follicles are wide apart, although arranged in rows.
The muscle bundles have only an anteroposterior orientation;
muscles having a proximodistal orientation are entirely
absent except at the apex of the triangular area. The anteroposterior muscle rows of this group are joined to the oblique
rows of muscles of both groups 1 and 3.
Group 3. Feathers in this group are stiff marginal coverts
whose folMcles lie parallel to the leading edge of the wdng and
close to it. The distal end of this group begins on the edge of
digit II as a narrow band; in the midportion of the prepatagium the band widens to about seven folhcles. Proximal to
this, the band narrows again, and the terminal portion joins
the humeral tract as a single row of follicles. The muscle rows
are well developed, crossing in anterodistal and posterodistal
directions. The anterodistal rows of group 1 become the
anteroposterior muscle row^s of group 2 and continue as the
posterodistal rows of group 3, thereby forming the arc of a
circle with the concavity directed proximally. The follicle
arrangement (fig. 76) bears out the same pattern.
Group 4. The fourth group of feathers is ill defined. It lies
in the midportion of the prepatagium. Its anterior border
merges with the marginal coverts of group 3, its posterior
border merges with the marginal coverts of group 1, its
distally placed folhcles merge with the pattern of group 2,
and its proximal border is estabhshed by the humeral
apterium. In general, the musculature is weak. In some parts
quadrilaterals are estabhshed; in other parts, anteroposterior
rows are present but not proximodistal rows; and in stih other
parts, especially adjacent to the humeral apterium, only a
radial type musculature exists.
Now we will describe the muscular connections betw^een
the follicles of group 1 and those coverts associated with the
remiges. The upper minor secondary coverts are part of the
muscular pattern of group 1; in fact, they represent the
most posterior rows. From each of these folhcles a short
muscle goes to the base of the upper median secondary
covert of the same number, and a long muscle goes to the
base of a folhcle of the next lower number. No muscles w^ere
observed attached to the upper major secondary coverts or
to the remiges, but these studies were made on large whole
mounts rather than on small pieces of skin, which in the
chicken (fig. 263, A and B) revealed numerous muscles not
shown at lower magnifications.
In the preceding paragraph the implication w^as given that
the upper minor secondary coverts constituted a row extending in a proximodistal direction, namely parallel to the bases
of the remiges. The arrangement of fohicles in proximodistal
rows on the dorsal surface of the prepatagium w^as accepted
as having reality in our description of pterylosis. But as far
as the musculature is concerned, such proximodistal rows do
not exist, only crisscrossing oblique rows exist. Ah descriptions of pterylosis known to us accept the idea that the

existence of longitudinal rows is valid. This is especially true
in the extensive literature that has sought to explain the significance of eutaxis and diastataxis. It appears to us from a
study of the musculature pattern that only anterodistal and
posterodistal rows have real meaning, and that longitudinal
rows are only an illusion without significance. Apparently
there is a great need to determine if the development of
feather row^s bears an ontogenic relationship to the development of muscle row^s. If such a relationship is proved, then it
follows that there ought to be a réévaluation of eutaxic and
diastataxic systems based on feather rows that coincide with
muscle rows rather than on an illusion of horizontal feather
rows.
On the ventral side of the prepatagium are three groups of
feathers—the under marginal coverts, the under forearm
tract, and the coverts for the remiges (fig. 79, p. 129). The
under marginal coverts (based on musculature studies) are
represented by two rows of follicles at the base of digit II,
widen to four rows throughout most of their length, and
become reduced to a single row at the proximal end of the
wing. In the wide portion the two rows next to the leading
edge are close together, and the two rows caudal to these are
far apart, as also are the follicles within row^s. A morphology
somewhat similar to this exists in the duck (fig. 273). In the
turkey these follicles are linked together by muscles that
form weak but definite anterodistal and posterodistal rows.
Anteroposterior and proximodistal row^s are absent (the
latter are present in the duck—fig. 273),
The under forearm tract consists of about three rows that
extend from the cubital region distally, whereas in figure 79,
the tract narrows in width to one or two fohicles. The study of
feather muscles show^s that each follicle radiates many long
muscles, a few of which join with bundles from adjacent
folhcles. This occurs too infrequently, however, to establish
a definite pattern of quadrilaterals.
Anterior and posterior to the under forearm tract are the
under prepatagial and under forearm apteria, respectively.
Neither of these featherless spaces bears muscles.
The under coverts of the secondary remiges form two
longitudinal groups: the under major and median secondary
coverts and the first and second row^s of under minor coverts.
The fact that the under major and median coverts are reversed and represent rows of feathers that sometime in the
history of birds were located on the dorsal rather than the
ventral surface, led us to search for any pecuharities in the
musculature. We observed that although the musculature
joining the two sets of rows was delicate, it was not absent.
In contrast, the anteroposterior muscles of the chicken between the under median and under minor secondary coverts
were robust (fig. 263). It is logical to expect muscles to cross
the potential edge of the wdng, because in a comparable situation—namely, along the leading edge of the wing—muscles
do cross and bind together follicles of doi'^al and ventral wing
surfaces.
Tracts and apteria of ivrist and hand,—The musculature of
the carpal remex and its covert is particularly striking because it is so well developed. The follicles themselves are
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Anterior row of under marginal coverts
Anterior row of upper marginal coverts
Upper minor primary covert
Upper median primary covert

Anterior edge of hand

■ Cut edge of

Upper hand
aptcrium
Down feathers

Retractor of upper
median primary covert
Retractor between remex and
upper median primary covert

Cut edge of ventral skin
ANTERIOR
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—"— PROXIMAL

Rotator of primary remex -

267.—Inside surface of the dorsal skin of the distal end of the right hand. The primary remiges examined from below
show the under major coverts; where the remiges are cut away, are shown the upper median and two rows of upper minor
coverts and, anterior to these, the upper marginal coverts. At the anterior edge of the hand are included the anterior row
of the upper and under marginal coverts. The upper hand apterium contains down feathers joined together by a strong
contour-type musculature. The foreshortened view of two remiges and an under major covert diagrams the direction of pull
for a retractor, a rotoretractor, and a rotator muscle. Bronze Turkey. Bouin fixation, hematoxylin stain.
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small, as shown in figures 76 and 77, page 128. The muscles
to these follicles are broad (fig. 263).
The pterylosis drawing of the upper surface of the hand
(fig. 77) shows one to two rows of feathers along the leading
edge. Caudal to these is an upper hand aptcrium with down
feathers and then three rows of remigial coverts. The details
of the musculature for these follicles are shown in figure 267.
Musculature unites all of the follicles on the dorsal hand.
Short muscles were observed joining the upper major primary coverts to their remiges. This observation is contrary
to that observed in the chicken (fig. 263, A and B).
The follicles of the upper median and upper minor coverts
are clearly united by muscles as shown in figure 267. The
retractor muscle of the upper median primary covert has a
longitudinal orientation. Muscles arc also present between
the under median covert and the bulb of the primary remex
(m. retractor tectricis medianae superioris et remigis primi).
Two muscles arise from the collar part of each minor covert
follicle; these spread apart to join the bulb ends of two upper
median primary coverts.
At the extreme basal ends of the upper minor covert
follicles, muscles extend anterodistally and posterodistally to
form part of the network joining these coverts to the second
row of under minor primary coverts. The same network of
muscles continues to include the down feathers on the upper
hand apterium.

The muscles that unite the down follicles are the type
characteristic for feathers. The radial type, often associated
with small follicles, is absent. Proximodistally oriented
bundles may be strong at the two ends of the apterium and
weak in between.
The musculature indicates that there is a single row of
upper marginal coverts of the hand (fig. 267). The folhcles in
upper and under rows are joined together by proximodistally
oriented muscles. The follicles in these upper and under rows
are joined across the edge of the wing by muscles that course
in two directions. The under marginal coverts of the hand
consist of two closely placed rows, in which the first row has
about 11 follicles and the second, seven. Whenever a second
row of under marginal coverts is present, bundles pass
obliquely between rows. The folhcles of the tract that are
adjacent to the under hand apterium send short radiating
fibers toward the apterium, but only very few extend across
the apterium or even half way. Typical apterial muscles are
absent.
As in the chicken, the musculature between primary
remiges and between remiges and their under major coverts
can be seen best in the turkey from the ventral side (fig. 267).
The pattern for the two species is basically similar, except
that in the turkey the under major primary coverts are
joined by muscle to the remiges, whereas in the chicken no
connection was found. In the turkey the short muscle
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between major covert and remex has been named the
"retractor muscle of under major covert and primary remex"
(m. retractor tectricis majoris inferioris et remigis primi). The
long muscle between these same two follicles has been named
the "rotoretractor muscle of under major covert and primary
remex" {m. rotoretractor tectricis majoris inferioris et remigis
primi). The third muscle involves only remiges and has been
named the "rotator muscle of the primary remiges" (m.
rotator remigis primi). Further study might show that there
was an anterior and a posterior component as was observed
in the chicken (fig. 263).

Posterior appendage
Femoral and crural tracts; lateral pelvic, lateral body, crural,
and intracrural apteria.—As determined from the musculature (fig. 268), the femoral tract and surrounding apteria
agree with the pterylosis as illustrated in figure 74 in that the
lateral pelvic apterium is broad compared to that of the
chicken, and the triangular femoral tract is relatively small.
The musculature in the central portion of the femoral tract
is arranged in the form of squares. This pattern becomes
irregular toward the anterosuperior angle, and the same
DORSAL
(PROXIMAL)

Pelvic tract
Lateral pelvic apterium
ANTERIOR

DISTAL

Anterosuperior
angle
Posterosuperior
angle

Tensor muscle
of femoral tract
Lateral abdominal
apterium
Lateral body
apterium

Infracaudal margin

Inferior angle
Crural apterium
Crural tract

268.—Inner surface of the skin covering the thigh of the right leg, showing musculature of the femoral tract and of
parts of the pelvic and crural tracts; also apterial muscles in the lateral pelvic, lateral body, and crural apteria. The tensor
muscle of the femoral tract is better developed in the turkey than in the chicken (compare with fig. 265). Note that in many
cases apterial muscles cross muscles radiating from down feathers rather than merge with them. This situation happens
rarely, but is clearly evident in this material. Bronze Turkey, 96 days of age, female. Bouin fixation, hematoxylin stain.
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irregularity occurs close to the infracaudal margin. The latter
area has a strong musculature not only directly between
follicles but also across the central parts of some of the
squares. At the infracaudal margin is a muscular cord that
has its origin dorsally at the lateral edge of the pelvic tract.
Its base of attachment is broad, from whence it converges
across the lateral pelvic apterium toward the posterocaudal
angle of the femoral tract. The muscular cord becomes smaller
as it extends ventrally along the infracaudal margin and
disappears about midway or a little beyond.
The origin and distribution of this fan-shaped mass of
smooth muscles suggest a function of supporting the large
caudally directed feathers of the femoral tract; hence it was
named tensor muscle of the femoral tract. Feathers located
along the upper border of the femoral tract are in part supported by muscles that cross the lateral pelvic apterium. The
muscles between pelvic and femoral tracts are larger and
more numerous than those in other parts of the body. On the
thigh and leg, the pull from the weight of the plumage is
vertically downward. It appears possible that the strong
apt erial muscles aid in support of this weight.
The lateral pelvic apterium has continuity with the lateral
body, lateral abdominal, lateral caudal, crural and intracrural featherless spaces. The musculature of these spaces is
less robust than that of the lateral pelvic tract in that the
bundles are narrower and farther apart, and the elastic
tendons are relatively longer.
The crural tract of the turkey is moderately well developed
on the anterior surface of the leg, slightly less so on the
lateral and posterior surfaces, still less on the medial surface,
and disappears entirely in the intracrural apterium. The
musculature is most strongly developed near the scales of the
metatarsus. Here, although short, the feathers are typical
contours and not semiplumes as they are in the superior
part of the leg where they are partially covered by femoral
tract feathers. On the anterior surface, the rows cross to
form diamond-shaped patterns, and both obhque sets of
rows are present. Longitudinal rows are absent.
A proximodistal orientation is variable and incomplete. As
in the chicken (fig. 266, B), the dominant direction of rows is
oblique for all surfaces of the leg. On the medial surface, the
follicles become widely spaced, and the muscles are long and
very slender, as in the chicken (ñg. 266, A), No muscles were
observed in the intracrural apterium, except the radiating
type around small down feathers and semiplumes.

Common Coturnix
Head and neck
Head.—Several skins of coturnix were fixed and stained
but only in the postauricular region above the ear of some
skins was it possible to distinguish a few feather muscles.
These muscles were not numerous enough to establish a
pattern, but they did consist of scattered slender muscles
between follicles or a few radial bundles. Throughout the
remainder of the head no muscles at all were visible; yet the
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skin was thin, and the whole mount techniques were probably
adequate to reveal them had they been present.
Dorsal cervical tract, junction of dorsal cervical and interscapular tracts; lateral cervical apterium.—The post erolateral
muscle rows on the dorsal neck are slightly more developed
than are the anterolateral muscle rows (fig. 269). Muscle
rows are considered to arise along the midline and extend
outward either anterolaterally or posterolaterally as diagramed in figure 269, the posterolaterals on one side are
continuous with the anterolaterais on the opposite side. At
the anterior end of the neck of coturnix, the follicles are close
together, but a short distance caudally they assume a spacing
typical of the remainder of the spinal tracts.
If the anterolaterals had been strong in the forepart of the
neck and the posterolaterals strong in the hind part of the
neck, there would have been a natural separation between
dorsal cervical and interscapular tracts. Because these
muscles are not strong in these parts of the neck, the boundary between the two tracts must be arbitrary (figs. 80, p. 130,
and 269). In the pterylosis study, the boundary was placed at
about the anterior margin of the shoulder.
The skin of the lateral cervical apterium is transparent and
exceedingly thin. Within the space are follicles of down
feathers arranged in rows. Muscles around the follicles are
in part radial, but some of the bundles establish anteroventral
(ordo anteroventralis) and posteroventral {ordo posteroventralis
rows. These muscles are delicate indeed but are distinctly
visible.
Interramal, submalar, and ventral cervical tracts; ventral
cervical apterium.—The follicles of the interramal region are
not arranged in distinct rows; the musculature is without
definite pattern and is difficult to distinguish. The follicles of
the submalar region are somewhat farther apart, and here is
the beginning of rows that extend caudally and laterally. The
musculature, although present, is faint. The angle between
rows at the midline is small, but the angle rapidly widens
inside the ventral cervical tract. The posterolateral rows are
strong; the anterolateral rows are weak, as they were in the
dorsal cervical tract. Many of the follicles have strong
radiating bundles around them, and a few of these connect
adjacent follicles.
The down feather muscles of the ventral cervical apterium
have some continuity with those of the ventral cervical tract
on each side of the apterium. The abundant radial musculature merges with small sheets of apterial muscles. The
apterial muscles are transversely oriented on the apterium.
The study of apterial muscles was relatively easy in the
chicken, turkey, and pigeon, but has proved difficult in the
Common Coturnix, although the skin is thin and the preparations are transparent.
Dorsal body
Interscapular and dorsopelvic tracts; scapular, interscapular,
and dorsal and medial pelvic apteria.—In the anterior part of
the interscapular tract, the posterolateral muscle rows are
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dorsal tracts, the junction of the two is clearly distinguished.
The interscapular tract is narrow, about four follicles wide;
the dorsal tract is about eight follicles wide at the anterior
end. The two halves of the dorsal tract are separated in their
entire length by a median dorsal apterium, which begins in
the caudal part of the interscapular tract and continues
slightly more than half way through the pelvic tract. The two
or three follicles adjacent to the apterium have the strongest
feather musculature. The direction of muscle rows immediately adjacent to the apterium is anterolateral and posterolateral, but laterally to these by one or two folHcles, the
anterolateral muscle rows disappear and are supplanted by
distinct but delicate longitudinal rows. As the posterolateral
rows continue laterally they lose their massiveness and
become nearly as tenuous as the longitudinal rows.
The pelvic tract is narrower than the dorsal tract and
reaches its minimum width at its junction with the dorsal
caudal tract. The pattern of muscle rows just described for
the dorsal tract continues throughout the entire pelvic tract,
with perhaps one difference—the posterolateral muscle rows
remain strong throughout most of the length of the tract.
The scapular apterium has typical apterial muscles. These
are widely spaced, however, and do not form a continuous
muscular sheet. The muscles are short, and the elastic
tendons are long, as they are in the chicken. In addition,
radial muscles are around the down feather follicles.
A single row of small follicles lies in the midline of the
spinal apteria (interscapular, dorsal, and median pelvic
apteria). The muscle bundles from these follicles are delicate;
they extend in anterolateral and posterolateral directions to
join the follicles of adjacent contour feathers.
Ventral and lateral body

Middorsal line
-.— 5 mm. —^

269.—^Inner surface of the skin of the dorsal neck.
Pattern of musculature at the junction of dorsal cervical
and interscapular tracts. Viewed from the inside of the
skin. The midline is the point of origin for naming the
direction of muscle rows. Therefore, beginning at the midline the forward half of a row will be anterolateral and the
rear half, posterolateral. See figure 256, B, for naming
rows of feather muscles. The musculature of the posterolateral rows is slightly heavier than that of the anterolateral rows. Common Coturnix Quail. Bouin fixation,
hematoxyhn stain.

FIGURE

only slightly stronger than the anterolateral muscle rows.
In the caudal half, the posterolateral rows become much
more prominent. Here the anterolateral rows grow thinner,
and although the muscles disappear between some of the
follicles, such was not the case in the specimen from which
figure 269 was drawn.
Although there is continuity between interscapular and

Pectoral, sternal, and abdominal tracts; pectoral, sternal,
lateral body, and median and lateral abdominal apteria.—As
stated on page 426, the medial side of the pectoral tract has
been selected as the base from which the direction of the
rows has been named. The feather rows of the pectoral tract
are far apart at the shoulder region and closely placed
caudally, especially near the tip. The posterolateral muscle
rows cross the anterolateral rows to form squares and
diamond-shaped figures. A few longitudinally oriented
diagonals are present. The thickness of the muscle bundles
in the rows in coturnix is about like that in the turkey,
namely, that it occurs on each side of the axis of the tract.
The rows directed caudally are strong, but when continued
across the axis anteriorly, they are less robust.
The sternal apterium is a continuation of the ventral
cervical apterium. It begins at the carinal apex of the keel.
The space is bounded laterally by the paired rami of the
sternal tract. The laterally placed space between sternal and
pectoral tracts is the pectoral apterium. In the pterylosis
study it appeared narrow (figs. 81, p. 131, and 82), but in
the stained and flattened skin it ranges in width from 4 mm.
at the anterior end to about 9 mm. at the posterior end. The
anterolateral rows of the sternal tract maintain their identity
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across the pectoral apterium by a series of widely spaced
down feathers. These in turn continue as ant erolateral rows
across the pectoral tract. There are slender muscles linking
together the down feather follicles in crisscrossing rows, but
most of the muscle bundles are of the radial type.
The sternal tract has distinct anterolateral and posterolateral rows, but the closeness of folUcles and robustness of
musculature varies in different parts of the tract. In the
anterior fourth of the sternal tract, the anterolateral rows have
the strongest musculature, and the folhcles are close together. Posterolatral rows are present but delicate. Longitudinal rows are absent.
The central half of the paired sternal tracts are spread
apart about 4 mm. by the sternal apterium. The musculature
in both directions is about equally strong, and the follicles
are equally spaced. Longitudinal muscles make their appearance first in the posterior half of the tract where they are
limited to a single row bordering the sternal apterium.
The musculature in the caudal quarter of the sternal tract
has strong posterolateral rows and relatively weak anterolateral rows. In rows with strong musculature the follicles are
close together; thus in the posterior part of the tract the
posterolateral rows are prominent, and in the anterior part
of the tract the anterolateral rows are well developed.
The sternal tract continues without interruption into the
abdominal tract. Here posterolateral muscles become even
more robust; the anterolateral rows remain about as they
were in the caudal part of the sternal tract. The sternal
apterium ends at the beginning of the abdominal tract. The
single pair of longitudinal muscles that originate in the
sternal region is thereby brought close together, forming a
double row along the midline of the abdominal tract. The
distance between the longitudinal rows is so small—about
0.5 mm.—that from the pterylosis study we did not consider
it to be an apterium. Although narrow, this space is equivalent to the somewhat wider space in the turkey, designated
as the median abdominal apterium.
The follicles in the lateral abdominal apterium are small
and widely scattered, yet they retain the arrangement and
continuity of rows in the abdominal tract. The musculature
is the typical radial type, and none of the bundles links
together adjacent follicles. Apterial muscles are absent.
In the lateral body apterium are two groups of small
feathers: (1) the lateral body tract, and (2) the several rows
anterior to the femoral tract. The musculature between
follicles of the lateral body tract is composed of many bundles,
spread apart as a narrow sheet. The fascicles converge toward
a nearby follicle or pass by one follicle to join another farther
away. The second group of feathers has three to four rows of
small follicles parallel to the anterior edge of the femoral
tract. The musculature around these is the radial type. The
bundles are numerous and nearly uniform in length. If
follicles are close together, a few bundles may link the follicles
together. This area of the lateral body apterium contains
well-developed apterial muscles in the chicken (fig. 265) and
turkey (fig. 268), but such muscles in this location are absent
in coturnix.
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Anterior appendage
The smallness of coturnix has nullified our repeated efforts
to procure undamaged skins from the dorsal and ventral wing
surfaces, like those we had obtained from larger birds.
Therefore, meticulous study of the wing surface for coturnix
must be left to others.
Posterior appendage
Femoral tract; lateral pelvic and crural apteria.—The femoral
tract is similar in shape and general characteristics to that of
the chicken and turkey. As in the turkey (fig. 268), the infracaudal margin shows a typical closeness of rows, a strong
musculature between follicles, and bundles that cross the
quadrilateral spaces. A well-developed tensor muscle of the
femoral tract is present in coturnix and appears as a white
cord along the infracaudal margin. It arises along the lateral
mar^^in of the pelvic tract, and as it approaches the tract it
beco.nes reduced from a flat sheet to a thick cord. The remainder of the lateral pelvic apterium is crossed by typical
apteilal muscles.
The crural apterium of coturnix differs from that of the
chicken and turkey in that it is not crossed by a flat sheet of
apterial muscles. Instead, feather type, radial muscles arise
from the follicles bordering the apterium, and some of these
bundles, often long and narrow, cross the featherless space
and join follicles of the crural tract.
Crural tract and intracrural apterium.—A musculature
sufficiently strong to form quadrilaterals is present only on
the anterior and lateral surfaces of the leg. Shortly below the
knee the pattern is well developed, but near the ankle the
musculature is incomplete. On the posterior and medial surfaces of the leg, the folhcles are farther apart and are surrounded by radial-type muscles.
Scattered folhcles, present in the intracrural apterium, are
surrounded by short radial muscles; apterial type muscles
are absent from this apterium.

White Pekin Duck
Head and neck
Head,—Figures 58, page 103, and 89, page 142, show how
closely the small feathers of head and upper neck are implanted in the skin. Particularly on the head, the rows are
oriented in various directions. Likewise, the direction of
dominant muscle rows varies from place to place. The crown
region of the head shows well-developed muscle rows in two
directions; the most prominent are the posterolateral rows,
and only slightly less prominent are the anterolateral rows.
These rows cross approximately at right angles. Longitudinal
rows are absent.
In the pterylosis study, all feathers on the head appeared
approximately equal with some variations in length, but the
study of musculature on the stained whole mount gives an
entirely different concept. The area of strongly developed
musculature includes all of the space between the eyes. The
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width of this longitudinal band remains about the same to
the level of the ears and then narrows by about one-half at
the upper end of the neck. Lateral to this strong tract is a
band above the ear opening that extends forward to the
corner of the eye and onto the lid where the musculature is
weak. This is especially true in the stationary part of the
lower Hd and just caudal to it. In the remainder of the genal
tract, the musculature is moderately well developed.
At the junction of head and neck, the direction of dominant
rows changes from oblique to directly transverse. Dehcate
anterolateral and longitudinal rows are present also; thereby
triangles are formed rather than quadrilaterals.
In the malar region the flattened skin shows anterolateral
and posterolateral rows about equally well developed with
dehcate longitudinals. Since this is the side of the head, the
actual direction of rows is anteroventral and postero ventral.
Dorsal cervical tract, junction of dorsal cervical and interscapular tracts; dorsal and lateral cervical apteria.—^When the
pterylosis of the neck was studied, the dorsal cervical apterium appeared to be a narrow longitudinal featherless space
along the middorsal line of the neck. No natural boundary
was observed between the dorsal cervical and interscapular
tracts, and the dorsal and ventral cervical tracts met on the
side of the neck so that a lateral cervical apterium was
obliterated. A study of the musculature of the neck skin
gives an entirely different concept of these tracts and apteria.
The same is true for the tracts and apteria of the body, which
are discussed under the appropriate topic headings. The
pattern of feather muscles simulates in many respects the
X-ray picture of the skin presented by Humphrey and
Butsch (1958), chiefly because the X-ray reveals the follicles
of the large contours and here the musculature is best developed. The small follicles of contour feathers do not show
in the radiograph. The musculature between down feather
follicles is poorly developed.
The dorsal cervical tract is morphologically divisible into
cephalic and caudal parts. The anterior end of the dorsal
cervical apterium marks the boundary between the two parts.
Anterior to this point the follicles are small, close together,
and joined by small muscle bundles, whereas posterior to
this point, the follicles are large, far apart, and joined by
large muscle bundles. In the anterior part, the number of
anterolateral and posterolateral muscle rows is about equal,
and longitudinal rows are visible only at the caudal end of
this tract. In the caudal part of the dorsal cervical tract, the
widely spaced muscle rows are about equally well developed
and are crossed diagonally by conspicuous longitudinal rows.
These widely spaced rows are prominent for several rows
adjacent to the apterium, but laterally they fade out and
disappear. Because the morphology of feather muscles indicates a difference between cephalic and caudal parts of the
dorsal cervical tract, the conclusions based on the pterylosis
study (p. 140) should be reexamined.
The spinal apterium begins near the anterior end of the
neck. At this level the apterium is only about 2 mm. wide.
Its greatest width of 35 mm. is reached just anterior to the

shoulders from which point it abruptly reduces, and at about
the midwing level it becomes a narrow space only a few millimeters wide. This narrow part continues caudally into the
pelvic region. Parts of the spinal apterium have names appropriate for the regions in which they are found; in sequence
from anterior to posterior, they are dorsal cervical, interscapular, and dorsal and pelvic apteria.
In the pterylosis drawing (fig. 88, p. 141), we drew an
arbitrary line to separate the dorsal cervical and interscapular tracts. This line is approximately at the same location as
the boundary selected by Humphrey and Butsch (1958) in
their study of the Labrador Duck (Camptorhynchus labradoriles). If we understand correctly the work of Heimerdinger
(1964) on passerine birds, she probably would have placed
the boundary at about the anterior end of the dorsal cervical
apterium, namely at the transition between closely placed
and widely separated folhcles.
The dorsal cervical apterium widens into a fusiform space
and continues into the interscapular region. It contains many
down feathers, the foUicles of which are joined together by
an irregular network of slender muscles. There is no organization into rows, and the muscle bundles that course in all
directions are about equally dehcate. In addition, some
apterial muscles are present, which arise from the large follicles bordering the apterium. These muscles generally reach
only a short distance into the apterium, but a few long,
slender muscles cross the apterium in its narrower parts. In
addition to the delicate muscle bundles already described,
the down feathers have fan-shaped bundles that are similar
in appearance to apterial muscle, but they do not reach far
and are not joined to other fan-shaped groups.
The lateral cervical apterium is limited to a small area on
the dorsal surface of the lateral cervical patagium (fig. 88).
The follicles are widely spaced but larger in size than those
of down feathers. They are joined by delicate muscle bundles,
forming an irregular pattern. We searched forward along the
side of the neck for a continuation of this apterium, which
would separate the dorsal and ventral cervical tracts. The
musculature for the follicles was not as strong here as in the
tracts above and below, but the pattern was regular, and the
follicles were nearly as large as in the dorsal and ventral
tracts proper. The arbitrary separation between these tracts
along the side of the neck (fig. 89, p. 142), remains correct.
Ventral cervical tract; ventral cervical apterium,—The muscle pattern of the ventral cervical tract is unusually regular,
forming nearly perfect squares or diamonds slightly elongated
in the longitudinal axis of the neck. In one preparation, none
of the parallelograms were crossed by diagonals, but in another whole mount there were some longitudinal and some
transverse bundles. Often the transverse muscle bundles
crossed the diamond above the middle, thereby joining adjacent sides, not opposite corners.
In the duck, as in the chicken, the subcutaneous layer
carries sheets of striated muscles, an inner circular layer, a
middle longitudinal layer, and, superficial to these, scattered
circular bundles embedded in fat.
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The ventral cervical apterium is spanned by innumerable
bundles of smooth muscles. Toward the anterior part of the
apterium, there are so many bundles that they establish a
thin, continuous sheet. The individual muscle bundles are not
interrupted by elastic tendons, at least as far as can be determined at low magnification.
Dorsal body
Interscapular and dorsopelvic tracts; interscapular and
scapular apteria.—On the dorsal skin of the duck the contour
feathers have great regularity of arrangement (fig. 88). This
almost perfect symmetry caused an optical illusion in the
pterylosis study of rows in several directions—transverse,
longitudinal, and crisscrossing obliques (anterolaterals and
posterolaterals). The oblique rows of muscles from the midline posterolaterally are the strongest, but anterolateral ones
are almost as strong. These two sets of oblique rows establish
the four sides of diamond-shaped figures, the long axes of
which are longitudinally oriented. The longitudinal rows, of
which there are four, are as well developed as the anterolateral rows. A portion of a fifth row lies at the wing level.
These longitudinal rows are part of the strong portion of the
dorsal cervical, interscapular, and dorsal tracts. In the pelvic
region the longitudinal rows disappear, and the pattern of
musculature changes.
The interscapular and dorsal cervical tracts are narrower
than indicated by the pterylosis drawing (fig. 88). Caudal to
the wing, the dorsopelvic tract widens and extends toward
lateral body and femoral regions.
Down feathers are present in the scapular apterium, and
the foUicles are close together. The follicles are joined by
distinct but small muscle bundles (fig. 270). Some bundles
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are slightly larger than others, but these variations occur at
random. The rows are irregular but generally, they establish
quadrilaterals. The long axes of the diamond-shaped areas
are oriented across the apterial space at right angles to the
humeral and the interscapular tracts. Diagonals cross the
diamond shapes on the long axes of the parallelograms. In
many places, follicles of the smaller downs are within the
quadrilaterals, and they may be joined by diagonals or by
still smaller muscle bundles emanating from the corners
established by the larger downs. In summary, the musculature for the follicles of down feathers is extensive but delicate.
An apterial type musculature is absent.
The dorsal apterium is similar to the interscapular apterium already described.
The tract in the pelvic region is slightly weaker than in
the dorsal region. The anterior part of the pelvic tract is
divided by a narrow pelvic apterium. The follicles are spaced
apart, and the muscle bundles joining them are less robust
than in the tract itself.
The anterolateral and the posterolateral rows of the tract
are very regular, forming diamond shapes with transverse
and longitudinal axes of about 8 and 11 mm., respectively.
The diamond-shaped parallelograms merge into squares of
about 10 by 10 mm. Caudal to the pelvic apterium, there is
complete and regular continuity of the anterolateral rows of
one side across the midline to become the posterolateral rows
of the other side. Weak longitudinal rows are present in the
pelvic tract lateral to the pelvic apterium, but caudal to this,
the weak rows disappear and return again in the dorsal
caudal region. Deficate transverse muscles are present also,
particularly where the pattern is diamond shaped, and they
cross the short axis of the diamond. Other delicate muscles
reach from the contour follicles at the corners to the down
follicles within an enclosed square or diamond.

ANTERIOR
DISTAL

270.—Outside surface of the skin of the scapular
apterium, showing the well-developed musculature attached
to down feathers. A pattern of quadrilaterals is moderately
well maintained, but the quadrilaterals are smaller than
those shown in the musculature of the femoral tract,
exactly drawn to the same scale (fig. 274). White Pekin
Duck. Bouin fixation, hematoxylin stain.

FIGURE

Lateral body
Lateral body tract; lateral body apterium.—The pterylosis
study shows the lateral body tract to be a single row of
contour feathers from the base of the wing to the pectorosternal tract (fig. 89). Confirmation of this inconspicuous group
came from the stained whole mount of the skin. Three follicles
were present on each side of the body. Both anterior and
posterior to this row are large featherless areas of the lateral
body apterium. This apterium is continuous with the scapular
apterium. Throughout the space are down feathers joined
together by an irregular network of slender, delicate muscles.
Approaching the dorsopelvic and femoral tracts, the follicles
become larger and the musculature more robust, whereas
approaching the border of the pectorosternal tract, the down
musculature remains delicate.
Sheets of typical apterial muscles are absent from any
part of the lateral body apterium; many muscles are present,
but they join the folficles of down or semiplume feathers.
Some of these follicles are far apart and the muscle bands are
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long, but they do not take on the appearance of apterial
muscles.
Ventral body
Pedorosternal and abdominal tracts; sternal and median
abdominal apteria.—The placement of feathers on the ventral
surface of the body is as regular as that on the dorsal surface
(fig. 90, p. 144). The musculature pattern varies from squares
to diamonds and is formed by the crossing of anterolateral
and posterolateral rows. No diagonals cross the parallelograms, and the pattern of squares abutting midventral
apteria remains entirely regular without a shifting in direction of rows. Instead of diagonals, several narrow to broad
muscle bundles may arise from the corners of the parallelograms, especially those anterior and posterior, that fan out
toward the center of the space within the square or rhombus.
Some of these terminate on the follicles of down feathers.
The ventral surface of the body has more rows near the
median plane than along the lateral margin. In one specimen
additional rows were introduced five times on each side of
the ventral body. The striking feature was the precision of
the placement. Pairs of short rows on the right and left sides

occurred at the same level and branched at approximately
the same distance from the midline. The disruption of the
musculature pattern associated with intercalation or reduction of rows is shown in figure 271. Either anterolateral or
posterolateral rows may be involved. In another specimen,
the termination of rows short of the lateral margin occurred
only once or twice. With a change in number of rows, the
quadrilateral pattern becomes adjusted to form triangles.
The musculature of the pectorosternal tract of the pigeon
is distinguishable into a pectoral and a sternal part.
Heimerdinger (1964) illustrated and described the same type
of morphology in passerines.' Therefore, we searched for a
similar organization in the duck. The pterylosis study failed
to reveal any evidence of a natural separation, but the stained
whole mount of the skin was more rewarding. On the ventral
surface at about a level with the anterior margin of the thigh,
the rows were spread apart slightly, and the space was
crossed by elongated bundles of feather muscles. This slight
space begins in the lateral body apterium and curls around
those follicles that mark the caudal end of the pectoral tract,
separating it from the thigh. The same space turns forward
into the pectorosternal tract, further separating the pectoral
from the sternal portion of the combined tract. The forward
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271.—Musculature involved in reduction of rows. Example taken from the right pectorosternal tract of an adult
White Pekin Duck.
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extension of the space soon ends, and at least three-fourths
of the anterior portion of the pectoral and sternal musculature is so well integrated that no morphological separation
between them is indicated.
The narrow space along the ventral midline is crossed by
numerous thin apterial muscles. Usually they pass directly
transversely, but some muscles may cross ths space at an
angle.
Dorsal and ventral caudal tracts; lateral abdominal apterium.—The tail of the duck is larger in proportion to the body
than in the other species of domestic animals studied. Contour
feathers are distributed in a geometric pattern as shown in
figures 88 to 90. The musculature also is well developed.
There is complete continuity between the muscles of the
femoral, dorsal caudal, ventral caudal, and abdominal tracts
except for a shght interruption produced by the lateral
abdominal apterium.
The posterolateral rows of muscles extend toward the side
of the tail; here they curve around the lateral surface of the
tail. On the ventral surface their course is nearly directly
transverse.
The anterolateral muscle rows of the dorsal caudal region
gradually change on the side of the tail and become more
longitudinal. This shift in direction is completed on the
ventral surface of the tail. The shifting of directions involved
in the two sets of rows is coordinated so that a pattern of
squares or diamonds is maintained.
True longitudinal rows are present on the caudal end of
the pelvic tract and the dorsal surface of the tail. They disappear lateral to six of these rows on each side of the midline.
The muscles of the longitudinal rows cross the long axes of
the parallelograms without interruption by down or semiplume feathers. Lateral to this central band of 12 rows,
delicate bundles may be seen extending into the parallelogram
spaces associated with the contour muscles, but these muscles
go to down feathers and are not part of the contour feather
musculature. The pattern found on the lateral surface also
extends under the tail, covering the entire ventral surface.
The portion of the lateral abdominal apterium in the groin
region is similar to the intracrural apterium; it contains
down feathers joined by dehcate, irregularly arranged muscle
bundles. The caudal end of the lateral abdominal apterium
contains larger, more widely spaced folhcles that are joined
by contour-type muscle to the adjacent tracts.

Anterior appendage
Humeral, posthumeral, subhumeral, and upper marginal
coverts of prepatagium; humeral apterium.—The humeral tract
is wider anteriorly than posteriorly because in the posterior
region the foUicles are closer together. The transition occurs
at about the midlength of the tract. In addition to this, the
tract is seven follicles wide at the anterior end and five at the
posterior end. The musculature includes three sets of rows
that cross to form parallelograms with diagonals. The variation in pattern among specimens is great. It exists even be-
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tween right and left wings of the same duck; therefore, the
following statements are hmited to generahzations.
The humeral tract folhcles are present at the anterior
border of the wing. At this level they have continuity with
the upper marginal coverts of the prepatagium. The leading
edge of the wing at this point approaches the body at an angle
of about 45°. There are three sets of rows of feather muscles
—posterodistal, anterodistal, and proximodistal. In the
anterior part of the tract, the proximodistals and posterodistals are moderately strong, whereas the anterodistals are
delicate diagonals.
About midway along the length of the tract and from here
to the trailing edge of the wing, posterodistals and proximodistals become robust. As the edge of the wing is approached, the posterodistals swing more caudally. A few
dehcate, anterodistal bundles were observed in the caudal
half of the humeral tract, which probably is part of the down
feather musculature.
The musculature study confirms the pterylosis study
(fig. 88) that the humeral apterium is a narrow L-shaped
space; the leg of the L is short, about half as long as shown
in the pterylosis drawing (fig. 88). The folhcles of down
feathers are numerous and close together, and they are
joined by a geometric pattern of muscles similar to those on
the scapular tract (fig. 270). Apterial muscles are absent.
Isolated down feathers within the upper marginal covert area
have a much stronger musculature, the bundles of which
radiate around the foUicles. This pattern is similar to that
observed around isolated folhcles in the chicken and turkey.
The posthumeral tract has two rows on the dorsal surface
on the upper arm and one on the ventral surface. The
follicles on the dorsal side are close together within the rows
and far apart between rows. Within the anterior row of the
two rows on the dorsal surface, the muscles are arranged as
broad, flat sheets. Between this row and the next one caudal
to it, the muscles form a thick bundle parallel to the slope
of the folhcles. Density of connective tissues along the edge
of the upper arm obscured the muscles between the second
row (dorsal side) and third row (ventral side). The musculature forms a regular pattern of squares at the cubital end of
the rows and rectangles at the humeral tract end.
The subhumeral tract of the duck is more strongly developed than it is in the other domestic birds studied. Large
contour feathers are implanted in two rows of folhcles. The
rows at the base of the wing are far apart, but at the distal
end of the row near the cubitus, the rows have practically
merged into one. The feather musculature both within and
between rows is well developed, and so are the connective
tissues in this area. These facts make difficult a study of
details, even in the proximal end of the tract where it appears
to follow a pattern of large rectangles with anteroposterior
axes. At the elbow end of the tract, the pattern changes to
small, flattened, irregular quadrilaterals with axes longitudinally oriented. Anterior to the two rows of large contour
feathers are two additional rows, which bear small feathers;
one of these rows has about eight or nine feathers, and the
most anterior has about three or four feathers. These rows
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are joined by delicate muscle bundles to the group of large
follicles described previously. In some places the bundles
form squares, but the pattern generally is greatly disturbed
by innumerable small bundles distributed to the many down
feathers in the area.
Our description of musculature for the upper marginal
coverts of the prepatagium is divided into three parts, corresponding to the size and placement of feathers in this tract.
The first group includes very short feathers located exactly
along the leading edge of the wing. This group is in a narrow
band, about 2.5 mm. wide at its widest part, and it shares a
common boundary with the under marginal coverts and with
the remainder of the upper marginal coverts. To the unaided
eye, the band looks like an apterium in the fixed and stained
skin. The follicles of these short, stiff feathers overlap with
their openings directed distally. A musculature is present,
but it is very faint. Where it can be observed, it follows the
typical pattern of radiating bundles and of muscles joining
adjacent follicles. The strongest muscles, three of which were
included at the top of figure 273, extend transversely across
the edge of the wing.
The second group of feathers is in a considerably wider
band than the first and also parallels the leading edge of the
wing. Near the humeral tract the band is about four to five
follicles wide. These follicles are nearly equally spaced but
are close together with slender muscle bundles joining them.
In the distal two-thirds of the prepatagium, the two rows of

follicles adjacent to the leading edge are close together. A
third row is rather widely separated from the first two. The
third row curves toward the leading edge, reaching it in about
the distal third of the prepatagium'. A fourth row is still more
widely separated from the third than the third is from the
second. The fourth row also curves toward the leading edge,
reaching it at about the distal end of the prepatagium.
Where the rows and the follicles in a row are close together,
the musculature establishes a pattern of diamond-shaped
parallelograms. Where the rows are far apart, but the follicles
in each row are close together, short muscles join follicles
within rows and long muscles join those between rows. The
latter are numerous but without pattern, and they are not
always parallel. There is a tendency to form quadrilaterals,
but these are not regular or precise.
The third group of feathers is the largest, covering much
of the dorsal surface of the prepatagium. The follicles are
regularly arranged and widely spaced. Even in this third
group the pattern is far from uniform. Follicles in the brachial
part of the prepatagium form squares or low rectangles with
many delicate bundles arising from the corners to join the
many follicles of down feathers within a square or rectangle;
15 down follicles is an average number.
In the anterior part of the prepatagium on a line above the
elbow, the follicles become small and delicate; the musculature has the form of crisscrossing anterodistals and posterodistals.

Anterodistal row -

Posterodistal row

■ Upper marginal coverts
of prepatagium

DISTAL
Upper minor secondary
covert - 1st row
Follicle of down feather
Upper median secondary covert

Upper major secondary covert

Secondary remex
5 mm.

272.—Outer surface of the dorsal skin along the trailing edge of the right forearm, showing the follicles and their
muscles in a diastataxic type of wing. The diastema occurs between secondaries 4 and 5. There was no evidence of a disturbance in the muscular pattern of the coverts associated with the diastataxic condition. Down feathers and their muscles have
been omitted except for the row between upper median and minor coverts. See figure 262, B, for terms used in naming rows
of muscles. White Pekin Duck. Bouin fixation.

FIGURE
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upper marginal coverts

Under marginal coverts:

6th row

7th row

Under prepatagial apterium

Muscles between follicles
of down feathers

273.—Outer surface of the skin of the under marginal coverts of the prepatagium taken on a line anterior to the elbow.
There are seven rows of follicles; the last row is widely separated from the sixth. A delicate musculature joins the many down
feathers. These are shown only in the center of the illustration. The leading edge of the wing is crossed by muscle bundles
joined to follicles of the upper marginal coverts. White Pekin Duck, left wing. Bouin fixation, hematoxylin stain.

FIGURE

The musculature beginning near the carpal space and continuing proximally to about the level of the 14th secondary
is composed of crisscrossing rows. However, because this is a
triangular space, the rows are curved and modified to fit. The
tendency in the literature has been to consider as rows those
shown in figure 91, paralleling the trailing edge of the wing,
but on the basis of musculature, such rows do not exist.
The problem of the significance of diastataxy and how it
came about has always been studied on the basis of follicle
rows without regard to musculature patterns. Yet the units
responsible for feather movements must develop under the
same influences that produce a space between the fourth and
sixth secondaries. Because the problem of the "missing fifth"
has been such a controversial one, a thorough examination of
feather musculature in a wide variety of birds might be rewarding, and it certainly cannot justifiably be ignored.
The muscle rows begin at the basal ends of the secondaries
and extend toward the leading edge of the wing (fig. 272).
The rows for the upper marginal coverts in this figure have
an anterodistal and a posterodistal orientation. Anteriorly
beyond the illustration, the posterodistal rows curve in an
anteroposterior direction. Toward the anterior edge of the

wing, the old quadrilaterals merge into a new set, which
bring the rows parallel or nearly parallel to the anterodistal
rows. When two opposite sides come close together, the
quadrilateral pattern is lost, and the new muscles that come
into existence lie close to the leading edge where new foursided figures are established.
The upper cubital apterium contains many follicles of
down feathers. The musculature associated with these is
poorly developed. There are some radiating bundles, but a
recognizable pattern is not established in this area.
The ventral surface of the prepatagium has a distribution
of follicles as shown in figure 94, page 147. The follicles at the
distal end of the under marginal tract are so closely placed
and are surrounded with such masses of connective tissue that
the feather muscles could not be seen, but the foUicles more
proximally located, namely on a line opposite the elbow,
show a peculiar pattern of muscle bundles (fig. 273). Only
the large muscles joining the contours have been included;
for the sake of clarity the small bundles associated with down
feathers have been omitted, except in a band across the
middle of the drawing. The follicles of the contour feathers
along the leading edge are close together and take on a pat-
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tern of narrow isosceles triangles. Between the fourth and
Feather muscles extend caudally as far as the anterior
sixth rows, the follicles are farther apart and irregular quadedge of the postpatagium, but they were not observed in the
rilaterals take shape, but usually one corner is cut off by a
webs of tissue between remex fohicles. Search was made
diagonal. The seventh row is far removed from the sixth. The
for muscles paralleling the follicles or joining the fohicles
space is crossed by robust anteroposterior muscles. The
laterally, but none was observed in the duck, although they
folhcles of the seventh row are joined together by a proximowere present between remiges in the wing of the turkey and
distal muscle row.
especiahy so in the chicken. Further study of the smooth
The under prepatagial apterium occupies much of the
musculature of the avian wing is certainly needed.
under surface of the wing, extending from the wrist to the
The upper major secondary coverts lay on top of remex
axillary fossa and from the under marginal coverts to the
folhcles, thus obscuring the possible muscle connections besubhumeral and under forearm tracts (fig. 94, p. 147). The
tween them. The musculature for the remainder of the coverts
apterium bears a large number of closely placed down
is shown in figure 272.
feathers. Radiating muscle bundles are numerous around
Several muscles arise from the base of each secondary
these follicles and many join adjacent folhcles, but distinct
remex foHicle and join the follicles of upper median secondary
patterns equivalent to those observed in the downs of the
coverts (fig. 272). Some of these muscles establish parts of
scapular apterium (fig. 270) were not established in the
anterodistal and posterodistal rows so that the remiges and
under prepatagial apterium.
the upper major, median, and minor coverts are linked with
The under forearm tract is composed of one long row and
the upper marginal coverts of the prepatagium. Down feathers
two incomplete rows of feathers that parallel the trailing
in general have not been shown in the illustration, but the
edge of the wing from wrist to elbow. The intermediate of the
one row that has been included shows a muscle connection
three rows is the longest. This description is based on musto the upper median covert on the distal side and to the
culature and it differs from that based on pter^dosis (fig. 94).
upper minor secondary covert on the proximal side.
In the latter study this tract is represented as two rows
The study of musculature in this part of the wing subfrom elbow to wrist. The musculature is dominantly the
stantiates the decision made in the pterylosis study (fig. 91)
radiating type, but those bundles directed toward an adjacent
that upper minor secondary coverts should be hmited to
folhcle join with the radiating bundles. The interfoUicular
only a single row—at least on a morphological basis. All
muscles, however, are not prominent, the radiating pattern
fohicles anterior to these are linked together in the quadribeing the more conspicuous.
lateral pattern characteristic of the upper marginal coverts
A long, but very narrow, under forearm apterium sepaof the prepatagium. On the ventral side of the wing it is
rates the under forearm tract from the under secondary
convenient to recognize a second row of under minor secondcoverts, and within the space are many fohicles of small down
ary coverts.
feathers. Some muscle bundles arise from these follicles, and
near the caudal end of the apterium, they cross the space by
Posterior appendage
passing from one follicle to the next. However, no w^elldeveloped long muscles cross in an anteroposterior direction.
Femoral tract.—The boundaries of the femoral tract are
Particular attention was given to the secondary coverts,
precise and regular, forming squares or diamonds with only
upper and under, and to the remiges. There were 18 secondslight differences in the lengths of the two diagonal axes
aries on both the right and the left wings of this White Pekin
(fig. 274). In many of the squares, thin muscles radiate from
Duck, whereas only 17 were found in the specimens used for
the corners toward the interior and attach to follicles of down
the pterylosis study (figs. 91 and 94) after subtracting one
feathers. Often the approach of the muscle bundle is tanfor the missing fifth. Humphrey and Clark (1961) report
gential to the down feather, with the result that its folhcle
a variation from 17 to 19 in the Mallard. On the specimens
is wrapped on ah sides with muscle. This type of attachment
used for the pterylosis study, a distinct diastema was associwould tend to rotate the feather, usually, however, the
ated with the ''missing fifth" secondary. In the wings of the
muscles approach the down feather folhcle perpendicular to
adult female prepared for the study of feather musculature,
the surface. Figures 274 and 270 are shown at the same
no space was indicated. The musculature failed also to give
magnification so that the reader can compare the down
evidence of an intercalated row.
musculature of a tract with that in an apterium.
Mention should be made of the way in which the material
Crural tract; intracrural and lateral abdominal apteria.-—
was prepared. The skin was removed from both surfaces of
In the pterylosis study (fig. 89), we observed a continuity
the wing in one piece by carefully splitting lengthwise each
between the femoral and crural tracts. This fact is confirmed
remex folhcle and separating the integument from underby our observations of the musculature. The pattern of
lying subcutaneous tissues and muscles. Attachments of
feather musculature in the crural tract is much less regular
dorsal and ventral surfaces were retained along the leading
than in the femoral tract. As the muscles approach the scales
edge of the wing. When light from below was passed through
in the hock region, the anterodistal bundles become accenthe stained preparation, fairly satisfactory observations were
tuated, and the oblique bundles become less prominent.
possible, although in some parts of the skin the preparation
A proximodistal row parallels the limb axis.
was too thick to distinguish between muscles and follicles.
The lateral abdominal apterium is continuous with the
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DORSAL

Follicle of down feather
POSTERIOR

Follicle of contour feather
Muscles between contour
and down feathers

Muscles between
down feathers

Bundles of feather muscles

274.—Outer surface of the femoral tract at its center, showing the relationship of musculature of down feathers to
contour feathers. The down feathers within a quadrilateral vary in size and in the number of muscle bundles. Figures 270 and
274 are drawn at the same magnification to facilitate comparison. White Pekin Duck, right leg. Bouin fixation, unstained and
not cleared.

FIGURE

intracrural apterium. Both contain down feathers joined by
delicate but irregularly arranged muscle bundles. Sheets of
apterial muscles are absent.

Common Pigeon
Head and neck
Capital tracts.—At the upper end of the neck and continuing on to the head, the follicles are close together. At a low
magnification of 3X, it is impossible to distinguish muscle
bundles, but at 70X, it can be determined that such muscles
are present and that they have a dominant longitudinal
orientation. Other muscle bundles are oriented to make
oblique rows, which extend outward from the midline in
lateral and forward directions. On top of the head at the level
of the eyes, the follicles are relatively far apart and the
musculature is vague, but the longitudinal orientation can
still be distinguished. Anterior to the eyes, the foUicles on top
of the head are close together; the muscle bundles are distinct
but form an irregular pattern of squares, triangles, and other
shapes. The follicles caudal to the external ear opening are
far apart, and the muscles spread fanlike but unite with
muscles of adjacent follicles.

Dorsal cervical and interscapular tracts; scapular and interscapular apteria.—The most dominant rows of the dorsal
neck are anterolateral. In the upper part of the neck, these
rows are crossed by nearly longitudinal rows that anteriorly
converge toward the midline. Posterolateral rows are absent
except for isolated bundles in this portion of the neck. The
longitudinals terminate at about the junction of anterior and
middle thirds of the neck. As shown in figure 275, the anterolaterals in the upper part of the figure approach the midline at
an angle of about 50° and the posterolaterals, at an angle of
about 30°. In the lower part of the figure, the angles change to
80° and 40°, respectively.
In the anterior third, a longitudinal row follows the middorsal line exactly, whereas in the caudal two-thirds, after the
longitudinal rows disappear, the junction of rows from the
right and left sides forms an irregular pattern and may form
three-, four-, or five-sided polygons.
Again we face the problem of identifying a logical boundary between the dorsal cervical and interscapular tracts. In
the turkey and the duck the character of musculature
changed from small quadrilateral units to large ones. When
the same criterion is applied to the pigeon, the boundary is
located at R-L (fig. 275), though the transition is gradual, not
abrupt. In the pterylosis study (fig. 95), the boimdary was
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arbitrarily placed at R'-L', namely at the anterior end of the
scapular apterium. The level R"-L" marks the anterior end
of the interscapular apterium. The limited number of species
studied here makes it impossible to draw any generalizations,
but obviously an extensive study of feather musculature for

Middorsal line

Dorsal cervical
tract

the dorsal neck is needed. The pigeon would be a suitable
bird for such a study.
The rows are farthest apart at the R'-L' level. Caudally,
the follicles become more closely placed within rows, also
the rows are closer together. Approximate symmetry of
pattern is maintained as far caudally as the line R"-L", except that posterolateral and longitudinal rows may be
irregular and when combined with the robust anterolateral
rows, do not always produce parallelograms or triangles.
Caudal to the line R"-L", the pattern of muscles between
follicles becomes greatly disturbed. Immediately anterior to
the interscapular apterium is a strong row of longitudinal
muscles in the midline. The row ends abruptly after crossing
a few anterolateral rows; four were crossed in the specimen
from which figure 275 was taken.
The interscapular apterium illustrates clearly how the
space between follicles may be stretched apart and apteria
produced in the process. At the anterior end, the first median
follicle is joined to adjacent follicles on each side of it with
muscles that differ very little in length from those in the
interscapular tract. The muscles of the second median
follicle, however, cross the apterium and are therefore considerably longer than those of the first median follicle.
Muscles of the third median follicle are the longest of all.
Beyond here median follicles disappear, and it seems significant that no apterial-type muscles span this featherless
space.
The lateral cervical and scapular apteria have broad continuity with one another. The follicles at the lateral edge
of the interscapular tract are connected to numerous long
muscle bundles that transversely span the entire width of the
lateral cervical apterium. In the scapular apterium the
situation is different : Small follicles are scattered in the space,
and because they are relatively close together, the muscles
joining them are short.
The lateral cervical apterium extends anteriorly only a
short distance. Therefore, throughout most of the neck there
is continuity between dorsal and ventral cervical tracts.
Even the muscle feather rows of one tract show no break or
interruption as they curve around the neck to become part
of the other tract.
The interscapular apterium is a triangular space bounded
laterally by the two forks of the interscapular tract. Its
boundary at the dorsal tract is an arbitrary one. The space

275.—Inner surface of the dorsal neck skin showing
three possible levels for the separation of dorsal cervical
and interscapular tracts. R~L is the region of transition of
closely spaced to widely spaced follicles; R'-L' is the
anterior end of the scapular apterium. If the latter is
chosen as the junction of the dorsal cervical and interscapular tracts, then the featherless space would be
designated the scapular apterium. R"~L" is the anterior
end of the interscapular apterium. Common Pigeon.
Bouin fixation, hematoxylin stain.
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Interscapular apterium
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is devoid of apterial muscles except for radiating bundles
around scattered follicles of down feathers.
Suhmalar and ventral cervical tracts; ventral cervical apterium.—Muscles are attached to the follicles of the small
feathers found in the submalar tract. The pattern is irregular,
and the muscles generally are too delicate to show rows
clearly.
The ventral cervical tract on each side of the neck has
distinct anterolateral and posterolateral rows of feather
muscles. These cross at about right angles, thereby producing
a pattern that is mostly squares with some diamond-shaped
parallelograms. Diagonal muscle bundles are absent. The
pattern of rows and squares continues without interruption
on into the pectorosternal tract. A row of down feathers hes
in the midline of the ventral cervical apterium. The muscles
from these unite with anterolateral and posterolateral rows.
In an area where a down feather is absent from the center of
the apterium, the feather muscles from the marginal follicles
of the ventral cervical tract pass transversely across the full
width of the ventral cervical apterium.
In the pigeon, a lateral branch of the ventral cervical tract
extends from the base of the neck to the wing in a narrow
column three feathers wide. These feathers are so close
together that individual muscles cannot be distinguished,
but the general opacity of the area indicates that many are
present.
Dorsal and lateral body
Dorsopelvic and caudal tracts; dorsal, median pelvic, lateral
pelvicj dorsal caudal, and lateral body apteria.—The anterior
end of the dorsal tract is weak. Long, slender, feather
muscles cross the narrow apterium between interscapular and
dorsal tracts. The strongest part of the dorsal tract is composed of a narrow band of feathers on each side of the dorsal
apterium. The musculature here of both anterolateral and
posterolateral rows is so compressed that the rows have a
longitudinal orientation. Lateral to these, the follicles of the
remainder of the dorsal tract are arranged in a pattern of
squares or diamond-shaped parallelograms. The musculature
is delicate, and at the lateral edge of the dorsal tract the
musculature and follicles merge into those of the powder
down feathers on the lateral body.
The musculature of the dorsal tract retains the same
pattern onto the anterior half of the pelvic tract. In the
posterior part of the pelvic tract is a strong set of longitudinal rows. The posterolateral rows in the latter location are
still well developed, but the anterolateral rows become weak,
although the row pattern still persists. The dorsal caudal
tract has the same organization of musculature as that of
the caudal part of the pelvic tract except that the rows are
closer together. Petry (1951: 529) claimed to have observed
elastic tendons that joined smooth muscle to striated muscle
in the tail region of the pigeon. Our histologie studies on the
chicken failed to confirm this relationship, but an extensive
search was not carried out on this point.
The dorsopelvic apterium is about 4 mm. wide at its
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anterior end and about 9 mm. at its widest point, namely at
the junction of pelvic and dorsal caudal apteria. From here
onto the uropygeal eminence the width is only sUghtly reduced. Follicles of down feathers are present in the dorsal
apterium and in the anterior half of the pelvic apterium.
Dehcate muscle bundles radiate from them, some muscles of
which extend laterally to join adjacent folUcles of the dorsal
and pelvic tracts. In Petry's (1951, fig. 1) study, the anterolateral and posterolateral rows are well developed, w^hereas in
our material these rows did not stand out from the other
radiating bundles. Apterial muscles are absent.
Follicles of down feathers are absent from the caudal half
of the pelvic apterium and from the dorsal caudal apterium.
Transverse muscle bundles stretch across the space, thereby
joining follicles of contour feathers that border the apterium
(fig. 276). These transverse bundles have the characteristics
of feather muscles rather than those of apterial muscles. The
spacing is such that the muscles form a row of squares,
which may be crossed by an occasional diagonal bundle.
Figure 276 should be compared with the caudal half of the
median pelvic apterium illustrated by Petry (1951, fig. 1).
This author, however, was concerned primarily with the
elástico-muscular systems rather than with the morphology
of feather and apterial musculature.
Broad sheets of muscles are well developed in the lateral
pelvic apterium and especially so in the lateral body apterium
between thigh and wing. These are areas in which powder
down feathers are well developed. Their follicles show broad
sheets of muscles attached to them. The follicles are short,
and the apterial muscles may pass beneath them without
interruption. As one moves caudally to approach the anterior
margin of the femoral tract the follicles become longer,
apterial muscles disappear, and feather muscles replace
apterial muscles.
At the caudal end of the lateral pelvic apterium and in the
lateral caudal apterium, the feathers show mixed characteristics of powder down feathers and contour feathers. The
musculature remains about the same, namely broad sheets
of apterial muscles, some of which join follicles in their path
but do not concentrate into muscle bundles to form rows.
Ventral and lateral body
Pectorosternal, lateral body, and abdominal tracts; sternal
and abdominal apteria.—In the pterylosis study, the entire
width of the breast from keel to base of wing was uniformly
covered with feathers, but in the stained whole mount,
follicles in this region fall into three groups—sternal, pectoral,
and lateral body tracts. In the pterylosis study (ch. 3), no
description was given for the lateral body tract in the pigeon
because all feathers of the ventral thoracic region appeared
to be a single unified tract, and apteria separating these
groups were lacking. However, the study of the musculature
revealed that feathers were arranged in groups and that
apteria were present.
In the galliform species described previously, the pectoral
tract was a continuation of the ventral cervical tract; the
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ANTERIOR
Median pelvic apterium
Feather muscle crossing
apterium transversely

Pelvic tract

Anterolateral row
of feather m

A feather follicle

LEFT

RIGHT

Diagonal feather muscle
crossing apterium

Posterolateral row
of feather muscles

Anterior end
of dorsal caudal apterium

T

Longitudinal row
of feather muscles

5 mm.

276.—Inner surface of the skin of the pelvic tract, showing the median pelvic apterium crossed by transversely
oriented feather muscles. The longitudinal rows of feather muscles are well developed; the anterolateral and posterolateral
rows, less well developed. See figure 256, B, for terms used in naming muscle rows. Common Pigeon. Bouin fixation, hematoxylin stain.
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sternal tract began at the anterior end of the keel and was
separated from the pectoral tract by a space. In the pigeon
there is complete continuity between ventral cervical and
sternal tracts, and the musculature pattern is the same in
both. In galliforms the pectoral tract can be first recognized
at the wing level; it continues caudally to the end of the
keel, where it ends abruptly. It is distinguished from the
sternal tract, with which it has continuity throughout its
length, by a difference in character of the musculature. This
difference is as follows: the pectoral tract is three to four
foUicles wide. These follicles are crowded together in a
longitudinal band only 4 to 6 mm. wide, whereas an equal
number of follicle rows in the sternal tract is spread apart
for a distance of about 12 mm. The chief muscle rows in the
pectoral tract are anterolateral and posterolateral. Although
there is considerable continuity with similar rows in the
sternal tract, the shift in direction of rows between each of
these tracts is 45° and more, and therefore the continuity of
the rows is difficult to follow.
The follicles in the prolatus are those characteristic of
powder down feathers. The group anterior to the femoral
tract has already been mentioned. Follicles that extend from
the lateral margin of the pectoral tract toward the axillary
fossa beneath the wing correspond in position to the lateral
body tract. The follicles, about 42 of them, are arranged in
intersecting rows, but the musculature does not follow this
pattern. Around these follicles and radiating from them are

sheets of flat muscles. They join adjacent folHcles but fail to
be concentrated into bundles.
The sternal and abdominal tracts of the right and left
sides are widely separated by the fusiform midventral
apterium. The sternal apterium at its anterior end is about
4 mm. wide, at wing level, about 10 mm., and at the caudal
end of the keel, about 20 mm. The median abdominal apterium continues on from the sternal, decreasing to a width of 10
mm. at the cloaca. The musculature within the ventral body
apteria, namely within sternal and abdominal tracts, varies
at different levels along this broad featherless space. At the
anterior end, where the space is relatively narrow, is a
median row of small folHcles whose muscles are diagonally
oriented and become part of the anterolateral and posterolateral rows belonging to the tracts on each side of the apterium. These median follicles disappear at wing level. From
here caudally the apterial muscles cross the space nearly
transversely. At the anterior part of the sternal apterium,
which is relatively narrow, the apterial muscles are numerous,
cross the full width of the space, and have a minimal number
of elastic tendons in the central portion. Toward the widest
part, namely at the caudal end of the sternum, the muscles
become more widely spaced and the elastic tendons become
longer. In the widest part, apterial muscles no longer span
the space, but they extend into it about a third of the distance
and terminate. Petry (1951: 539), who also observed that
these muscles did not cross the apterium, noted that they
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became diffused in the elastic net of the skin before they
reach the median Hne.
Even in the abdominal apterium, which becomes progressively reduced in width, the muscles do not reach the
midline, due probably in large part to the umbiHcal scar,
which is about 11 mm. long in the adult pigeon. Caudal to the
umbilical scar, is a short space anterior to the vent where the
muscles again cross the apterium. These are intermediate
between apterial and feather types.
Anterior appendage
Humeral tract—The base of the wing was the only part
preserved for study. The humeral tract is about seven
feathers wide at the leading edge and five at the caudal edge.
The musculature establishes both transverse and longitudinal rows as seen with an unaided eye, but under 70 X
magnification the enclosed spaces are very irregular and the
number of sides ranges from three to six. In the anterior half
of the tract, the transverse rows incline anterodistally.
Posterior appendage
Femoral trad.—The follicles in the middle of the femoral
tract and its anterosuperior angle are in general arranged in
squares that are joined together by slender muscle bundles.
One set of rows (the anterodistals) parallels the infracaudal
margin. These rows are crossed at right angles by a second
set (the posterodistals). Some diagonals are present, which
cut the corners of the squares in a proximodistal direction.
An enlarged view of about eight follicles of the femoral tract
was shown by Petry (1951, fig. 2). Broad sheets of apterial
muscles radiate from all margins of the femoral tract. All of
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these, except the crural, have been described in a preceding
section.
The rows that approach the infracaudal margii) come increashigly close together. We estimate that the number of
rows involved is five to seven. The musculature is robust, but
lacks a geometric pattern, mainly because follicles in one
row alternate in position with those in the next row. As in
the turkey (fig. 268), the most infracaudal row of follicles is
joined by a large band—the tensor muscle of the femoral
tract. It has a broad, fan-shaped origin in the caudal part of
the lateral pelvic apterium and converges toward the dorsal
end of the infracaudal tract where it becomes narrower and
thicker. From here it attaches to the follicles of the last row
and, in part, to those in the next to last row along the infracaudal margin. Along the margin, the initial massive bundle of
smooth muscle diminishes in size and disappears about
midway toward the inferior angle.
Crural trad; crural and intracrural apteria.—The width of
the crural apterium is about equal to the distance between
rows in the superior part of the crural tract. The musculature
in all of the apteria and in the entire crural tract is the same,
namely a broad sheet of apterial muscles and a complete
absence of feather muscles.
The muscle bundles originate in the lateral abdominal,
intracrural, and crural apteria. When the bundles reach the
crural tract, they curve toward a vertical orientation and
incorporate the small follicles within the sheet of muscles.
The apterial muscle bundles bend slightly toward the
folhcles, but there is no indication of typical feather muscles.
Toward the hock joint, the proximodistal orientation of the
muscle bundles is emphasized by the long, slender muscles
separated by spaces. This causes their attachment to follicles
to become more apparent.
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General
The descriptions of patterns of feather and apterial musculature were based on observations with the unaided eye or at
low magnifications. Our chief concerns were with the direction of rows, the relationship of pterylosis to musculature,
the differences between feather and apterial muscles, and the
associations of the prominence of the musculature to the
feather type. In this chapter, as in others throughout this
volume, we move from the gross to the subgross and then to
the microscopic.
Small samples of skin, 4 to 6 cm. in diameter, were held
flat during fixation by two rings, one inside the other, hke
embroidery hoops. The skin was dissected under the microscope by the use of needles whose tips had been sharpened to
points or to small knives. Dissected structures were outlined
by the use of a camera lucida at 15 X magnification. Additional details on these techniques are given in chapter 10.
In order to show properly the relationship of muscles to
follicles and to understand the functions of feather muscles,

we considered four follicles as a group. This was done in
figures 277 and 280 to 285. In the illustrations, the calamus
of the feather is shown cut off close to the neck of the follicle.
The orientations of each group were indicated on the drawings and should be compared with the tract as a whole.
Langley (1902 and 1904) discussed, primarily, the physiology of feather movements and, to a lesser extent, the morphology of the muscles involved. Langley (1904) reviewed
the earlier literature. He credited Nitzsch (1840) with noting
that nonstriated muscles were attached to feathers. Seuffert
(1862) emphasized that these were smooth muscles and observed that the muscles did not join the follicle walls directly
but made the junction by way of elastic tendons.

Chicken
Parallelogram units of feather muscles and follicles
Unit from femoral tract,—We mentioned earlier that the
femoral tract was particularly favorable material for study,
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in that the skin in this location was thin and relatively free
from fat, the feathers were widely spaced, and the musculature was arranged in nearly perfect squares in the central
part of the tract. The axes of the follicles in the femoral tract
are downward and backward (fig. 277). In the gross, rows of
feather muscles were classified by the orientation they had
to the body axis as ant erolateral, posterolateral, longitudinal,
and transverse.
Langley (1904: 242) defined the three types of muscle
according to function as follows :
Muscles which pass from the neck of one feather to the end (bulb)
of a feather foUicle anterior to it, I shall speak of as erector muscles.
Muscles which pass from the neck of one feather to the end of a
feather posterior to it, I shall speak of as depressor muscles.
The muscles which pass from neck to neck of the roots draw the
feathers together, with little or no depression or erection of the
shafts; these I shall call retractor muscles. In nearly all cases they
form the upper part of a depressor muscle.

Langley also noted that any one of the muscles could
cause rotation if the pull were exerted to any degree on either
side of the follicle axis.

In figure 277 the antagonistic arrangement of the muscles
is clearly revealed. The erector muscle (m. erector) connecting the two follicles on the right-hand side of the illustration
pulls on the bottom of the follicle nearest the top of the page,
thereby bringing the feather to a more upright position. At
the same time, the opposite end of the muscle pulls on the
upper end of the next follicle, causing it also to move to a
more erect position. The shaft, during elevation and depression, may be regarded as rotating around an axis set at right
angles to the axis of the follicle. We assume that such a fulcrum would be located in the uppermost layers of the skin.
Actually, it could be located anywhere along the length of the
follicle.
Figure 278 shows the muscles in two positions: A, with the
feathers pressed against the body and B, with the feathers
elevated. If the fulcrum is assumed to be near the surface of
the skin, then when an erector muscle contracts, it shortens
and exerts equal pull on each of its ends. However, because
end 1 is near the fulcrum, this pull has less effect than it has
on end 2, which is farther from the fulcrum.
As the follicles shift from a nearly horizontal to an erect

Anterodistal row

Posterodistal row

Elastic tissue

Depressor mm.
Follicular sheath
(coUagenic c. t.)

Diagonal muscle bundle
Erector mm.
Bulb of follicle

DORSAL
(PROXIMAL)

Neck of follicle
ANTERIOR -<Calamus of feather

DISTAL

277.—A dissection of feather muscles associated with four contiguous follicles from the femoral tract of the Smgle
Comb White Leghorn Chicken as viewed from the outside surface of the skin. Drawing is at a magnification of 15 X under
the low power of a dissecting microscope and a camera lucida. Details were then added freehand to the sketch. Fat and
connective tissues have been omitted and unimportant small structures have been schematized. See figure 265, C, for terms
used in naming rows.
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K.B.fwi/ve—

-Ends 2

FIGURE

278.—Three feathers and follicles.

A, depressed position.
B, erected position.
In each of these diagrams it is assumed that the surface of the skin
acts as the fulcrum, and the extent of movement at ends 2 will be
greater than at ends 1.

position, the depressor muscle (m. depressor) passively elongates. When the depressor muscles contract, the feathers are
brought close to the body. The reverse effects of the erector

muscles, are readily apparent; the end of the depressor muscle farthest from the fulcrum has the greatest effect on
feather movement. The end of a muscle that has relative
stability is called the origin; the end that produces movement of the part, the insertion. If these terms are applied to
feather muscles, the origins would be close to the epidermis
and the insertions, toward the basal end of the follicles (fig.
278, B, ends 1 and 2). We hesitate to apply these terms to
this material at present until we learn definitely the location
of the fulcrum. If the fulcrum were located at the basal end
of the follicle, the insertions then would be at the upper ends
of the muscles.
It is apparent from a study of the diagrams shown in
figures 277 and 280 to 285 that the muscles and folhcles are
in the erect position. This is probably due to the effect of
fixation and to the removal of supporting tissues during
dissection.
Two diagonal muscles are shown in part in figure 277.
Their dorsal ends are attached to the bulb of a follicle, and
the opposite ends were probably attached to the neck of the
follicle toward which they are pointed. They would act,
therefore, as erector muscles.
Thus far the description of muscles and the theoretical
considerations of function have been confined to folhcles
within one row, ignoring the pull of muscles from other follicles at right angles to these. It is apparent in figure 277 that
while a set of muscles elevates the follicles toward the top of
the page, other muscles at right angles to the first set elevate
the follicles toward the left side of the page. Because erectors
are pulling at right angles or nearly at right angles to each
other, the resultant movement of the follicle is in a direction
midway between the two component forces. Therefore, in

Germinal region of down feather:
Follicular cavity Epidermis of follicle Follicular connective
tissuL sheath
1

Differentiating region of down feather:

■ Epidermis
•Pulp
-Axial artery

Epidermis of follicle
Rachis
B ise of h irb
Down shtath

r
!
I

)er of epidermis
cavity

Epidermis -■CP|^W¿,r;.íl/r

Dermis—"

Subcutis

Elastic lamina

FiGUEE 279.—Semischematic cross section of skin from the femoral tract of a chicken embryo near hatching to show the
crossing of feather muscles between two folhcles. Compare with figure 277 for the three-dimensional organization. The
details of skin histology are discussed in chapter 9. Abbreviation: m., muscle.

464

CHAPTER 8—FEATHER AND ARTERIAL MUSCLES
Anterodistal row

Posterodistal row

Elastic tendon

Bulb of follicle
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(PROXIMAL)
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DISTAL
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280.—Feather muscles of the femoral tract shown in figure 277 but as viewed from the inside surface of the skin. See
legend of figure 277 for technique details of the drawing. See figure 265, C, for terms used in naming muscle rows. Abbreviations: c. t., connective tissue; mm., muscles.

FIGURE

this illustration, the feathers are raised and lowered, not
along the axes of the rows, but rather along diagonal axes.
However, it is not this simple. The direction of movement
would be influenced also by the relative strength of the muscles in each crisscrosshig row. This influence is particularly
apphcable to feathers in some tracts, other than the femoral,
where feathers in a row are close together and the rows are
far apart. If muscles on two opposite sides of a quadrilateral
are strong or long and those on the opposite two sides are
weak or short, the plane in which the feather shaft is raised
and lowered will be different from that in which it is moved
if muscle lengths or strengths were similar. Another factor is
the proportionate size of adjacent angles in a rhomboid figure.
Muscles forming the two sides of a small enclosed angle have
a greater effective force on the feather than have equally
strong muscles that form the two sides of a large enclosed
angle. Still another factor is the direction in which the follicle
is implanted in the skin. If this direction coincides with one
row of muscles, then these muscles will be much more effective in determining the plane of rise and fall of the feather
than will those muscles that act laterally as modifiers of the
primary movement.

As shown in figures 277 and 280, muscles extend from the
bulb of one folhcle to the neck of another adjacent to it and
subdivide into fascicles that interdigitate through longitudinal splits in the antagonistic muscle. Sometimes only one
of a pair of muscles is pierced, and in other places interdigitation involves both muscles of a pair, as shown on the lefthand side of figure 277 and the right-hand side of figure 280.
These variations were observed by Langley (1904) also. The
crossing and interdigital penetration of one muscle by another
can be seen equally clearly in figure 279. These sections were
made from the femoral tract of an embryo near the hatching
age. At this age the follicles are sufficiently close together to
allow various important features to be shown in the same
section. In this illustration, elastic tendons are shown as
black bands between the ends of the muscles and the follicle
wall. At 19 days incubation, these elastic tissues are not
developed well enough to be specifically stained, but they are
strongly stained at hatching. Note that the feathers shown
in figure 279 are natal downs (first generation feathers)
rather than contour feathers of some later generation, which
demonstrates that the muscles to the follicles of the down
feather are as well established before hatching as they will be
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later. This point was mentioned previously when the musculature of the chicken at hatching (fig. 258, p. 427) was compared with that of the adult (fig. 257). Sections from hatched
chickens that show the crossing of feather muscles were
published by Ostmann et al. (1963a).
Rotational movement is accomplished by the fact that the
point of insertion on the circumference of the follicle differs
from the point toward which the muscle approaches the
follicle. Each end of one of the muscles in figure 279 clearly
curves around the follicles at its two ends, and both feathers
will be rotated in the direction of muscle pull (m. rotator),
whereas the antagonistic muscle attaches on sides opposite
the first muscle and will rotate the follicles in the same direction. These muscles bring about feather erection and depression also and, because of the way in which the attachments
are made, rotation can occur concurrently with other types
of movement.
Some details can be clarified by shifting the viewpoint of
the study from outside to inside the skin. Figure 280 is an
inside view of the same follicles shown in figure 277. The
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elastic tendons, intercalated between the bundles of smooth
muscle and the collagenic fibers of the follicle wall, are clearly
diagramed. The end of the bulb should show a pit into which
dermis enters. The connective tissue of the pit forms the
dermal papilla. The dissections were made on unstained material; therefore, it is nearly impossible to distinguish these
papillae. On stained whole mounts they appear as small, intensely colored disks at the terminal end of the follicle.
Unit from dorsal cervical tract.—It is common knowledge
that hackle feathers can be erected rapidly. Feathers may
be moved individually into various positions and may be
rotated. It is not surprising, therefore, that the musculature
of the dorsal cervical tract is more complex than that of any
other tract. Although the muscles are numerous (figs. 281
and 282), there are but three major types—erectors, depressors, and retractors (?n. retractor). Rotation depends on the
manner in which the muscles are inserted on the follicle and
the resulting combination of any of the three muscle types.
An example of a rotator muscle is clearly shown on the righthand side of figure 281. The dorsal view reveals a considerable

Longitudinal row
Posterolateral row

Depressor m.

Retractor mm
Follicular sheath
(collagenic c. t.)
Elastic tendon
Neck of follicle
Calamus of feather

Diagonal mm.

Anterolateral row
Erector m.
(also rotator)

Elastic tendon

>■ DORSAL

281.—A dissection of feather muscles associated with four contiguous folHcles from the left side of the dorsal cervical
tract (hackle) of the Single Comb White Leghorn Chicken. Viewed from outside surface of skin. See legend of figure 277 for
technique details of the drawing. Abbreviations: c. t., connective tissue; m., mm., muscle(s).
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Follicular sheath
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282.—A dissection of feather muscles associated with four contiguous follicles from the left side of the dorsal cervical
tract (hackle) of the Single Comb White Leghorn Chicken. Viewed from inside surface of skin. See legend of figure 277 for
technique details of the drawing. See figure 256, B, for terms used in naming muscle rows. Abbreviations: c. t., connective
tissue; m., mm., muscle(s).

FIGURE

number of retractors. The interdigitation of erector and depressor muscles is seen best in ventral view (fig. 282).
Some muscles approach the follicle directly, others curve
around the side of the follicle and thereby produce rotation
of the feather. Some small bundles, particularly diagonals,
split and pass on each side of the follicle, encircling it more
than half way. It is not known if these fascicles can act independently of each other, but if they can do so, then some
rotation can be effected by these muscles. If both fascicles
act together, the follicle will be tugged slightly toward the
center of the square. Here, as elsewhere, none of the muscles
is directly united to a follicle wall. Instead, an elastic tendon
is always inserted between the smooth muscle and the collagenic tissues of the follicle. Elastic tendons often interrupt
the feather muscles. This was observed in the studies at low
magnification. Examples may be seen in some of the diagonal
muscles of the femoral tract (fig. 265). Several muscles that
were joined to the same tendon (figs. 281 and 282), were

labeled merely as elastic tendons in the illustrations. The full
name given to these is "elastic tendon of a feather muscle"
(i. elástica musculi pennati).
Units from crural tract.—The musculature of the inner side
of the crural tract (figs. 283 and 284) stands in marked contrast to that of the dorsal cervical tract. The basic plan for
feather muscles, exemplified in the femoral tract, has been
retained, although the muscle bundles are few in number.
Erector, depressor, and retractor muscles are present. All
have prominent elastic tendons, and by means of these elastic
tendons, extensive anastomoses of the muscle bundles occur.
Study of figures 283 and 284 aids in understanding fully the
three-dimensional relationship of muscle connections with
the follicles, because the muscle bundles are far enough apart
to reveal the details.
Figure 285, taken from about the same region as figures
283 and 284, shows a few muscle bundles spanning the narrow
dimension of the quadrilateral. These muscles are retractors.
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rather than erectors or depressors. Usually, where the musculature is weak, muscle bundles tend to be arranged radially
around the follicle, as exemplified in figures 283 to 285.
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to the bulb. Such down feathers, having so many muscles
with so many diverse points of attachment, should be capable
of movements that are extensive and also delicately graduated.

Down feather
The extreme pattern of radiation occurs around the follicles of down feathers and small semiplumes (fig. 286). Muscles are attached to a follicle at all levels of its length. It is
only because the feather is inclined in respect to the surface
of the skin that it is possible to assign to some muscle bundles
the function of erectors and to others the function of depressors. Some of each may be attached to the neck and others

Blood Vessels and Nerves
to the Integument
General
Our study of the integument included the mapping of the
cutaneous arteries and veins, as seen in dorsal, lateral, and
ventral views, for the surface of the whole body. However,

PROXIMAL

Follicular sheath
(collagenic c. t.)

Calamus of feather
Depressor mm.

Retractor mm.
(diagonal muscle bundles)
Erector mm.
Elastic tendon

Retractor m.

Elastic tendon
Neck of follicle

Calamus of feather

DISTAL

283.—A dissection of feather muscles associated with four follicles of the medial surface of the crural tract, viewed
from outside the skin. In this area, the muscle rows are strongly developed in a proximodistal direction, and the diagonals are
nearly as strong as the verticals, but the transverse muscle rows are absent altogether. Adult female Single Comb White
Leghorn Chicken. See legend of figure 277 for technique details oí the drawing. Abbreviations: c. t., connective tissue;
m., mm., muscle(s).

FIGURE
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we found that an account of terminal vessels could not be
adequately presented in this volume, without including a
description of the major vessels with which they were connected. However, we do describe the nerve and blood supplies to one small area of the skin, namely, those to the
femoral tract. This is done though it involves tracing the
arteries to the descending aorta, the veins to the inferior
vena cava, and the nerves to the lumbar and ischiatic
plexuses.
Three neurovascular triads supply the femoral tract; their
locations are shown in figure 265, B, by asterisks. One of
these (*) enters the dermis at the dorsocentral part of the
tract, another (***) at the superior part of the infracaudal

margin, and the third (**) near the middle of the infracaudal
margin. For convenience in referring to each of these, we
have used the terms "dorsocentral," "dorsocaudal," and
"midinfracaudal neurovascular triads," respectively. The
vessels and nerves for these triads are labeled in figure 287.
The relationship of nerves to the pelvic girdle is shown in
figure 288. Many different names have been used for the
arteries, veins, and nerves. The terms selected to be used in
this volume were derived usually from the literature. In
some instances the selected term was a slight modification of
a name found in the literature. On rare occasions a new term
was coined. Sources and some discussions of terminology are
given in footnotes and in the following tabulation :

PROXIMAL

Elastic tendon

Erector mm.

Bulb of follicle

FoUicuIar sheath
(collagenic c. t.)

Elastic tendon

Neck of follicle
Calamus of feather
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Retractor mm.
(diagonal muscle bundles)
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DISTAL

284.—A dissection of feather muscles of the crural tract. Four follicles from the medial side of the crural tract, viewed
from the inside surface of the skin. Compare with figure 283. See legend of figure 277 for technique details of the drawing.
Adult Single Comb White Leghorn Chicken. Abbreviations: c. t., connective tissue; mm., muscles.
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285.—A dissection of feather muscles associated with four folhcles of the medial surface of the crural tract, viewed
from outside the skin. Strong proximodistal rows are present, but the transverse rows are weak. Single Comb White Leghorn
Chicken. See legend of figure 277 for technique details of drawing. Abbreviation: mm., muscles.
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Terms Used in This Volume for Arteries
[Names found in the literature follow the preferred name]
Terminology^

Source

A. iliaca externa
A. eruralis
Barkow (1829: 324)
A. eruralis
Gadow and Selenka (1891: 783)
A. eruralis s. a. iliaca externa.. . .Kaupp (1918: 228)
A. eruralis
Otte (1928), quoted from Westpfahl (1961)
A. iliaca
Sapy (1941: 21)
A. iliaca externa
Grzimek (1933: 15)
A. iliaca externa
Westpfahl (1961: 117)
A. iliaca externa
Nishida (1963: 93)
A. ischiadica
A. ischiadica
A. ischiadica
A. ischiadica
A. ischiadica

' Abbreviations are:

Barkow (1829: 326)
Gadow and Selenka (1891: 783)
Kaupp (1918: 224)
Otte (1928), quoted from Westpfahl (1961: 100)
A. = Arteria; Aa. = Arteriae.

A.
A.
A.
A.

ischiadica
ischiadica externa
ischiadica externa
ischiadica

Aa. tumbales
Aa. lumbales
Aa. lumbales

Sapy (1941: 23)
Grzimek (1933: 17)
Westpfahl (1961: 103)
Nishida (1963: 93)

Sapy (1941: 21)
Westpfahl (1961: 117)

A. pelvina interna
A. epigástrica
Barkow (1829: 324)
A.pelvicainternas.umhilicalis. . .Gadow and Selenka (1891: 783)
A. pélvica interna s.umbilicalis. . .Kaupp(1918: 228)
A. pélvica interna
Grzimek (1933: 15)
A. pélvica interna
Sapy (1941: 21)
A. pelvina interna
Westpfahl (1961: 117)
A. umbilicalis
Nishida (1963: 105)«
A. glútea cranialis
A. glutaea
A. glútea cranialis

Westpfahl (1961: 117)
Nishida (1963: 94)

2 Nishida (1963: 94) stated that Kato (1961) also used the term
"a. umbilicalis" in his "Comparative Anatomical Illustrations of
Domestic Animals."
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A, femoralis
A.femoralis
A, femoralis
A.femoralis
A.femoralis
A, femoralis
A. circumflexa femoris
A. circumflexa femoris.
A. circumflexa femoris
A. circumflexa femoris,
A, circumflexa femoris
A. circumflexa femoris
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Gadow and Selenka (1891: 783)
Kaupp (1918: 224)
Sapy (1941: 22)
Westpfahl (1961: 117)
Nishida (1963: 105)

Gadow and Selenka (1891: 783)
Kaupp (1918: 228)
Sapy (1941: 22)
Westpfahl (1961: 117)
Nishida (1963: 105)

A. genus suprema
A, genus descendens s, suprema. . . Sapy (1941: 22)
A. genus suprema
Westpfahl (1961: 118)
A. genus suprema
Nishida (1963: 99)
A, renalis inferior
A. renalis media
A, renalis.
A. recurrent renalis
A. renalis media
A. renalis inferior.

Barkow (1829: 326)
Gadow and Selenka (1891: 783)
Kaupp (1918: 229)
Sapy (1941: 23)
Westpfahl (1961: 117)

A. renalis inferior cranialis
A. renalis anterior
A. renalis inferior cranialis

Barkow (1829: 326)
Westpfahl (1961: 118)

A, renalis inferior caudalis
A. renalis posterior
A, renalis inferior caudalis

Barkow (1829: 326)
Westpfahl (1961: 118)

A. trochanterica
A. trochanterica
A. trochanterica
A. trochanterica

Grzimek (1933; 17)
Sapy (1941: 23)
Westpfahl (1961: 118)

A. glútea caudalis
A, glutaea
A, abductoria
A. glútea caudalis

Grzimek (1933: 17)
Westpfahl (1961: 118)
.Nishida (1963: 96)

A. profunda femoris
A. femoris profunda
A. femoris profunda and a. profunda femoris
A. profunda femoris

Westpfahl (1961: 118 and fig. 11)
Nishida (1963: 97)

A. nutricia superior femoris
A. nutricia ossis femoris
A. nutricia femoris
A. nutricia ossis femoris
A. nutricia femoris superior

Grzimek (1933: 17)
.Sapy (1941: 23)
Westpfahl (1961: 119)
Nishida (1963: 97)

A. femoris caudalis
A, femoris caudalis,
A, femoris caudalis s. suralis
A. femoris caudalis
A. tihialis posterior

Grzimek (1933: 17)
Sapy (1941: 23)
Westpfahl (1961: 119)
Nishida (1963: 98)

A. nutricia inferior femoris
A. poplitea propria
A. nutricia femoris inferior

Westpfahl (1961: 119)
.Nishida (1963: 98)^

Grzimek (1933: 17)

^ Nishida's term has been changed to "a. nutricia inferior femoris'^ to
give the name of this vessel the meaning, inferior nutrient artery of
the femur, rather than nutrient artery of the inferior fémur.

A. tihialis medialis
A, tihialis medialis
A. tihialis medialis
A. tihialis medialis.
A. tihialis medialis

Grzimek (1933: 18)
Sapy (1941: 24)
Westpfahl (1961: 119)
Nishida (1963: 99)

A. tihialis anterior
A. tihialis anterior
A. tihialis antica
A, tihialis antica
A, tihialis anterior
A. tihialis anterior
A. tihialis anterior
A. tihialis anterior

Barkow (1829: 327)
Gadow and Selenka (1891: 784)
Kaupp (1918: 230)
Grizmek (1933: 18)
Sapy (1941: 23)
Westpfahl (1961: 119)
Nishida (1963: 98)

A. tihialis posterior
A. tihialis posterior
A. tihialis postica
A. tihialis postica
A. tihialis posterior
A. tihialis posterior
A. tihialis posterior
Ramus tihialis

Barkow (1829: 327)
.Gadow and Selenka (1891: 784)
Kaupp (1918: 230)
Grzimek (1933: 18)
Sapy (1941: 24)
Westpfahl (1961: 119)
Nishida (1963: 98 and 106)^

^ Nishida considers the Ramus tihialis to be a branch of the a. tihialis
anterior.

Arteries to the femoral tract
Major arteries within the pelvic /ossa.—Each femoral tract
is supplied with blood from the aorta descendens through two
major arteries—an a. iliaca externa and, caudal to this, the a.
ischiadica. Both of these arteries distribute nearly all their
blood outside the pelvic fossa. Although only one pair of
iliac arteries is present, the modifying term ''external,"
given by Kaupp (1918), has been retained. The term "a.
iliaca externa'' was accepted in the Basel Nomina Anatómica in 1895, and its application to man continues to the
present. An a. iliaca interna as found in man is not so named
in the chicken. The area supplied by this vessel in man receives arterial blood from many branches of the ischiatic,
pudendal, and sacral arteries.
Between the two major arteries are several aa. lumbales
that arise in pairs from the aorta descendens, but these are not
discussed because they do not reach the thigh. The external
iliac artery arises from the descending aorta ventral to the
lumbar plexus about opposite the middle trunk (fig. 287). It
penetrates the kidney at the junction of the anterior and
middle lobes and leaves the anterior pelvic fossa through
the anulus femoralis. The anulus is a connective tissue ring
located anterior to the head of the femur, caudally bounded by
the ilium and the pectineal process. Nishida (1963: 94) observed that the femoral ring was formed mainly by the
tendon of the m. ahdominalis internus. Before entering the
femoral ring, the external iliac gives off the a. pelvina interna.
This artery parallels the inferior marign of the pubic bone
and contributes branches to the m. obturator internus^ to the
musculature of the ventral abdominal wall, and to the
abdominal peritoneal membrane.
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Arteries of the thigh and upper leg.—The origins of branches
along the a. iliaca externa vary greatly. This variability may
be considerable even between the right and left sides of the
same specimen. The following account, therefore, cannot
apply to all specimens of a species. Inmediately beyond the
place where the external iUac emerges from the anulus
femoralis, three vessels take origin (fig. 287). The first, a.
glútea cranialis, arises from the anterior side of the artery,
dips into the mm. iliotrochanteri, and branches extensively.
The a. femoralis arises from the opposite side of the external
iliac, is directed caudally toward the midportion of the thigh,
and then turns distally, coursing close to the caudal side of
the femur.
The third vessel is the a. circumflexa femoris. It may arise
as a single vessel or as two vessels. In either case, at least
two major branches have a variable number of subdivisions.
The circumflex artery of the thigh supplies the musculature
cranial to the femur. One among the group of branches is
distributed to the dorsal part of the m. sartorius, penetrates
this muscle, and emerges on the lateral surface with an
accompanying vein; in that location the blood vessels are
joined by the n. cutaneus femoralis lateralis. An artery,
vein, and nerve constitute the dorsocentral neurovascular
triad, which is about 25 mm. long before it becomes attached
to the dermis. Branches of this triad are distributed to the
anterior, dorsal, and central parts of the femoral tract—a
distribution which is more extensive than that of the other
two triads supplying this tract. The cutaneous branch gives

off only a few small twigs to the sartorius muscle while
passing through it.
Numerous muscular branches supply the remainder of the
m. sartorius, m. femoritibialis externa, and m. femoritibialis
médius. A few branches enter the m. ambiens. One of the
muscular branches runs lengthwise through the belly of the
sartorius. At the distal end of the artery the muscular branch
makes an anastomosis with the a. genus suprema. This
anastomosis is anterior to a similar anastomosis of the a.
femoralis with another location on the a. genus suprema.
The a. femoralis arises from the external iliac either
opposite the origin of the a. glútea cranialis or opposite a
branch of the a. circumflexa femoris. The femoral artery
passes lateral to the external iliac vein, then turns distally
and recrosses the vein on its medial surface, thereby making
a complete revolution around the v. femoralis. Both artery
and vein lie on the medial surface of the m. adductor longus et
brevis pars interna. Branches of the artery are distributed
to the muscles on the medial surface of the thigh. At the
knee, the femoral artery makes an anastomosis with a
transversely oriented artery. Some scientists (Grzimek, 1933 ;
Westpfahl, 1961) believe that the a. femoralis makes its
anastomosis with the a. tibialis medialis and that the a. genus
suprema arises from the a. femoralis. However, the angles of
the vessels are such that one could equally well regard the
a. genus suprema as originating from the a. tibialis médius and
the a. femoralis as making its anastomosis with the a. genus
suprema. The latter point of view is the one taken by Nishida
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286.—Muscles associated with a down feather from the posteroventral part of the lateral body apterium, viewed from
outside surface of skin. Single Comb White Leghorn Chicken. See legend of figure 277 for technique details of the drawing.
Abbreviations: c. t., connective tissue; mm., muscles.
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287.—Major arteries (red), veins (blue), and nerves (yellow) in the pelvic fossa and in the thigh and upper crus,
showing the source of vessels and nerves to the femoral and adjacent tracts and to some apteria. The dorsocentral, dorsocaudal, and midinfracaudal neurovascular triads supply the femoral tract (see fig. 265, B). The leg has been forced laterally,
therefore, within the pelvic fossa, the vessels and nerves are shown in ventral view, whereas those of the thigh and upper leg
are shown in medial view. Outline of femur and upper tibia shown in dotted lines (patella omitted). Most smaller branches
have been omitted. Adult male, Single Comb White Leghorn Chicken. Abbreviations: A., Aa., arteria, arterias; N., Nn.,
nervus, nervi; PL, plexus; s., sive; V., Vv., vena, venae.
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288.—Ventral view into the left side of the pelvic fossa showing the spinal nerves from the last intercostal to the fifth
root of the pudendal plexus. Three plexuses are included—lumbar, ischiatic, and pudendal. The sympathetic trunk has been
omitted. The external iliac and ischiatic nerves have been extended into the thigh far enough to show the three cutaneous
branches to the femoral tract. The vertebrae are numbered on the basis of 17 cervicals, four thoracics, four lumbars, five
sacrais, and six caudals. Adult Single Comb White Leghorn Chicken. The suture lines of the vertebrae were added from
early posthatching stages. Abbreviations: PL, plexus; N., nervus.
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(1963) and is the point of view we have accepted from our
own studies.
The a. ischiadica is a larger vessel than the a. iliaca externa.
Where the ischiatic crosses the ventral surface of the kidney,
it establishes the boundary between the middle and posterior
lobes. An a. renales inferior arises from the ventral side of
the ischiatic and branches immediately into the a. renalis
inferior cranialis and the a. renalis inferior caudalis. In the
female, a large additional branch is distributed to the oviduct.
The inferior renal artery and its two branches are shown by
Lucas and Stettenheim (1965: fig. 1.14) as well as in figure
287 of this chapter. A branch from the cranial inferior renal
artery is distributed to the caudal end of the testis and to the
deferent duct. From the caudal inferior renal artery, branches
enter the caudal part of the deferent duct.
The ischiatic artery, vein, and nerve pass through the
foramen ischiadicum {incisura ischiadica of Barkow, 1829:
326), which is a large opening immediately caudal to the
antitrochanter and represents an area where the ilium and
ischium have remained separated. Two vessels arise in the
region of the foramen, pass through the opening, and spread
branches on to the lateral side of the pelvic wall. One of these
vessels, the a. trochanterica, lies close to the lateral surface of
the ilium and is distributed anteriorly over the capsule of
the hip joint. Nishida (1963: 96) used no name for this
vessel; he suggested that the suitability of "trochanterica"

should be reconsidered. Westpfahl (1961) traced this artery
beyond this point to the piriformis and to the trochanter
major^ muscles. Presumably the major is the largest of the
trochanterici muscles and if so would be synonymous with
the m. iliotrochantericus posterior of Hudson (1937: 11).
The second vessel, the a. glútea caudalis, arises near the
trochanter artery but is distributed in the opposite direction.
According to Schwarze and Schröder (1966: 145), these two
arteries supply the mm. gemelli,^ m. obturator, and m. quadratus femoris. The last two arteries mentioned may have
separate origins from the ischiatic, or they may arise as
branches from a common stem.
The a. ischiadica passes caudally along the posterior margin
of the trochanter, and then it diverges from the femur so
that at its distal end it is separated from the knee joint by
about 25 mm. Along its length, four additional named arteries
have their origin. The first of these is a large group of vessels
from a single stalk, the a. profunda femoris.*
2 The TO. pyriformis of Westpfahl is probably the m. gluteus médius
et minimus of Hudson (1937: 13). (Also see Fisher, 1946: table 42; and
Wilcox, 1952: 519.)
3 According to Wilcox (1952), the mm. gemelli is the m. obturator
externus, and the TO. quadratus femaris is probably the m. ischiofemwalis
of Hudson (1937).
* Sapy (1941 ; 23) did not consider that this vessel named by Grzimek
corresponds to the artery having the same name in mammals.
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The a. "profunda femoris sends branches to much of the
musculature caudal to the femur, especially to the m. adductor longus et brevis. It gives off branches to the m. biceps
femoris and m. semitendinosus. A branch of the artery emerges
between these two muscles and enters the dermis of the skin as
the arterial part of the neurovascular triad to the dorsocaudal
part of the femoral tract. Within the dermis the vessel
divides, and a large branch passes caudoventrally to supply
the medial abdominal tract.
About 10 mm. distal to the origin of the a. profunda
femoris, is a small, short vessel that goes to the medial
surface of the n. ischiadicus. The artery divides into ascending and descending branches. Nishida (1963: 97) named this
vessel and its branches ^^a. comitans nervi ischiadiciJ'
About midway along the length of the femur arises the
a. nutricia superior femoris^ that enters the foramen nutricium
midway along the length of the shaft. Some side branches of
this artery are distributed to m. iliotibialis, and a few are
distributed to the m. accessorius semitendinosis.
The above description of vessels was applicable to the
right side of one specimen. The opposite side of the same
specimen was considerably different in that the a, profunda
femorisj the a, nutricia superior femoris, and the a. comitans
nervi ischiadici came from a common stalk. The nutrient
vessel, instead of passing to the middle of the femur along a
transverse course, travelled distally at an angle of about 45°
to reach the middle of the femur. Still other variations were
found in other specimens.
The next group of arteries is in the popliteal region. The
first to originate from the a. ischiadica is the a. femoris
caudalis.^ It has numerous muscular branches distributed
to the caudal surface of the crus, but one branch among them
passes between the m. biceps femoris and the m, semitendinosus and then between the m. iliotibialis and the m. gastrocnemius pars externa to enter the skin at the midinfracaudal
margin, where it forms the arterial part of the neurovascular
triad to the femoral tract. Westpfahl (1961) depicts the
cutaneous branch as originating directly from the a. ischiadica
rather than from the a. femoris caudalis. In our own specimens, we have not observed this variation.

^ The nutrient vessel entering the midlength of the shaft was named
''superior" by Nishida to identify its position relative to the nutrient
vessel that enters tbe distal end of the femur, namely, at the posterior
fossa between the condyles. We have accepted Nishida's reason for
adding the term "superior." We changed his term to a. nutricia superior
femoris; the translation of this term is the "superior nutrient artery of
the femur." Our Latin term seems preferable to Nishida's term, which
means the nutrient.artery of the superior femur.
^ Nishida (1963) stated that Grzimek was the only investigator who
applied the name ''a. femaralis" to this artery, all others used the name
"a. tibialis posterior J' When text and illustrations of both authors are
compared, it appears that Nishida erred when he used the name "a.
femoralis'^ and that he probably intended to use the term "a. femoris
caudalisJ' The latter vessel, as shown by Grzimek (1933, fig. 6), has
exactly the same location as the a. tibialis posterior as labeled by Nishida
(1963, fig. 1).

Arteries and veins that go to the skin have a characteristic
appearance after latex injecton even in completely macerated
preparations; there is a complete absence of branches along
the vessels between the emergence of these vessels from the
muscles and the implantation of the vessels in the dermis.
Even as they pass through the muscles, these vessels give off
relatively few branches. Moreover, vessels to the skin appear
more robust than those that supply muscles. The a. nutricia
inferior femoris arises from the anterior side of the a, ischiadica, 4 to 5 mm. distal to the a. femoris caudalis. It
passes directly to the popliteal fossa of the femur, where it
enters the foramen nutricium after giving off branches to
the periosteum and to the capsule of the knee joint.
There is some confusion in defining the a. poplítea in birds.
In man, the a. femoralis (derived from the a. iliaca externa)
runs lengthwise through the thigh, and after giving off the
supreme genicular artery (a. genus suprema), the name of the
femoral artery changes to ''a. popliteal' Its distal termination
is the major branching into the a. tibialis posterior and a.
tibialis anterior. Both Westpfahl (1961) and Nishida (1963)
followed this organization in their terminology and therefore
named the lower end of the a, ischiadica, the ''a. popliteal'
Because of the variability in origins of vessels in the chicken,
it seems less confusing to omit the term ^^a. poplitea'' altogether and to regard this segment of artery as the terminal
portion of the a. ischiadica, which, in reality, it is.
Distal to the knee joint and caudal to the head of the
tibia, the a. ischiadica divides into two large branches—^the a.
tibialis medialis and a, tibialis anterior.
The a. tibialis medialis arches proximally a little as it
swings toward the medial surface of the tibia. Its first branch,
the a. genus suprema, has already been described in part. It
supplies the surface of the condylus medialis, and about 6 mm.
from its base it receives the terminal end of the a. femoralis,
a branch of the external iliac. Beyond this point (anterior to
it), the terminal portion of the a. genus suprema forms
anastomosing loops—some large, some small—that lie in
the same area as the venous rete genus medialis (see p, 000).
A small arterial branch having a limited distribution penetrates the skin covering the knee joint.
The a. tibialis medialis turns caudally along the anteromedial margin of the leg and gives off many muscular
branches. About 35 mm. below the knee joint, a large branch
leaves the deep fascia, crosses the subcutis, and enters the
skin to supply blood to the anterior and medial parts of the
crural tract.
The a. tibialis anterior arises on the posterior side of the
head of the tibia, courses close to the caudal surface of the
tibia for about a third of its length, and then curves around
the bone to its anterior side. Before doing this, the artery
gives off the a, tibialis posterior.

An outhne of the arteries that supply blood to the thigh
and femoral tract follows.
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Summary of the Arteries to the Thigh and Femoral Tract

A. iliaca externa.

A. glútea cranialis.
A. pelvina interna.
A. circumflexa femoris- -branch to the dorsocentral part of the
femoral tract.

A. femoralis—anastomosis with the a. genus
suprema.

A. ischiadica.

A. renalis inferior—¡A. renalis inferior cranialis.
[A. renalis inferior caudalis.
A. trochanterica.
A. glútea caudalis.
A. profunda femoris—branch to the dorso caudal
part of the femoral tract
and to the abdominal
tract.
A. comitans nervi ischiadici.
A. nutricia superior femoris.
A. femoris caudalis—branch to the midinfracaudal margin of the
femoral tract (may arise
directly from the a.
ischiadica).
A. nutricia inferior femoris.
A. tibialis anterior—A. tibialis posterior.
A. genus suprema.
A. tibialis medialis—J—branch to crural apterium and to upper
crural tract.

Veins draining the femoral tract
General.—Although several articles have been pubhshed
on the arterial system of birds, relatively little has been
written on the venous system, especially by contemporary
authors. The most extensive study available is that by
Neugebauer (1845) in which he presented terminology for the
veins of chicken, turkey, and duck as well as for some wild
species of birds. However, some of Neugebauer's terms are
not appropriate for today's use because the names of arteries
accompanying veins have changed. Today, when an artery
and a vein parallel one another, scientists—as did Neugebauer a century and a quarter earlier—strive to use the same
name for the vein as for the associated artery. Moreover,
Neugebauer's text material (1845: 595-606) deals more with
the veins of the foot, lower leg, and sacral region than with
the veins of the thigh. For example, he names the v. ischiadica
externa but does not describe it or list its branches. Therefore,
many of the names we chose for use in this text are ones that
duplicate those of accompanying arteries. Frequent reference
has, of course, been made to the publications of Neugebauer
(1845), Gadow and Selenka (1891), and Spanner (1925).
Unfortunately there have been no recent studies on veins of
galliforms in which the authors used Latin terms.
Veins within the pelvic fossa.—Within the fossa pelvina are
located on each side v. afferentia renalis posterior (s. v. portae
renalis), v. afferentia renalis anterior, v. efferentia renalis, and
the terminal end of the v. iliaca externa. Spanner (1925)
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used the terms ''v. renalis afferens'' and ''v. renalis efferens.''
In the midline are the v. hypogastrica and the vena cava
inferior (fig. 287). The flow of blood from the caudal part
of the body and from the leg is impeded by the presence of a
renal portal valve (valva portae renalis) immediately distal
to the V. efferentia renalis. The relationship of these vessels
and valve is shown in figure 287 and was described by
Spanner (1925: fig. 4), Akester (1964: 368), and Lucas and
Stettenheim (1965: fig. 1.15).
Several significant venous anastomoses are present within
and near the pelvic fossa:
1. The afferent renal vein unites the coccygomesenteric
and hypogastric veins to the external ihac.
2. The ischiatic joins the profunda femoris vein with the
afferent renal vein.
3. The external iliac is joined to the vertebral veins by the
anterior branch of the efferent renal vein. The last of these
anastomoses was described by Neugebauer (1845: 622) and
illustrated in his plate 44, figure 4. Other smaller anastomoses
were observed after specimens were injected with latex
followed by maceration with acid.
Veins of the thigh and upper leg.—^The foot, lower leg, and
most of the thigh are drained by the v. iliaca externa. Only
the upper caudal part of the thigh is drained by the v. ischiadica. The V. iliaca externa receives its blood from two large
vessels—the v. tibialis anterior and v. tibialis medialis—^both
of which accompany arteries of the same names. The v.
tibialis medialis receives the v. genus suprema. Distally, the
v. genus suprema makes many anastomoses among its own
branches, forming a rete on the medial surface of the knee
to which we have given the name, ^^rete genus medialis'^
(rete of the medial knee). Proximally, the v. genus suprema is
joined directly to the external iliac vein by way of the n.
femoralis interna.
The V. tibialis medians'^ is often represented by two vessels,
one small and one large, on each side of the artery of the
same name. Only one medial vein is shown in figure 287.
Many delicate veins form anastomoses between the v. tibialis
medialis and v. tibialis anterior. One of the branches from the
V. tibialis medialis drains the anterior and medial surfaces of
the crural tract.
The V. nutricia inferior femoris (either one or two in
number) passes through the same nutrient foramen as does
the a. nutricia inferior femoris. The vein joins the v. iliaca
externa at about the same level as does the v. femoris caudalis.
Drainage from the posterior surface of the lower leg and
popliteal area comes by way of the v. femoris caudalis.^ This
^ Neugebauer (1845) did not name a medial tibial vein, and a study
of his text, legends, and illustrations fails to establish definitely the
name he gave to the vessel that we call medial. It might be the v. suralis
interna or possibly the v. tibialis postica. Perhaps part of the difficulty
is the fact that he used the turkey, whereas we used the chicken.
^ This may be the vessel Neugebauer (1845: 602) named ''v. cutánea
cruris externa posterior/' a branch to the v. suralis posterior. He considered this vessel as equivalent to the lesser saphenous vein of man.
He described it as located on the external and posterior side of the leg.
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vein has one branch that receives blood from the midinfracaudal margin of the femoral tract and another branch
that receives blood from the crural apterium and upper
crural tract.
Passing upward along the external iliac vein, the next
significant vessel is the v. nutricia superior femoris. It closely
parallels the artery of the same name, and both pass through
the same foramen nutricium. About 10 mm. proximal to the
nutrient vein, at the point where the external iliac vein bends
anteriorly away from the a. ischiadica externa, there enters a
large vein with a multitude of branches, the v. profunda
femoris? The branches of the vein parallel those of the
artery. One of these branches accompanies the artery to the
skin of the dorsocaudal part of the femoral tract, and at the
dermis, artery and veins are accompanied by the n. cutaneus
femoralis caudalis. One branch of the vein accompanies the
artery to the skin of the abdomen and the medial abdominal
tract.
The V. iliaca externa crosses the medial surface of the
femur about one-fourth of the distance distal to the head;
the point of crossing agrees with that given by Neugebauer
(1845: 605). It receives a branch that accompanies the a,
femoralis and the n. saphenus. Neugebauer (1845: 673) used
the name ^^v, femoralis interna/' and on his page 604, the
name '^v. femoralis interna profunda.'' The former of these
two seems adequate and has been used in our figure 287.
Shortly distal to the anulus femoralis, the v. iliaca externa
receives the v, femoris anterior (Neugebauer, 1845: 605).
In his legend (p. 673), Neugebauer names it the ''v. femoralis
anterior.'' We used the latter term.
At the level of the anulus femoralis, a vein having the same
distribution as the a. pelvina interna received the name, '^v.
epigástrica" from Neugebauer (1845: 605 and 673). At the
time Neugebauer was writing, the accompanying artery had
the same name. We have taken the liberty to change the
name of the vein to '^v. pelvina interna," which agrees with
the artery as named by Westpfahl (1961: 117).
Nerves to the femoral tract and adjacent skin
General—Buchholz (1960) and Yasuda (1961) recently
studied the lumbar, sacral, and pudendal plexuses. Each
was unaware of the work of the other. Buchholz reviewed the
terminology of nine earlier authors; Yasuda, of three, only
one of whom was common to both scientists. Neither of
these authors mentioned the detailed study of the pelvic
plexuses by Boas (1933) who clearly associated each trunk
with a particular vertebra and discussed variations among
specimens of the same species. Boas (1933: pi. 10)
pictured five variations for the chicken and described others
in his text (p. 46). Some differences were observed by these
authors in regard to the number of spinal nerves that contribute to the ischiatic and pudendal plexuses. Our own
studies reveal differences among specimens of the same breed,
9 Neugebauer (1845: 673) identified it by the name ''v. cutánea
femoris interna.''

so that the assignment of a particular nerve with a certain
vertebra must take into account a possible variation of at
least one vertebra.
It is necessary, therefore, to discuss vertebrae before
describing nerves. Yasuda (1961), for example, found 14
cervical vertebrae in some chickens and 13 in the Nagoya
breed. In order to make his data equivalent to ours, we
added two more cervical vertebrae. We consider those with
vertebral ribs only, and hence not connected to the sternum,
as belonging to the neck rather than to the thorax. Among
Single Comb White Leghorn Chickens, we observed 16 and
17 cervical vertebrae followed by four thoracics and four
lumbars. The first lumbar has a pair of ribs with both
vertebral and sternal members, but the sternal members do
not articulate with the sternum and therefore are not included among the thoracic ribs. Regardless of how we name
the vertebrae, we agree with Yasuda that the total number of
vertebrae bearing ribs is seven, which we have classified as
two cervicals, four thoracics, and the first lumbar. Therefore,
whether the first nerve of the plexus lumbalis emerges between vertebrae 22 and 23, as stated by Yasuda, or between
23 and 24, as observed in most of our material (fig. 288),
depends on the number of cervical vertebrae present in the
specimen. The first spinal nerve emerges between the base of
the head and the atlas; therefore, each nerve is numbered
according to the vertebra that follows it.
Nerves within the pelvic fossa.—No suitable name that
includes all three plexuses has been suggested in the literature. Perhaps one could apply the general name of pelvic
plexuses, which in a sense Gadow and Selenka (1891) have
done. This, Latinized, would be plexi pelvini and would include the pi. lumbalis, pi. ischiadicus, and pL pudendus.
The first trunk of the pi. lumbalis emerges between the
second and third lumbar vertebrae, and the third trunk,
between the fourth lumbar and first sacral (fig. 288). The
first lumbar gives off a branch to the inner surface of the
ilium to which Buchholz (1960) applied the name ^'n. ilioinguinalis." It parallels the n. iliohypogastricus that emerges
between first and second lumbar vertebrae. The n. intercostalis emerges between the last thoracic and first lumbar
vertebrae.
The three lumbar roots unite to form the n. iliaca externa.
A small branch arises from the first lumbar trunk before it
fuses with the other two trunks. This branch penetrates the
kidney in the direction of the renal portal valve, but whether
it is involved in its innervation is unknown. Trunks 2 and 3,
or 1, 2, and 3 in some specimens, give branches that unite
to form the n, obturatorius. This nerve swings caudally to
pass through the foramen obturatorium s. puboischiadicum.
Yasuda (1961: fig. 3) indicated that all of the lumbar trunks
contributed to the obturator nerve, but Buchholz (1960)
found that contributing branches came only from lumbar
roots 2 and 3, as we have shown in figures 287 and 288.
Boas (1933, pi. 10) observed that roots 1 and 2; 1, 2, and 3;
or 2 and 3 of the lumbar plexus, contributed to the obturator
nerve in different individuals.
Both Buchholz and Yasuda indicated that the pi. ischiadi-
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cus is composed of six roots. This agrees with our own observations, but the number can vary, depending on the number
of sacral vertebrae present and, hence, the number of foramina through which these roots can emerge. Buchholz
(1960: 584) noted that when only five roots were present,
the cranial half of the n. bigeminus was absent. ^^ Boas
(1933: pi. 10) earlier observed five roots with five sacral
vertebrae and six roots with six sacral vertebrae. Gadow
and Selenka (1891: 419) noted that five or six roots were
found in most species of birds but that the number could
vary from three to eight.
The external iliac nerve subdivides into many branches at
the level of the anulus femoralis, and these fall into three
groups, which Yasuda (1961) has designated as femoral
nerves 1, 2, and 3.
Buchholz (1960) used the following names: n. cutaneus
femoralis later alts for the most anterior, n. femoralis for the
second, and n. saphenus for the third. The n. glutaeus [gluteus]
cranialis (Buchholz, 1960: 586) originates from the lumbar
plexus; it has one or more branches and is distributed to the
three gluteal muscles. Yasuda (1961) showed this nerve as a
group of branches in his figure 1, but he labeled them ^'pL
lumbalisJ^ In the text he referred to these as independent nerve
branches. The n, femoralis divides into median and lateral
branches (Buchholz, 1960: 587). All roots of the pi. ischiadicus unite into a common trunk, emerge through the foramen
ischiadicumj and redivide into many nerves.
The pL pudendalis (Buchholz, 1960) or pi. pudendus
(Gadow and Selenka, 1891: 422; Yasuda, 1961: 145; and
International Anatomical Nomenclature Committee, 1966:
98) does not contribute any branches to the leg. Buchholz
showed that three spinal roots contribute to the plexus,
Yasuda showed four, and our own observations indicate as
many as five (fig. 288).
Distribution of nerves in the thigh.—The n. cutaneus
femoralis lateralis has about the same distribution as the a.
circumflexa femoris. The former includes the neural component of the neurovascular triad that is distributed to the
dorsocentral portion of the femoral tract. Other nearby
branches innervate the m. sartorius and m. tensor fascia latae^^
(Buchholz, 1960: 585).
The n. femoralis is the central part of the lumbar plexus
and has numerous branches distributed to muscles anterior
to the femur. Its medial ramus (Buchholz, 1960: 587) sends
branches to the m. vastus intermedius, m. gracilis (s. m. semimembranosus), and m. vastus medialis {s. m. femoritibialis
internus). Its lateral ramus sends branches to the m. fasciae

" The last nerve of the ischiatic plexus and the first nerve of the
pudendal plexus leave the cord by a common root and then diverge.
This has been given the name ''n. bigeminus^' (Gadow and Selenka,
1891: 420; Buchholz, 1960: 584; and Yasuda, 1961: 145). A similar
situation exists in the last nerve of the lumbar plexus and the first nerve
of the ischiatic plexus in which these three authors have designated
the common root as the n. furcalis.
^1 The m. tensor fascia latae j according to Wilcox (1952), is synonymous
with the m. femoritibialis externus of Hudson (1937).
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latae {s. m. femori-tibialis externa), m. rectus femoris {s. m. iliatibialis) and m. vastus intermedius. The synonyms listed in
the foregoing sentences are names used by Hudson (1937) as
listed by Wilcox (1952: 518).
The n. saphenus arises from the cephalic half of the n.
furcalis near the junction where all the roots of the lumbar
plexus come together. After passing through the anulus
femoralisj the n. saphenus comes to lie adjacent to the a.
femoralis and continues to the medial surface of the knee
from whence it sends two branches to the skin of the popliteal
region that innervate the crural tract on the medial surface
of the shank.
Skin branches arise also from the last n. intercostalis and the
next caudal to it, the n. ilioinguinalis. The cutaneous nerve
from the intercostal passes through the m. obliquus externus
abdominis,^^ traverses the loose superficial fascia, passes
beneath a flat dermal muscle,^^ and emerges on its proximal
border, whence it is distributed to the skin of the medial and
abdominal tracts. The cutaneous branch from the n. ilioinguinalis emerges beyond the m. obliquus externus abdominis and
is distributed also to the abdominal tract.
All nerves of the ischiatic plexus pass through the foramen
of the same namie. Yasuda (1961: 154) listed the muscles
innervated by the branches of the ischiatic. Buchholz (1960:
588) did the same. In the present study, we have not attempted to critically compare the work of these scientists
and have omitted the names for the various branches except
one, the n. cutaneus femoralis caudalis, which passes lateral
to both parts of the m. piriformis and cuts diagonally across
the medial surface of the m. biceps femoris unaccompanied
by artery or vein. As this nerve emerges between the m.
semitendinosus and the m. biceps femoris, it is joined by
arterial and venous branches of the profunda femoris.
Together the three components enter the dermis as the
dorsocaudal triad to the femoral tract.
A small cutaneous branch arises from the n. ischiadicus at
about the level where it receives the a. comitans nervi ischiadici. Unaccompanied at first by either artery or vein, this
nerve passes between the m. biceps femoris and the m. iliotibialis where, near the caudal margins of the muscles, it
joins branches from the femoris caudalis artery. From here
the neurovascular triad enters the dermis at the midinfracaudal margin of the femoral tract.
Many terminal arteries, veins, and nerves are distributed
to the feather muscles; therefore, the question has come to
mind : Do these follow the rows of muscles in arriving at their

^2 Most authors writing in the field of avian anatomy have used the
name '^m. obliquus abdominis externus'^ (Gadow and Selenka, 1891:
126); Shufeldt (1890: 301) gave seven additional references, and more
recently, Chamberlain (1943: 37) used this name, but Shufeldt (1890:
301) suggested m. obliquus externus abdominus, which translated means
^'the external oblique muscle of the abdomen." The latter term has been
adopted in the Nomina Anatómica (1966: 41) for human anatomy
and is used in this text.
1^ This is the caudal end of the m. pectoralis abdominis (Hudson and
Lanzillotti, 1964: 14).
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289.—Dorsocentral and midinfracaudal neurovascular triads of figure 265, B, shown in greater detail. Arteries are in
red; veins, in blue; and nerves, in yellow. The vessels and nerves distributed to the feather muscles do not follow the rows
of muscles in arriving at their destinations. Male, 425 days of age, Single Comb White Leghorn Chicken. Vessels were injected
with carbon. Bouin fixation.
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destinations? Figure 289 is a view of the inside of the skin
of the femoral tract. The placement of the dorsocentral
and midinfracaudal neurovascular triads shows the distribution pattern of vessels and of nerves. An orientation of the
area in relation to the femoral tract as a whole can be obtained by comparing it with figure 265, B, page 439. The
sources of vessels and nerves are shown in figures 287 and 288.
The answer to the question posed in the foregoing para-

graph is clear : The vessels and nerves do not follow rows of
feather muscles. They cut across the feather tract in a pattern
that is characteristic of vessels and nerves generally. There is
a considerable number of artery-to-artery and vein-to-vein
anastomoses; A-V anastomoses were not observed. Nerves
also have a considerable number of anastomoses. We assumed, however, that these involved only the perineureum
and not the enclosed axons.
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Feather muscles
When vessels and nerves of the femoral skin are examined
at moderately high magnification (fig. 290), the distribution
patterns remain the same, namely, without orientation to

rows or follicles. Vessels and nerves enter the bundles of
smooth muscles at various points along their length. The
small nerves shown here make the same anastomoses as do
the larger branches illustrated in figure 289.
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The nerves have a particular pattern in respect to the
base and wall of the follicle (figs. 290 and 291). A small
branch from an adjacent larger nerve makes a semicircle
(arcade) around the bulb of the follicle. On the opposite side,
the branch rejoins the same nerve from which it originated or
joins another nerve of similar size. The nerve connecting the
arcade to the larger adjacent nerve is as small as the arcade
itself. The connection may be long or short. At the junction
of arcade and its connecting nerves, arises, usually one on
each side, another small nerve that turns toward the follicle
and supplies fibers to the follicle wall. Certain details of this
innervation have been illustrated by Tetzlaff et al. (1965),
which was possible after these authors had developed an
excellent technique for staining small nerves in avian skin.
The feather muscîle is nonstriated, and the fiber is short
and narrow compared to striated muscle fibers. This is
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readily evident from the large number of nuclei present in a
unit area. Carbon injected into an artery was carried through
the capillaries into the veins. The section selected for illustration (fig. 292) carried more than the usual number of capillaries; it was thought that many sections showed a smaller
number because some capillaries remained closed.
The greatest concentration of vessels was located at the
ends of the muscles at the origin of the elastic tendons.
Because many of these vessels were larger than the capillaries
within the muscle, this is probably the region from which the
lengthwise course of the capillaries began. This theory is
supported by the fact that the large vessels generally located
on the outside of bundles or between two adjacent ones often
sent branches into the muscle at the tendon-muscle junction.
The point of entrance for nerves is not as clearly evident.
In figure 292 is a nerve that contains numerous fibers and

Nerve
arcade

290.—An enlarged view of the inner surface of the femoral tract (magnification about 12X), showing arteries in red,
veins in blue, and nerves in yellow. The nerves tend to form an arcade at the base of each follicle (see fig. 291). An avian
lamellar corpuscle is located in the upper left-hand angle of the feather m.uscles. The arteries and veins do not closely parallel
the muscles; some of their branches supply dermal tissues. The drawing is based largely on a male Single Comb White
Leghorn Chicken, 126 days of age. Additional data were obtained from three whole mounts prepared according to the
neurological technique of Tetzlaff et al. (1965) in the laboratory of Dr. R. K. Ringer.
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291.—Inner surface of femoral tract, stained to show the nerves to the feather folhcles. Particularly significant is the
nerve arcade around the basal end of each follicle with branches extending along each side of the follicle. Single Comb White
Leghorn Chicken. (From Tetzlaff et al. (1965) by permission of Williams and Wilkins Co. and the authors.)
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penetrates between a small trapezoid-shaped, oblique section
of a muscle bundle on the right and the larger, barrel-shaped
bundle on the left. Within the muscle bundle, nerves were
abundant, but limited to only a few axons, and many were
single (fig. 293, A and B). Nerves with several axions generally coursed longitudinally between the fibers, whereas
single axons generally turned to cross the fibers at right
angles.
It was easy to obtain innumerable preparations with a
wealth of small nerves among the fibers as shown in figure
293, A,^^ but it was never possible by means of thick sections
to obtain the basic pattern for nerve distribution that
Ramón-Cajal (1933: fig. 268) has shown in the smooth
muscle of the guinea pig intestine. The many short cut ends
of nerves in the feather muscles suggest that the distribution
pattern for the chicken is the same as that in the guinea pig.
Ramón-Cajal noted that the axons terminated in a
varicosity. We observed this also on a few occasions (two
examples are shown in figure 293, B), but had no way to prove
that these small enlargements were the actual ends of the
axons and not varicosities at points where the axons changed
direction and passed out of the plane of section. One feature
of considerable constancy was the close association between
the terminal end of the single axon and the nucleus of a
muscle cell (fig. 293, B). Sometimes the axon appeared to

" See also the excellent photograph of nerves in a feather muscle
bundle by Ostmann et al. (1963a).

end adjacent to the nucleus, and in other instances it continued beyond the end of the nucleus. In no case was there
any evidence that the axon penetrated the nuclear membrane.
Apteriul muscles
Apterial muscles are basically similar to feather muscles.
Both are joined to elastic tendons, and many examples have
been cited in the earlier parts of this chapter regarding the
transition from feather muscles to apterial muscles, the
details of which are shown in figure 294. All of the muscles lie
within the dermis: They are limited above by the epidermis
and below by the elastic lamina. The latter is a histological
structure generally found in the skin of birds but rarely in
the skin of mammals. None of the muscles penetrate the subcutis, and none of the fibers of the elastic tendons merge
with those of the elastic lamina.
The drawing illustrated in figure 294 was made from the
dorsal shoulder region near the arbitrary boundary of the
ventral cervical and pectoral tracts. The approximate location is indicated by an asterisk in figure 256, page 422. The
reason for mentioning its location is the fact that the ratio in
lengths of elastic tendons and apterial muscles varies in
different parts of the body. In the area shown in figure 294—
namely a narrow featherless space between ventral cervical
and pectoral tracts—the apterial muscles are short and the
elastic tendons long. In the lateral pelvic apterium (fig. 265,
p. 438), the muscles were long and the tendons short. The
ratio of muscle-tendon lengths may vary in the same general
area, as in the femoral skin of the turkey. In most of the
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lateral pelvic apterium, the muscles were long and the tendons
short (fig. 268, p. 446), but near the end of the labeling hne
to the crural apterium, the reverse was true.
Occasionally the free ends of the feather muscles are
crossed at a lower level by apterial muscles. Examples of
this are shown in figure 268 for the turkey; it was also found
in the abdominal skin of the pigeon.
The blood and nerve supply to apterial muscles are similar
to those for feather muscles, except that the number of
branches within the substance of a muscle bundle is considerably less. The distribution of nerves across and around
the muscles is shown in figure 295. Nerves obviously pene-

481

trate the muscles, but the point of entrance was not evident in the whole mount preparation examined.
This chapter has demonstrated the tremendous complexity
of the feather and apterial muscle systems. These muscles are
richly supplied with nerves and blood vessels and should,
therefore, be excellent material for detailed studies utilizing
the electron microscope and for studies on the physiology of
smooth muscle.
Feather release
Relatively little has been written on the basic physiology of
feather muscles since Langley (1940) reported his experi-
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292.—Thick section of feather muscle from the femoral tract, showing arrangement of intramuscular blood vessels.
The vessels, especially the small ones, were drawn as they appeared by focusing through the entire thickness of the section.
Elastic tendons appear to contain fewer capillaries than did the smooth muscle. Single Comb White Leghorn Chicken,
525 days of age. Ink injection technique by Peterson et al. (1965). Hematoxylin and eosin stain.
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ments on cutting and stimulation of nerves. He concluded
that the feather muscles were under control of the autonomie
nervous system. In recent years interest has shifted to the
application of physiological, pharmacological, and neurological techniques to solve some of the practical aspects of

Nt rve

Nuclei of smooth
muscle cells
Nerve with
several axons

poultry processing. King (1920) identified the center for
feather release as being located in the medulla of the brain,
with the possibility that the cerebellum was involved also.
Although many scientists have recently undertaken experiments in stereotaxis, no one, to our knowledge, has extended
the work of King to determine more exactly what nuclear
group or pathway of the brain was involved in feather release.
May and Huston (1959) and Huston and May (1961) observed that chickens killed by the intravenous injection of
sodium pentobarbital could be machine dry picked. We have
routinely dry picked chickens by hand after injecting them
with Equi-Thesin.
Several methods have been developed to measure the
pulling force needed to release a feather from its follicle.
Pool et al. (1954) used a hemostat and simple spring balance
to pull feathers from tom turkeys and found that the pull
ranged from 330 to 1,120 grams. Knapp and Newell (1959,
1961) devised an electromechanical method and obtained a
similar range in values for chickens, namely, from 230 to
1,110 grams. Klose et al. (1961) used two methods—a
maximum reading spring scale and a dynamometer. Again,
the feather releasing force among feathers from the same
general region varied greatly. In all of these studies, no data
were collected on the releasing force involved in relation to a
feather's position in the tract; the type of feather; the ratio
of plumulaceous to pennaceous parts; the length and diameter
of the calamus; the number, diameter, or length of muscles
associated with the follicle; the thickness of the follicle wall;
and so on. Numerical data of this kind might well furnish a
clue as to the immediate mechanism of release, which still
defies a reasonable guess.
Ostmann et al. (1964) studied the effects of transecting
the spinal cord at different levels which effects were measured
by the pulling force of feathers on the femoral tract. Data
were collected immediately after transection and 25 and 60
minutes later. Where sections were made at lumbar 1 or
lumbar 6 (sacral 2) or lumbar 8 (sacral 4), the puUing force
was persistently reduced, but at lumbar 12 (caudal 3) the
effects were less marked, and at lumbar 13 (caudal 4) some
recovery had been made by 60 minutes after the operation.
The initial shock effect appears to have confused the results
to some extent, and it is not known from what part of the
tract the feathers were removed. The location of the feathers
that were pulled would make an expected difference in the
results. The dorsocentral area is supplied by the lumbar
plexus, and the remainder of the femoral tract, by the

293.—Section of feather muscle from dorsal tract
of an adult male Single Comb White Leghorn Chicken.
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A, low magnification showing the abundance of nerves throughout the
muscle.
B, high magnification showing the character of axon terminals. All
evidence indicates an unmodified ending. Both drawings were made
from the same block of tissue. Subdermal hyaluronidase injection,
Bouin fixation. Ungewitter (1951) urea silver stain on the slide.
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ischiatic. It is evident from figures 287 and 288 that lumbar
1 lies anterior to all of the nerves innervating the femoral
tract and that lumbar 6 (sacral 2) is about at a level where
the nerve to the dorsocentral part of the tract would be
anterior to the plan of section. Lumbar 8 (sacral 4) falls between roots 3 and 4 of the ischiatic plexus, which is probably
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still anterior to the nerves that supply the caudal parts of the
femoral tract. Lumbar 12 (caudal 3) and lumbar 13 (caudal
4) are both in the pudendal plexus, and all nerves to the
femoral tract leave the cord anterior to these levels.
Ostmann et al. (1963b) sought to solve the physiology of
feather release by studying the effects of anesthetics and

POSTERIOR

DORSAL

294.—A view from outside the skin showing five follicles at the caudal end of the ventral cervical tract and the transition
to apterial muscles. Drawing illustrates the area indicated by the asterisk in the lower left-hand comer of figure 256.
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FiGURE 295.—Distribution of nerves to apterial muscles of
the lateral body apterium. Single Comb White Leghorn
Chicken, 154 days of age. Whole mount preparation; nerves
were stained by the technique of Tetzlaff et al. (1965).

neuromimetic drugs. The anesthetics were effective in reducing the pulling force; the neuromimetic drugs were not.
Peterson and Ringer (1964) carried the problem further and
by use of an ingenious device were able to measure intrafollicular pesssure. In the anesthesized bird, decrease of
follicle pressure is accompanied by reduced pulling force.
After death these two variables are not uniformly related,
which leads to the conclusion that two mechanisms of
feather tightening exist and that the one before death is not
the same as the one after death.

Transection of a cord probably leaves the sympathetic
trunk intact, but its pathways in the cord are damaged.
Cutting of nerves to each of the neurovascular triads of the
femoral tract could be performed with very little damage to
the arteries and veins because the nerves stand apart from
the vessels. Transection of the sympathetic trunk at various
levels probably would give information that could be compared with the effects of sympathomimetic and parasympathomimetic drugs.
Stimulation of a nerve from the lumbar plexus could be
compared with nonstimulated nerves from the ischiatic
plexus. When heat is applied to a small group of follicles,
action currents should give us some information on afferent
nerves and their thresholds. Action currents during the
pulling of a feather would also add to our knowledge of
afferent nerves. A flap of skin can be turned back without
damaging important vessels or nerves, and all the muscles
to a single follicle could be cut. Do these muscles play a
part in feather release, or is release entirely confined to the
follicle? Do physical and chemical agents that increase
feather release of contour and down feathers affect filoplumes
in the same way? Filoplumes have no muscles attached to
them.
It is clear from this brief review of literature and these
few suggestions that a great deal more research is needed
before poultrymen have enough basic information to solve
the problem of feather release on the processing line.

CHAPTER 9

Microscopic Structure of Skin and Derivatives
INTRODUCTION
Feathers, the most famihar derivatives of the avian skin,
have already been described extensively in several preceding
chapters; the tissue components of feather growth were
identified in chapter 7. In chapter 9, emphasis is placed on
the microscopic structures of the skin and on the selection of
a terminology suitable for the tissue layers, component parts,
and structural derivatives of avian skin exclusive of feathers.
In some places, the histology of specialized structures is accompanied by descriptions of the gross and subgross anatomy, but in most cases the gross anatomy has already been
covered in earlier chapters.
The skin is the boundary between the organism and its
environment and acts as a two-way barrier against the entrance of injurious substances and the escape of vital fluids
and gases. The skin serves as a protective armor against
mechanical damage; it is a major part of the insulation in
heat regulation; and it is the first line of defense against pests,
parasites, and pathogens. The skin continually replaces itself;
it has remarkable powers of recovery from injury, and it
responds to recurrent frictional stress by increasing in thickness and toughness. The skin is the largest sense organ of the
body and contains receptors for temperature, pressure, pain,
and tactile discrimination. Histologically the skin can be
basically simple and yet complex in its specializations. A
review of terminology and definitions as a prelude to the
detailed study of the structure follows.

Terminology
Epidermis
The skin or common integument {integumentum commune)
is designated cutis in the Paris Nomina Anatómica (International Anatomical Nomenclature Committee (lANC),
1956). According to Skinner (1961), it has been a common
word in English since 1600, along with the diminutive form
of the word, cuticle (L. cuticula), since Galen used it in the
second century. Cutis, however, is generally thought of as
synonymous with dermis, the true skin {cutis vera) or corium,
in contrast to the epidermis, which is sometimes named the
scarf or cuticle. The terms ^'epidermis'' and ''dermis" are
Latin words and thus may be italicized, but they have long
been used unchanged as English words, and for this reason

they are written here in roman type. One should italicize
the equivalent Greek terms '^epiderma'^ and "derma,'' which
are often used in the literature interchangeably with or instead of the Latin names. Jeffries (1883) used the term
^'epiderm.^^
The epidermis is the ectodermal portion of the skin, and
the dermis (corium) is the mesodermal portion. The epidermis is a stratified squamous epithelium that prohferates new
cells in its basal and intermediate layers. The basal layer is
one cell thick almost without exception. The daughter cells
of this layer are pushed toward the next more superficial
layer, which may vary in thickness from one to several cells.
The shape of the cells changes from cuboidal to polyhedral.
Thence the cells move to the base of the corneum where they
become vacuolated and flattened. Here they move outward
to become part of the corneum. If the corneum is constituted
of ''hard'' keratin—which is present in hair feathers, claws,
and nails—it is not desquamated from the surface; however,
if it is composed of "soft", keratin, the outer layers slough
from the surface.
The terminology itself and the definitions that have been
apphed to the several layers of the epidermis are variable
indeed. The term ''stratum germinativum^' according to Ham
and Leeson (1961: 551). ]\Tontagna (1962: 16), and Bloom
and Fawcett (1968: 481) is properly restricted to the basal
layer of epidermal cells. Many authors include within the
stratum germinativum the spiny as well as the basal layer
(Montagna, loc. cit.; Arey, 1963: 186; Copenhaver, 1964:
313; Leblond et al, 1964: 41; and Greep, 1966: 423).
Thüringer (1924, 1928) based his acceptance of a bilayered
structure for the germinativo layer on his observations that
mitosis occurs in both of these layers of the epidermis. He
found fewer mitoses actually in the basal than in the spiny
layer. Because there has been confusion in defining the term
''stratum germinativum,'' Finerty and Cowdry (1960) eliminated it altogether. In their writing they used only the
names for individual layers as given in the Nomina Anatómica (lANC, 1956: 30). The names for these five layers of
the epidermis remained the same in the third edition (lANC,
1966: 107).
However, at least two inclusive terms are still needed—one
to cover the cornified layer and one to cover the layers of
living cells. Cane and Spearman (1967) and Spearman
485
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(personal communication) have extended the definition of
stratum germinativum to include all layers of living cells. In
this sense the location of mitoses was not involved, but rather
the name was based on the thought that all layers of living
cells are involved in generating cornified cells. Spearman
(loc. cit.) cited examples from embryology, where the word
''germinal" had been associated with the idea of producing
something, rather than designating the location of mitoses—
". . . germinal layers, germinal cells, germinal vesicle, germinal plasm (protoplasm), germinal pore, etc. . . .'' It is in this
sense that germinative is being used here to include all layers
of living, noncornified cells of the epidermis, Wodzicki (1928)
in his study of avian skin used stratum germinativum with the
same meaning used by Spearman (loc. cit.).
Often the area in the stratum germinativum occupied by the
polyhedral-shaped cells contains intercellular spaces crossed
by stainable fibers. Some authors have applied the term
''stratum spinosum'' to this layer of cells, which in both birds
and mammals is generally associated with a thick epidermis.
Most textbooks of mammahan histology illustrate the
layers of the epidermis by a section taken from a region where
the skin is thick, such as the palm of the hand or the sole of
the foot. In these locations a distinct stratum lucidum (glassy
layer) and stratum granulosum (granular layer) are visible.
The labeled figures nearly always indicate all four as separate, distinct layers (i. e., Nonidez and Windle, 1949: 245)
as does the lANC previously mentioned, but some texts make
a point to explain that the stratum granulosum is part of the
stratum germinativum and that the stratum lucidum is part of
the stratum corneum (Böhm and von Davidoff, 1910; Braus,
1940; and Bremer and Weatherford, 1944), This agrees with
our own concept of suitable terminology.
The thin skin of birds does not contain a stratum lucidum.
In certain thickened areas of the skin, darkly staining cells
are present, but it is doubtful if these constitute the equiva^lent of the mammalian stratum granulosum. The only reference found thus far that states that both a stratum lucidum
and a stratum granulosum are present in the chicken is by
Kaupp (1918: 314), in which the author describes the transformation of cells taking place from the basal layer to the
surface :
. . . each cell changes first into a cell of the stratum Malpighii;
then, when it commences the formation of keratohyalin, it changes
into a cell of the stratum granulosum; later still, into a cell of the
stratum lucidum; and finally into an element of the stratum corneum, where it gradually loses its nucleus, cornifies, and at last drops
off.

The uppermost strata of the germinative layer have one
or two layers of cells. These cells may be vacuolated, but the
vacuoles do not stain with eosin, aniline blue, orange G, or
other cytoplasmic stains employed in these studies except
Oil red O. The constancy with which this layer of cells
occurs in the skin of the avian body makes it desirable to
have a term for this layer of cells. If we were sure that it was
equivalent to the cells of the stratum granulosum or of the
stratum lucidum, we would use one of these terms, but since
we do not know this, it seems better to give it a new name,

''stratum transitivurnJ'' The morphology of this layer of cells
suggests that it is transitional to the cprnified cells above.
In thin avian skin, the intermediate layer (mammalian
spinous layer) is usually composed of a single row of cells as
is the basal layer, but in a thickened epidermis, the intermediate layer may consist of several rows. Lange (1931: 399)
discussed the possibility that what we have named as transitional cells is equivalent to a stratum granulosum. McLoughlin (1961: 374) mentioned this layer in his study of
epidermal differentiation in tissue culture: ''A stratum granulosum is sometimes seen in tangential sections as a single very
flattened layer of cells beneath the keratin.''
McLoughhn may have been referring to the deepest layer
of corneum, which Cane and Spearman (1967: fig. la) labeled the transitional zone. Its location in the corneum is
similar to that of the stratum lucidum in mammals. We have
apphed the term ''transitional layer'' {stratum transitivum)
to vacuolated cells at the superficial border of the germinative
layer. Cane and Spearman (loc. cit.) have depicted the cells
of this layer diagrammatically with accurate characterization
in their figure la, but have not named it.
Selby (1955), in her study of the dermo-epidermal boundary of the mammalian skin, noted a double membrane—an
inner cell membrane and an outer dermal membrane. She
chose the term ''dermal membrane" to distinguish it from
the typical basement membrane of the classical histologists
to whom it is a (Selby, 1955: 436) \", , , broad band of connective tissue material adjacent to the basal cell membrane."
Conclusions on terminology for layers of epidermis.—In
summary, therefore, the following terms will be used for the
epidermis of a bird:

Epidermis

Stratum corneum (corneum, corneous layer, cornified layer, horny layer)
Stratum germinativum (germinatival or germinative
layer)
\ Stratum transitivum (transitional layer)
Stratum intermedium (intermediate or polyhedral
layer) 1
Sti^atum básale (basal layer)

Membrana basalis
^Where the intermediate layer is several cells thick and the spaces
between the cells are crossed by ''intercellular bridges," the layer
may be called stratum spinosum (spinous-cell layer or prickle-cell
layer).

Dermis and subcutis
The dermis has also been named derma, corium, or cutis
vera. Arbitrarily, the first of these four names has been selected for use in this text and on the drawings. The occurrence of dermal papillae in man has led to the use of the
terms "stratum papillare'' for the upper layer of the dermis,
and "stratum reticulare'' (tunica propria) for the lower layer.
The former is applicable to avian species only in special locations and the latter has never been found appropriate for
avian skin. The dermis of birds may be uneven, but it is not
elevated into true papillae except on toes and beak and other
areas of thickened epidermis. In some regions the dermis
may have densely packed collagenic bundles, and in other
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regions the bundles are loose and delicate. For these, such
terms as ^^compact" and ^^loose'^ are applicable, or when
position is significant, then '^superficial" and ''deep/'
Part of the problem of terminology for the avian dermis
comes from the restrictions in usage developed by the mammahan-oriented histologist. Terms that are particularly
appropriate for designating layers of tissue in the avian
dermis have been limited in application in the mammaUan
field to the uterus, placenta, or part of the brain. For example, the stratum profundum is a fiber layer of the inferior
colhculus of the brain, between the central gray substance
and the fibers of the lateral lemniscus; stratum básale designates the basal layer of the endometrium; stratum compactum
and stratum spongiosum are used to identify the surface and
deep layers, respectively, of the decidua parietalis, A statement of guidelines in respect to the adherence of mammalian
terminology to birds was given in the last paragraph on
page 1 and in the above examples. Evidently, terms as they
have been used for mammals are not applicable to birds.
Schreiber (1960: 60) indicated the need for a separate nomenclature of the macroscopic anatomy of domestic mammals
and of birds.
Therefore, we took the liberty to use some terms in avian
histology that have meanings different from those often
applied in the mammahan field. Where a name can be shared
equally well in both classes of vertebrates, such as femur,
humérus, m. biceps brachii, and fundus oculi, then it will be
used in avian anatomy. In conclusion, therefore, we use
some names for the layers of the avian skin that would not
be appropriate for the mammal or would have a different
meaning if applied to a mammal.
Below the dermis is a less dense connective tissue layer
variously called the subcutis, subdermis, hypodermis, tela
subcutánea, stratum subcutaneum, and other terms. We have
chosen to use the terms ''subcutis" and the Latin equivalent
^Hela subcutánea'' for the noun. "Subcutaneous" is the adjective. The Paris Nomina Anatómica (lANC, 1956) lists tela
subcutánea as a subheading under corium, but histology texts
and medical dictionaries generally treat the subcutaneous
layer as separate from the corium.
In mammals, including man, the subcutis contains a layer
of fat, the panniculus adiposus. The same fat layer is present
in birds but somewhat differently distributed and organized.
Although much smaller in the fowl, the panniculus adiposus
is usually associated with feather tracts and is often absent
in the subcutis beneath apteria. In addition to this layer are
individual fat bodies named by Liebelt and Easthck (1954).
Wodzicki (1928: 676) described them as like bread rollsround, thick, broad, and somewhat elongated. These bodies
are bound by fascia to underlying muscles. The fat layer and
the fat bodies together probably would be the equivalent of
the mammalian panniculus adiposus (Congdon et al., 1946).
The implication is given in the paper by Wodzicki (1928),
based on older hterature, that the term "panniculus adiposus'^ applies to the fat bodies as well as to subcutaneous fat.
The use of one term for both kinds of fat units may lead to
some confusion, but it seems better to accept this possibility
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than to introduce and apply separate terms for each fat unit.
Separate terms would be hard to define and clearly identify.
The subcutis (tela subcutánea) is the connective tissue,
generally areolar, that Ues between the dermis and the
dense connective tissues covering the muscles. The loose connective tissue of the subcutis has been called the superficial
fascia and the dense layer, the deep fascia. However, the
restriction in meaning given by Congdon et al. (1946) to
superficial fascia makes it difficult to apply the terms to
avian species. In man, superficial fascia can occur only where
there is a panniculus adiposus, and then the very thin sheet
of connective tissue is parallel to the surface of the fat dividing the pad into upper and lower layers. This is apparently
not the same concept given by our medical dictionaries for
superficial fascia. According to Borland's (1957) and Stedman's (1961) dictionaries, superficial fascia and tela subcutánea are synonymous, and the deep fascia is the dense
layer investing the muscle. These fascial layers will be used
for avian species in the sense given in the dictionaries mentioned. The morphology of the fascial layers is relatively
simple except below the keel. In this location it is convenient
to divide the superficial fascia into superficial and deep layers,
as Cummins (1966: 116) has done for man where the fat
layer is thick, and to do the same for the deep fascia.
The skin of birds, both epidermal and dermal portions, is
thin compared to mammals of equal size. This may be associated with the effectiveness of feathers as a covering. Birds
are probably more dependent upon the insulating value of
their feathers to maintain their high temperature than on
their layer of subcutaneous fat.
Literature
No adequate description of the chicken's skin is yet available in the literature. Jeffries (1883) gave a general account
of the integument of birds based largely on the chicken and
the duck. Moser's (1906) general account was based in part
on the chicken, and Koutnik (1927) followed the histological
changes in the brood areas of the chicken. Wodzicki (1928)
employed the domestic goose, and Krause (1922), the pigeon
as the material for his investigations. The most detailed
description of the avian skin was presented by Greschik
(1916) based on the Hawfinch {Coccothraustes coccothraustes)
and on the House Sparrow.
The following is a brief review of the terminology for avian
skin used by the aforementioned authors. Jeffries (1883) used
the terms "epiderm" rather than "epidermis," "mucous
layer" for the basal layer of cells in the stratum germinativum,
''transitional cells" for the polyhedral cells above the basal
layer, and ''cutis vera" for the dermis. Moser (1906), whose
work was based largely on the hen, noted that a general
understanding of the histology of the skin should be obtained
from featherless areas, a suggestion with which we agree. He
divided the epidermis into (1) a nucleated layer, the stratum
profundum, which corresponds to the combined stratum
cylindricum (basal layer) and stratum spinosum (our intermediate layer) and (2) a stratum corneum. Moser pointed out
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that a stratum granulosiim was absent. Wodzicki (1928)
divided the epidermis into the stratum germinativum and
stratim corneum. Wodzicki stated (1928: 671) that the basal
layer of epidermal cells rests upon a basement membrane.
The existence of such a membrane is denied by other authors,
Wodzicki (1928) gave no evidence for its existence and did
not label such a membrane in his drawings of the cross section
of the skin. Our experience with the identification of this
membrane will be discussed on page 491. Wodzicki (1928)
collected tissues from various regions of the body of the duck,
but his description is generahzed rather than based on the
comparison of specific areas of the skin. He designated the
stratum intermedium as a thin transitional layer at the upper
margin of the stratum profundum that is represented by granules or by a darker staining of the cells in this area but probably not a layer equivalent to the stratum granulosum of
mammals. Our own studies on avian skin appear to justify
dividing the epidermis into four layers (p. 485) of which three
belong to the stratum germinativum: basal, intermediate, and
transitional layers, with the corneous layer above. Lange's
(1931) stratum profundum includes our basal and intermediate layers, and Lange's intermediate layer is equivalent
to our transitional layer. He spoke of these as darkly stained
cells. This we have observed also. These cells may appear to
be hghtly stained when they contain many nonstaining
vacuoles.
Jeffries (1883: 205) noted the absence of papillae in the
avian dermis. Moser (1906) was of the opinion that the three
layers of the mammahan corium, namely, partes papillaris,
intermedia, and reticularis, were hardly appropriate for birds,
and thus he divided the corium into two layers—the stratum
superficiale and stratum profundum. We have followed Moser
in using these terms for the major subdivisions of the dermis.
When a deep layer is named in both epidermis and dermis, it
becomes somewhat confusing, and so it is necessary to specify
as follows: stratum profundum epidermidis and stratum profundum corii or dermi. We recommend that the term ^^deep
layer'' not be applied to the epidermis.
In the pterylae, feather muscles are abundant, and these
Moser (1906) designated as the stratum musculare lying between the superficial and the deep layers. Our own observations have been that the feather muscles he entirely or almost entirely in the lower part of the deep layer.
Greschik (1916) adapted the terminology of Moser (1906),
and this was accepted by Wodzicki (1928) with a few additions and changes, Wodzicki's classification of the corium is
as follows:
I Stratum superficiale corii,
Corium • ' A Stratum musculare vel pennarum-foUiculosum.
[ Stratum profundum corii.

Wodzicki (1929) noted in the skin on the head of chicken and
pheasant that the superficial layer of the dermis was often
filled with blood sinuses (sinus capillaries). Wodzicki (1928:
673) did not regard the stratum pennarum-folliculosum of
Moser (1906) or the stratum musculare of Greschik (1916) as
separate layers of the skin, but rather as structures lying

within the stratum profundum corii. Our observations (p.
512) agree with Wodzicki's on this point.
Apparently various authors have seen the same structures
but have appHed different terms to them. Lange (1931) used
the following:
Epidermis . .

Corium

Stratum corneum.
Stratum intermedium.
Stratum profundum.
Stratum laxum corii.
Stratum compactum corii.
Stratum musculo-elasticum.

Subcutis

Lange (1931) placed the musculo-elastic layer beneath the
compact layer, which agrees with our observations. The
term ''stratum laxum'' is not commonly used in the literature.
Lax {laxus L.) means loose or wide, and thus it designates the
loose connective tissue layer beneath the epidermis. Lange
was of the opinion that the stratum superficiale corii of Moser
(1906) and Greschik (1916) represented the total corium
beneath which was a layer of blood vessels, and beneath
these vessels what Greschik (1916) designated as stratum
profundum corii, Lange (1931: 424) regarded as the superficial spongy connective tissue of the subcutis. We have taken
the liberty, however, to use the term ''stratum laxmn" of
Lange and apply to it a different meaning than that which he
originally intended; on the basis of position the dermis has a
superficial and a deep layer, and the latter on the basis of
structure has two parts—a compact and a loose layer. It is
the latter to which we wish to apply the term "stratum
laxum.''
The stratum musculo-elasticum has been described by
Lange (1931: 424) as follows:
... Im Gebiet des Raines wird es tiefenwärts von den elastischen Fasern des Stratum musculo-elasticum begrenzt, im Gebiet
der Flur von den Federbälgen, den Arrectores plumarum, und dem
diese Bildungen umgebenden Fettgewebe. Die elastischen Fasern
im Gebiet des Raines sind, wie auch Greschik hervorhebt, von
gleichgerichteten, ziemlich straffen kiilagenen Fasern begleitet,
welche tiefenwärts der Elastika anliegen. Im Gebiet der Flur geht
die elastische Schicht also solche in den Arrectores plumarum auf;
nur an der Grenze von Rain und Flur haben die ersten dieser Muskeln direkte Verbindung mit ihr, während sie innerhalb der Flur
von Balg zu Balg ziehen.^

More extended discussions of the elastic layer will be
given under descriptions of skin from various regions of the

1 Translation : In the region of an apterium it [the dermis] is bounded
toward its deeper side by the elastic fibers of the stratum musculoelasticum, while in the region of a pteryla, it is bounded by feather
follicles and the arrectores plu7narum and the fatty tissue surrounding
these structures. As Greschik too has emphasized, the elastic fibers
in the region of an apterium are accompanied by rather straight collagenous fibers which run in the same direction, but which lie deeper,
close to the elástica. In the region of the pterylae, the elastic layer as
such merges with the arrectores plumarum. Only at the boundary between an apterium and a pteryla, do the first of these muscles have
direct connection with it (the elástica), while within a pteryla they
extend from follicle to follicle.
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body. We have found, as did Lange, that a collagenic fiber
bundle may parallel the row of elastic fibers. Krause (1922),
in his studies on the skin of the pigeon, described the dermis
as having but two layers—a loose layer adjacent to the epidermis and a compact layer below this. His loose layer is the
equivalent of our superficial layer, and the loose layer between compact dermis and elastic lamina (our stratum laxum
deryni)^ he combined with the subcutis.
Böhm (1964: 360) divided the dermis layer of the chicken
into the following:
Stratum superficiale (surface stratum).
Stratum vasculosum (blood vessel stratum).
Stratum profundum (deep stratum).
Lamina compacta (compact stratum).
Lamina musculoelastica (muscle-fat tissue stratum) possibly in
place of the two latter—lamina muscularis (muscle stratum)
or lamina adiposa (fat tissue stratum).
Lamina elástica (elastic stratum).

Böhm (1962) reviewed much of the same literature covered
by us and gave citations for the above terms. He regarded the
stratum superficiale and stratum vasculosum as two layers; w^e
regard them as equivalent. The superficial layer is sometimes
well vascularized, other times not. Our vascular layer is composed of terminal vessels, Böhm's vascular layer carries
larger vessels.
Conclusions on terminology for layers of dermis and subcutis.—The following are the terms that to us seem to fit
best the histology of the avian dermis and subcutis:

Dermis
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Stratum superficiale dermi (superficial layer of
dermis).
Stratum prof undum dermi (deep layer of dermis).
Stratum compactum dermi (dense layer of connective tissues).
\
Stratum laxum dermi (layer of loose connective
tissues containing fat, large vessels, smooth
muscle, and follicles).
Stratum musculo-elasticum (apterial and feather
muscles and tendons but excluding the elastic lamina).
Lamina elástica dermi (elastic lamina of the dermis).

' Stratum superficiale telae subcutaneae (superficial
Subcutis
layer of the subcutis) .^
(superficial s Stratum profundum telae subcutaneae (deep layer of
fascia).... [
the subcutis).^
Deep fascia^
1 Panniculus adiposus may occupy one or both layers.
2 This, as in the keel region, may be subdivided into superficial
and deep regions, but generaUy there is no evidence for two parts.

Mammalian and avian skin differ in still another respect :
Except for the uropygial gland (and possibly one could include the glands that empty into the external ear canal as
was done by Moser (1906: 220)), organized integumental
glands are completely absent in birds. The morphology of
the ear gland and the character of the secretion were described by Plate (1918). Our own investigations revealed
that the epidermis of the skin produces the fatty secretions
and does so without the existence of specialized glands. (See
p. 627.)

HISTOLOGY OF APTERIA
Chicken
The skin is thinner in apteria than in adjacent feathered
areas. Sections of such apteria reveal the histology of the
skin in its simplest terms, especially when taken from recently
hatched birds. One of the thinnest areas in the chicken is the
postauricular (temporal) apterium located directly above the
external ear opening (figs. 53 and 54, p. 99). The reddening
of the facial skin that is characteristic of the older Single
Comb Leghorn can be studied in the postauricular apterium,
and a comparison can be made of the subepithehal capillaries
in this area with those in the comb, wattles, and rictus.
Postauricular (temporal) apterium at 1 day of age
General—]\iore of our studies in histology were based on
the chicken than on the remaining four domestic and laboratory species; comparisons were made with these other species,
but frequently illustrations were omitted because of the close
similarity to corresponding tissues already studied in the
chicken.
Measurements of skin thickness are influenced by the
amount that the fresh tissue was stretched before fixation.
We found the least distortion in the day-old chick by chpping
the down of the head and then dropping the whole head in

fixative, either Bouin's or Zenker's acetic. In the higher
alcohols, after washing^ a strip was removed extending from
the coronal region ventrally to the level of the jaws. The strip
of tissue was wide enough to include all of the postauricular
apterium and some adjacent feathered areas. The strip also
included all of the external ear opening, the entire auricular
tract, and, ventrally, the upper half of the earlobe. This permitted some comparisons between an apterium, a feathered
area, and the earlobe. Spaced serial sections were made by
cutting lengthwise, beginning at the anterior margin. Sections that passed through the external ear opening best
showed the postauricular and earlobe apteria. The histology
of the postauricular apterium (fig. 296) is described first and
in detail because it admirably serves as a basis of orientation
for more specialized structures of the skin that will be described later, although the area probably has httle anatomic
importance for the organism as a whole. Its study, however,
has value because of the great structural changes that occur
between the recently hatched chicken and the old chicken.
Embryonic differentiation of the skin has been summarized briefly by McLoughlin (1961) based on his study of
the growing limb-bud. A periderm (epitrichium) is present at
2 days, and by 5 days the skin is composed of two layers, an
outer periderm, and an inner basal layer. Mitosis occurs in
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both layers; therefore, they are independent in growth. The
cells of the epiderm are extremely flattened and form a continuous layer, whereas the basal cells are scattered and do
not form a complete layer until about 12 days of incubation.
From this age onward, cells are pushed outward to form an
intermediate layer, and by 17 days a true keratinized epithe-

lium is formed. The periderm is sloughed about the 18th day
according to McLoughlin (1961), but we observed that the
periderm covering the comb persisted until after hatching.
Conformation of surface.—The postauricular apterium is
elevated into low folds with broad, slightly curved surfaces,
These dip downward abruptly, causing rather sharp grooves

ratum comeum ,
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Basement membrane
Stratum superficiale

Bundle of collagenic fibers
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296.—Transverse section of skin from the postauricular apterium. The plane of section is oriented dorsoventrally.
Single Comb White Leghorn Chicken, 1 day of age. Drawn from a section stained in hematoxylin and eosin with the following
tissue details added from a nearby section: (1) elastic and collagenic tissues (Margolena and Dolnick, 1951), (2) reticular
fibers (Gridley, 1951), (3) nerve fibers (Ungewitter, 1951), and (4) basement membrane and additional tissue details (Margolis
and Pickett, 1956).

FIGURE
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between the folds. This conformation was not conspicuous
in the sections because the plane of section was often parallel
to the plane of the folds.
Epidermis.—The epidermis ranges in thickness from 13.0
to 22.7 M averaging 17.0 ¡x. The corneum is extremely thin;
it is usually composed of four to five flattened cells, totaling
from 3.3 to 7.4 ß in thickness and averaging 5.3 ¡i. Hematoxylin and eosin, Giemsa, and Margolena and Dolnick's
(1951) connective tissue stains color the dead nuclei of the
cornified cells only faintly, but the nuclei are clearly revealed
following Ungewitter's urea silver technique. With the silver
stain the nuclei appear as densely brown, flattened ovals
without structure. Nuclei are not eliminated previous to the
desquamation of the corneum cells. The upper cefls of the
germinative ayer have condensed nuclei stained by Ungewitter's silver method in which there may be few or many
densely packed dark-brown granules. The cells of the stratum
básale have nuclei that stain a pale yellowish brown. The
results described here were obtained rather rarely; the intensity of the stain is highly variable, and in many preparations these dying nuclei showed no color differentiation.
The germinative layer is generally three cells thick; representative measurements ranged from 5.4 to 13.3 ß and averaged 10.8 ß. The cells of the basal layer are broader than tall,
and sections cut parallel to the epidermis show the nuclei of
these cells as being larger than when examined in transverse
sections. The basal ceUs form a definite layer, and above
these are the many-sided cells of the intermediate layer. The
nuclei of these are more widely spaced than those of the basal
layer, but the structural appearance of these and the basal
cells are, in general, similar. The nuclei of both layers may
show partial margination of chromatin. A drawing showing
details of the epidermis was not made for the postauricular
apterium at 1 day of age, but it is very little different from
that at 150 days of age illustrated in figure 299. At 1 day of
age the cells of the basal layer tend to be more flattened
cuboidal, and are usually composed of a single layer of intermediate cells and a single layer of transitional cells. Occasionally clear, nonstaining spheres may be present adjacent
to the nuclei of the basal layer of cells, and these often push
in one side so that the nucleus takes on a crescent or other
irregular shape as shown in the epidermis for 150 days of age,
marked by the asterisk (fig. 299). The relationship of nucleus
and sphere is similar to that observed by Lucas and Herrmann (1935) in the corneal epithelium of the rabbit. The
cause of the condition is unknown, but it is regarded as abnormal. The occurrence of these clear-staining spheres w^as
found to be particularly abundant in the epidermis of the
developing comb and at the tomial edge of the beak (fig.
367, B, p. 587). Moog and Lutwak-Mann (1958) obtained
a similar reaction when blastocytes of rabbits were exposed
to culture media. Similar compression of a nucleus by a
cytoplasmic vacuole is shown in an epidermal papilla of
mammalian skin (Bloom and Fawcett, 1968: ch. 12, fig. 28).
The uppermost layer of cells of the stratum germinativum
is the stratum transitivum. These cells generally form a single
laj^er at 1 day of age. The flattened, extended cytosome pro-
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duces a clear line just below the corneum. Examination under
high magnification reveals that the poor staining was due to
vacuohzation of the cytoplasm. Among the techniques employed here, none colored the contents of the vacuole, a fact
that has been illustrated in figures 299 and 300. Often the
vacuoles adjacent to the nucleus coalesce and enclose the
nucleus in a large sphere and separate rather widely the
nucleus from the cell walls above and below it. Krause (1922:
194) described granules instead of vacuoles in cells of this
layer,
Histologists investigating the avian skin some years ago
failed to find an epidermal basement membrane (e.g., Jeffries, 1883: 204). This is easily understandable because
among the various commonly used stains that we employed,
none, even under high magnification, gave any suggestion
that such a membrane existed except Margolis and Pickett's
(1956) technique for Luxol fast blue combined with PAS
(periodic acid Schiffes reaction). The use of these techniques
caused the membrane to stain intensely red and appear as a
thin, uniform line about 0.5 M thick. It followed closely the
dermal end of the basal cells and dipped upw^ard between
them. The upward dips suggest that there may be gaps in the
continuity of the basal layer as large as wiiole cells. The general appearance of the membrane at 1 day of age is similar
to that shown around the epithelial cord at 150 days of age
(fig. 300).
Ottoson et al. (1953) review^ed the several concepts of histologists antedating the widespread use of the electron microscope and noted that Hoepke (1927) regarded the basement
membrane as a clear zone adjacent to the epidermis. This
concept approaches our present idea, but other histologists
regarded the basement membrane as a dense aggregation of
connective tissue fibrils. The electron microscopic studies by
Ottoson
et al.
(1953) demonstrated in frog skin, a membrane
o
o
200A to 300A thick, which is separated from the plasma membrane by a space of about equal thickness. Their studies with
microelectrodes indicated that most of the electrical potential
difference between the skin surface and dermis w^as due to the
basement membrane. Kischer (1963), in his study of the
ultrastructure of the epidermis and dermis of the developing
down feather, identified a basement membrane. He found the
dermo-epidermal boundary to be composed of a plasma
membrane adjacent to a space 0.035 M wide follow^ed by a
granular layer 0.015 M wide. Mierofibrils lay in the dermis,
and some of them made contact with the under surface of the
basement membrane. It is doubtful that these mierofibrils
are the same as the PAS positive fibrils shown in figure 299,
that extend into the dermis.
The basement membrane measured 0.5 ß thick with the
light microscope and 0.05 ß with the electron microscope, a
10-fold difference. The review of recent literature indicates
that the basement membrane is part of the epidermis, that it
is not connective tissue, and that it is a thin, amorphous
layer immediately outside the plasma membrane. The thick
basement membrane surrounding the capillaries of the pectén
oculi has been described as laminar and fibrillar when studied
with the electron microscope (Seaman and Storm, 1963). The
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fibrils show no periodicity. The basement membrane is exceptionally well revealed in sections of the beard papilla of
the turkey,
Bennett (1963) reviewed evidence that the basement membrane is an extracellular layer of polysaccharides and is to be
found in association with muscle fibers, endothelial cells,
type specific cell antigen of erythrocytes, zona pellucida, cuticle (of insect epithelia), and the cell wall of plants. Because
so many names have been applied to the same ^'extracellular,
sugary coating,^' Bennett (1963: 19) suggested a general
term, ^^glycocalyx/' taken from the Greek and meaning sweet
husk. He made the same clear distinction between plasma
membrane and basement membrane as did Kischer (1963).
On the other hand, Porter and Pappas (1959), in their study
of the dorsal skin of the 14-day-old chicken embryo, appMed
Gomori^s silver method. The results they obtained as illustrated by their figure 21 are similar to those we consistently
obtained with Gridley's silver technique for reticular fibers.
We found that the silver technique did not clearly distinguish
the basement membrane from adjacent connective tissues.
The membrane was revealed only after PAS staining. In an
earlier study on the skin of amphibian larvae, Porter (1954)
described a cell membrane followed by a space, then a granular line, and below this, a broad band of fibers intermeshing
at right angles that resembled collagen fibers.
Dermis.—The dermis is many times thicker than the epidermis; it ranges from 84 ß to 214 ju and averages 127 ju. It is
composed of three layers of tissue (fig. 296). The upper third
of the dermis, following Moser (1906), has been named the
^^stratum superficiales' As noted by Wodzicki (1928), it contains numerous small capillaries, and although these are not
abundant in the day-old chicken, they become very numerous in the older bird. The walls of these vessels are supported
by thin strands of collagenic connective tissue at 1 day of age
(fig. 296), but reticular fibers will replace them at an older
age (fig. 301). Shrinkage spaces between connective tissue
bundles often resemble small capillaries, especially when
fibrocytes protrude into these spaces.
The second layer of the dermis, stratum projundum^ constitutes the lower two-thirds of this part of the skin. The
upper half of this layer is composed of uniformly dense and
compact bundles of collagenic fibers, and even the shrinkage
of fixation usually failed to produce significantly large, empty
spaces among them. The term '^stratum compactwn^' has been
apphed to this part of the deep layer. The bundles of collagen
fibers intertwine; if a dominant direction exists among the
fiber bundles, it is in a plane parallel with the surface of the
skin, with an interweaving of fibers at right angles to each
other within this plane, but occasionally, bundles perpendicular to these may be observed.
The lower part of the deep dermis frequently is a loose connective tissue that contains large vessels^, nerves, smooth
muscles, adipose tissue, and most of the feather follicle. This
2 The blood vessel in the loose layer shown in figure 296 has an internal
and an external elastic membrane, one of the types of elastic membrane patterns described by Pfister (1927).

layer has been given the name ^^stratum laxum/' and its description is given on page 488. As shown in the outline on page
489, the stratum compactum and stratum laxum are parts of the
stratum profundum.
The deepest layer is the extremely thin dermal elastic
lamina, the lamina elástica (fig. 296). In the region of the
postauricular apterium it is usually about 1 ß thick; nevertheless, it establishes a sharp boimdary between dermis and
subcutis. This layer was noted by Greschik (1916: 98) in his
studies on the skin of the Hawfinch. ^^Diese Schicht gewinnt
besonders auch dadurch an Wichtigkeit, dass sie uns immer
einen sicheren Wegweiser abgibt, wohin wir die untere
Grenze des Coriums legen sollen.^'^ This layer was observed
by Leydig (1857) and by Moser (1906: 94) in the chicken.
Moser stated:
An der Grenze von Cutis und Subcutis bilden die elastischen
Elemente ein starkes, dicht geflügtes, horizontal liegendes Gitterlager, welches teilweise auch als Insertionsstelle für die Hautmuskeln dient.*

Böhm (1964) also included the lamina elástica as the lower
boundary of the dermis.
Wodzicki (1928: 674), working with the fattened goose,
was unable to find an elastic lamina at the lower surface of
the dermis, but he did find this layer in cross sections of the
skin of the Common Swift {Apus apus = Cypselus apus)^
chicken, and pigeon. These birds generally have less subcutaneous fat than has the domestic goose. The elastic lamina
has been found in all of the different apteria of the chicken
that were studied both at 1 day of age and at older ages.
Apteria examined were postauricular, lateral cervical, ventral
cervical, lateral body, pectoral, pelvic, and lateral caudal.
The lamina was present in the anterior end of the sternal
apterium in the young chicken, but absent by 46 days of age
(p. 522). An elastic lamina is absent from the comb of the
chicken.
Wodzicki (1928) depicts this layer in surface view, and he
shows the sheet as composed of elastic bundles of various
widths and spaced at various distances apart but running
generally parallel to each other. His figure 3 was taken from
the ventral skin of the fowl and is very similar to our figure
297, A. Our whole-mount preparations in which an elastic
tissue stain was used, showed the fibers as extremely fine and
straight but generally separated individually and within one
plane running parallel to one another. Usually there were
several levels, always horizontal, however, each level was
composed of fibers oriented in a different direction (fig.
297, ß).
We have stressed the importance of the elastic lamina for
dividing dermis and subcutis, yet in the conventional hema^ Translation : This layer takes on such importance that to us it always
gives a certain landmark wherein we can locate the under boundary
of the corium.
* Translation : At the border of cutis and subcutis the elastic elements
form a strong, thickly structured, horizontally lying lattice layer, which
serves partly also as a point of insertion for the skin muscles.
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■ An elastic fiber
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297.—Elastic lamina of the dermis from the postauricular apterium of a Single Comb White Leghorn Chicken.
FIGURE

A, a 7-ß section of the dermal elastic lamina that failed to stand
upright on its lower cut edge. When it fell over, we were able to study
the arrangement of the elastic fibers from the subcutis side. Chicken
1 day of age. Bouin fixation. Margolena and Dolnick's (1951) connective tissue stain.
B, whole mount of postaurioular apterium from 21-day-old chicken.
Viewed from inner (subcutis) surface. Bouin fixation. Oroein stain.

toxylin-eosin slide, elastic tissues are not differentially
stained. Therefore, it is necessary for any serious study on
avian skin to include one slide treated with a technique that
reveals elastic tissue.
The stratum laxum of the dermis (fig. 296) is a layer of
loose connective tissues of variable thickness. It usually contains blood vessels of moderate size and bundles of smooth
muscles either in the apterium or in the adjacent feather
tract. If the arteries are large, the three elastic components
of the wall are strongly developed, especially the inner and
outer elastic membranes; the intertwining of the fibers among
the smooth muscles of the middle layer is less dense than in
the internal and external layers, and the elastic fibers among
the muscles run at right angles to those of the other two layers. The elastic layers in the arteries of the skin agree with
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those described by Pfister (1927) for vessels in other parts of
the body. When vessels of such size are absent, the stratum
compactum may extend to the elastic lamina and eliminate a
stratum laxum.
If the vessels of the stratum laxum are large, the elastic
lamina may divide, one sheet passing above (accessory
elastic lamina) and the other below these arteries.
On each lateral side of the artery, as shown in figure 296,
is a small amount of loose connective tissue that serves to fill
the space between the artery wall and some unusually large,
thin-walled vessels that extend parallel to the dermal elastic
lamina. These vessels are not capillaries; capillaries, when
present, are much narrower in diameter than these vessels,
and the nuclei of the endothelial cells are more abundant than
in these large channels. Blood cells are often seen inside the
capillaries but never in the large channels, and the latter,
regardless of their size, have a wall composed only of a thin
endothelial layer apparently without muscular layers. Peripheral to this, the channel is supported by loose collagenic
fibers. These channels have the characteristics of terminal or
near-terminal lymph vessels and have been so designated in
the illustrations. Wodzicki (1928: 675) observed lymph vessels in the skin after injection but only in the subcutis. He
recognized the difficulty of distinguishing the boundary between deep dermis and subcutis; therefore, the lymph vessels
he observed may actually have been in the dermis.
Sections often reveal what appears to be a junction of two
lymph vessels at a very acute angle; an alternate explanation
would be the existence of a small lymph valve. The presence
of lymph vessels is to be expected in a bird of this age, but
lymph vessels will prove to be less conspicuous and often
absent in older birds. Valves in lymph vessels were found in
other preparations. Some showed two closely opposed ñattened membranes projecting into the vessel lumen.
Both major arteries and veins were present in carboninjected whole mounts. In the subcutis, small vessels are
associated with nerve bundles, some of which may be veins,
but certainly the pattern of venous return is not readily apparent in sections. Comb tissue is somewhat similar to that
in the postauricular apterium and, as will be described later,
terminal arteries are more numerous than veins.
In the stratum laxum of the dermis are nerve bundles composed of five or more fibers. As the nerves move into the
dense connective tissue layer of the dermis, the number of
fibers becomes fewer, and in the superficial layer they are
further reduced to single axons. A few individual axons were
traced short distances in the sections, some nearly reached
the epidermis. There was no evidence of laminated nerve
endings. In feathered areas, nerve axons are much more
abundant than in apteria, and avian lamellar corpuscles are
common.
Subcutis.—The subcutis or superficial fascia (fig. 296) is
highly variable in thickness; this is associated with the contours of the underlying adductor muscle. Measurements of
thickness ranged from 136 /ito 254 ¡j. and averaged 192 ¡x. The
subcutis is composed of delicate and widely spaced collagenic
fibers generally assuming the arrangement of spaced sheets

494

CHAPTER 9—MICROSCOPIC STRUCTURE OF SKIN AND DERIVATIVES

parallel to the inner dermal surface. The connective tissue
fibers become somewhat more closely packed at the surface
of the muscleSj and here, as a deep fascia, maintain continuity with the intermuscular septa between the muscle
bundles. Blood vessels are carried within the subcutis. Nerve
bundles, particularly larger ones containing 10 or more fibers,
are relativel}^ numerous. These course through the subcutis
toward the dermis.
The striated muscle below the deep fascia is divided into
bundles composed of about 9 to 16 fibers for the smallest and
50 or more for the largest. The bundles are separated by
either densely or loosely organized collagenic connective tissue, but each muscle fiber is closely encompassed by reticular
fibers. A silver technique such as Gridley's (1951) stains this
tissue an intense black. The reticular fibers are sufficiently
close together that muscle cells seem to be completely separated from each other, and, in a cross section, the cut ends of
the reticulum give the effect of encapsulating each muscle
fiber. The true organization is seen best in longitudinal sections of the muscles, where the reticular fibers partially encircle the muscle fibers in an irregular fashion and also run
lengthwise between them. Among the muscle bundles and
fibers may be observed scattered blood vessels and nerves.
Postauricular (temporal) apterium at 150 days of age
Three conspicuous changes occur between 1 and 150 days
of age: (1) the capillaries of the superficial dermis proliferate
enormously; (2) the connective tissues of the deep dermis
become dense bundles organized into successive layers with
fibers of each layer crossing those of the adjacent layer at
right angles; and (3) there is nearly complete obliteration of
the subcutis. A male chicken, 150 days of age, was used to
illustrate the histological characteristics of this apterium for
a bird at early maturity (fig. 298).
Conformation of surface,—The rounded, low folds at 1 day
of age continue on to the adult stage. The folds are separated
by abrupt grooves. In the adult, the redness of the face includes the postauricular apterium as weh as surrounding
adjacent feathered areas. The color, w^hich is caused by blood
in the underlying sinus capillaries, is strongest on the elevated folds and practically absent from the bases of the
grooves.
Epidermis.—The epidermis is nearly the same as at 1 day
of age; it is three to four cells thick, and the eorneum is still
thin and is composed of an estimated four to six layers (figs.
298, 299, and 300). The nuclei of the basal layer of the germinativum are more crowded than at the earlier age, and instead of remaining round, many have become slightly elongated vertically. The cells of the intermediate layer are
similar in structure to those of the basal layer, except that
the former have a polygonal shape. Vacuoles regularly occur
in the cytoplasm of basal cells and sometimes of intermediate
cells. An example shown in figure 299 is marked by an asterisk. Such vacuoles indent the nuclei to varying degrees and,
as mentioned earlier, are considered to be abnormal. The ceUs
of the uppermost or transitionah layer of the germinativum

are greatly flattened, and the nucleus in the center often produces a large central bulge. The c^T^tosome is clear and this
row of cells may give an impression of a stratum luciclum.
Freund (1926) probably saw something similar when he
stated (p. 156): ^^Bei Fringilla coelebs findet sich neben einer
Verdickung des polyedrischen Stratum mucosum eine Zwischenzone besonderer abgeplatterter, eigenartig sich färbender Zellen, w^elche zu den platten Zellen des Stratum
corneum überleiten.''^
Crispens and Eastlick (1960) mentioned a stratum hicidum
w^hen describing the effects of painting the earlobe with
methylcholanthrene in benzene, but they did not give information as to the nature of the clear band that they observed.
Leblond (1951) and Giroud and Leblond (1951) distinguished two types of keratin—soft and hard. Corneum of
mammalian skin, corns, callouses, eponychium of nails, and
medulla of hair are examples of soft keratin. It is supple and
malleable and cells are desquamated from the surface. Areas
of soft keratin may have a granular layer {stratum granulosum) and a glassy layer {stratum lucidum). Examples of hard
keratin are nails, horns, hooves, claws, and the cortex and
cuticle of hairs. These are hard, stiff structures in which
desquamation does not generally occur. The epidermis shows
but two distinct layers—cellular and cornified. Instead of a
granular and a glassy layer, a transition zone may exist between the spiny layer and the corneum. As shown in the
latter part of this chapter (pp. 602 and 606), when scales are
described, the sulci between scales and the eponychium of
beaks and claws have distinctive structural differences in the
germinativum, depending on whether hard and soft keratins
are present.
When Margolena and Dolnick's (1951) connective tissue
stain is used, there is a sharp transition from the blue-staining
of the germinative layer (including the clear squamous cells
of the transitional layers) to the adjacent, overlying keratinized sheets of the corneum. As shown on page 605, the
cells of the intermediate and the transitional layers contain
tonofibrils, the cut ends of which may appear as granules,
and the vacuoles of transitional cells contain sebaceous secretion spheres similar in stainabilit}^ to those of the oil
gland. When the technique of Dane and Herman (1963) for
prekeratin was used, there was an overall yellow (orange G)
in those cells immediately below the corneum; but the color
of vacuoles and intervacuolar cytoplasm was the same, and
it is doubtful if prekeratin was indicated.
Where transitional cells are more than one layer thick, it is
frequently seen that their nuclei aline themselves in perpendicular rows. This peculiar reaction is one mentioned by
Freund (1926) as occurring at the edge of the nostril of the
carrier pigeon. If a sufficient number of cells is present in one
of these perpendicular rows, the nuclei pile on top of each
other to produce small, fiat arches at the surface. We also
^ Translation : In Fringilla coelebs one finds besides a swelling of the
polyhedric stratum mucosum a transition zone of especially flattened,
peculiarly colored cells, which transform to the flat cells of the stratum,
corneum.
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found this arrangement in the epitheUum lining the caudal
end of the nasal cavity in the young chicken. This reaction
is widespread throughout the skin, but is not conspicuous
because only two or three cells are involved, as shown in
figure 299. Champy and Demay (1930) described the epithe-
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lial cells in rows for the comb and papillary structures on the
pheasant. They considered this phenomenon to be an indication of potential feather development, because the cells forming the barbs are also arranged in rows.
The basement membrane may be a thin line as shown in

Straium comeu
Stratum germinativu

Basement membrane

Sinus capillaries

Epidermal cord

Elastic fiber

Collagenic bundles
(anteroposterior)
Collagenic bundles
(dorsoventral)

Dermis-

Vein
Artery

Subcutis
M. adductor mandihulae extemus

ffB^l^lf^O

298.—Transverse section of skin from the postauricular apterium. The apterium was sectioned dorsoventrally. Single
Comb White Leghorn Chicken, male, 150 days of age. (Drawing based in part on techniques hsted under fig. 296.)
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299.—Enlarged view of the epidermis and parts of
the subepithelial sinus capillaries shown in figure 298.
From the postauricular apterium of a male 150-day-old
Single Comb White Leghorn Chicken. The asterisk marks
a clear vacuole in the cytoplasm of a basal cell that indents
one wall of the nucleus to deform it into a crescent shape.
(Drawing based partly on techniques listed in fig. 296.)
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figure 300, or the PAS staining may show fibers extending
from the basement membrane into the loose connective tissues of the superficial dermis. Kischer (1963) suggested that
the basement membrane might be a mucopolysaccharide,
and he discussed the ultrastructure of this membrane as already mentioned on page 491. The chemical and physiological properties of the basement membrane have been reviewed
by Bennett (1963) who emphasized the differences between a
plasma membrane and a basement membrane.
Within the superficial stratum of the dermis may be found
epidermal cords derived by downward growth from the surface, in which a stratum germinativum and stratum comeum
are present. The former is similar to that found in the surface
epidermis, but the latter is much thicker, because there is no
way in which the dead cells can be desquamated (figs. 298
and 300). Epidermal "pegs" appeared in the earlobe of a
Single Comb White Leghorn Chicken 1 week after methylcholanthrene had been appUed. The name "pegs" was given
to these structures by Crispens and Eastlick (1960), from
whose brief description and illustration they appeared to be
similar to the growths we designate as epidermal cords. There
is a difference, however, in that hyperplasia was present in
the circumstances described by Crispens and Eastlick, and
this is not the case in the postauricular area. Miszurski (1937)
and later McLoughlin (1961: 375) observed that epidermis of
the chick embryo in tissue culture often formed a cyst
". . . in which the basal layer of the epithelium is outermost, and which keratinize inwards and are surrounded by
fibroblasts." Machado and Rangel (1943) described a case of
cutaneous cystomatosis in a hen showing multiple invaginations of the epidermis, but these were so large that they involved dermal and subcutaneous layers as well. It is unlikely
that such a pathologic situation is incited by the same factors
that produce epithelial cords.
An area was selected for illustration where an epidermal

cord turned back on itself; this permitted an examination of a
tangential section of the cells in the basal layer (fig. 300).
These cells and their nuclei have about the same dimensions
in all three axes, thus they are cuboidal. From the fact that
the transitional cells producing the corneum are present, we
assume that the cornified layer increases in thickness. Therefore, in order to surround the central core of cornified cells
that cannot be desquamated, the germinative cells increase
in number. These epidermal cords were not observed at 1 or
21 days after hatching, only in the older bird.
The significance of these epidermal cylinders is unknown,
but we would like to offer one suggestion. Perhaps within
this small apterium of the head a phylogenetic antecedent
stage in feather development has been retained. Much has
been written on the origin of feathers directly from reptilian
scales and an equal amount disclaiming this possible evolutionary relationship, but to our knowledge no one has attempted to build a theory of feather origin from the kind of
epidermal invaginations described here. These epidermal
cords fulfill an early prime stage in feather formation, namely
invagination of the surface, but they do not continue in the
process of producing a feather by evaginating the innermost
tip of the epidermal cord which is, of course, necessary in the
production of a feather. Thus it is possible that the antecedent of a feather was nothing more than a protrusion of
frayed corneum securely anchored inside an epidermal cylin-
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300.—High-power magnification of a cross section of
an epithelial cord similar to the one shown in figure 298.
The cord turned back on itself and therefore was cut
twice. Surrounding the cord is the loose connective tissue
of the superficial dermis. Basement membrane was added
following Margolis and Pickett's (1956) Luxol fast blue
and PAS (periodic acid Schiff reaction).
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der. It is sometimes forgotten that a new structure does not
develop in an organism in anticipation of its subsequent use
after becoming fully perfected, but rather as a chance variation that has immediate survival value. Only by a long series
of such chance variations, acted upon selectively, has there
evolved an entirely new structure, which is now without apparent similarity to the first steps in its structural series. If
frayed corneum protruding from an epidermal cylinder persisted because it benefited the bearer, then it seems reasonable to suggest that enough of these over the body could have
provided a small measure of insulation, facilitating heat retention, an important step leading such a reptilian line toward the warm-blooded condition found in birds.
Dermis.—The dermis since 1 day of age has increased in
thickness appreciably and undergone significant tissue differentiation. The vessels of the stratum superficiale have proliferated to form a layer of sinus capillaries. The diameter of
each vessel is greater than that of a blood cell and, as may be
noted in figure 298, sections of some sinus capillaries have
four and five erythrocytes in them with additional space for
several times this number. The general character of these
capillaries is the same throughout this vascular layer; there
is no structural evidence of arteries, arterioles, venules, or
veins. The contributing arteries and veins are to be found in
the deep layer of the dermis.
A narrow band of collagenic tissue separates the epidermis
from the capillary layer. Collagenic fibers as well as elastic
fibers lie between the capillaries and support them, but probably the most abundant is the reticular tissue whose fibers
encircle the capillaries. Following a reticular tissue stain (fig.
301), the capillaries seem much more abundant and closely
packed than shown in figure 298. This is probably because
tissue areas between capillaries in figure 298 are in part tangential sections of endothelial tubes, which are revealed by a
reticular tissue stain but not by other stains.
Obviously, such an extensive capillary layer is more than
is required to supply the metabolic needs of the tissues that
surround them. As admirably discussed by Knisely (1940),
capillaries assume various morphologic conformations to fulfill a great variety of functions within each organism. Those
within a liver are different from those around fat cells; those
that carry nutrients and dissolved gases to muscle are different from the glomerular capillaries of the kidney. The fact
that capillaries are designed for a function makes one consider what could be the possible function of so many in the
apterium above the ear. The thickness of the capillary layer
was traced dorsally and ventrally on the head. In the adjacent feathered area of the head, the layer was reduced by half
or more and was broken up by other tissues. The layer of
capillaries passed below the feather follicles but did not seem
to contribute greatly to the folUcles. In the opposite direction,
namely, toward the margin of the ear, fewer capillaries
mingled with the foUicles of the auricular feathers and continued on into the dermal tissues lining the ear canal. Here,
the sinus capillaries were reduced to a single layer, and deeper
within the canal they disappeared altogether.
This concentration of sinus capillaries in an apterium is

Sinus capillary
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301.—Reticular fibers (black) encompass sinus
capillaries. Drawn from the same series of sections used for
figure 298, namely, the postauricular apterium of a male
150-day-old Single Comb White Leghorn Chicken.
Gridley's (1951) silver technique.
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similar to that present in the comb, wattles, and rictus. No
one has arrived by experimentation at a definite function for
these appendages; a male of 150 days of age and more shows
a reddening of the skin of the face, including the postauricular apterium as well as the skin beneath the adjacent feathers. Some possibilities for the existence of this vascular bed
are: (1) a heat-loss mechanism (a subject reviewed by Whittow, 1965) and (2) an absorptive surface for sunhght with
facilitation of vitamin D production (McCuistion, 1962).
Freund (1926) compared sinus capillaries in various parts of
the body, particularly with those developing in the brood
patch of the ventral skin with the skin of breeds of chickens
with naked necks. He regarded them all as basically similar
and as having the function of emitting heat.
Most of the stratum profundum is composed of dense collagenic bundles alternating in layers running at right angles
to each other. The section from which figure 298 was taken
was cut dorsoventrally across the postauricular apterium;
therefore, the bundles cut longitudinally have the same
orientation. Between longitudinal bundles are cut ends of
anteroposteriorly oriented fibers. Here and there some collagenic bundles cut across both of these layers at right angles
and are thus perpendicular to the surface. The arrangement
of these bundles in a horizontal section is shown in figure 302,
drawn from the pectoral apterium of a 188-day-old male. A
comparison of cross and horizontal sections reveals that the
bundles are much broader than thick. The alternating layers
cross each other approximately at right angles. Interspersed
in the network of horizontally oriented fibers are perpendicular bundles. These are round in cross section rather than
ribbonlike.
The deep dermis bears large arteries and veins that are
involved chiefly in supplying blood to the sinus capillaries of

498

CHAPTER 9—MICROSCOPIC STRUCTURE OF SKIN AND DERIVATIVES

Horizontal bundle of
coUagenic conn. tiss.
{axis 1)
Horizontal bundle of
collagenic conn. tiss.
(axis 2)
Blood vessels
Perpendicular bundle of
collagenic conn. tiss.
(axis 3)

/? B £"A'//V<S-

0.05 mm.

302.—Horizontal section in the stratum compactum
of the deep dermis, showing a surface view of the collagenic
fiber bundles. This should be compared with the architecture of the compact layer in a transverse section as
illustrated in figure 298. Pectoral apterium from a 188-dayold Single Comb White Leghorn Chicken. Abbreviation:
conn, tiss., connective tissue.
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the superficial dermis. The largest vessels lie in the stratum
laxum, and at 150 days of age (fig. 298) as well as at 1 day of
age (fig. 296), the connective tissues are not as densely organized around the vessels as they are above this layer. In the
sections examined, it was not possible to locate lymph vessels. We had expected that the number of such vessels would
decrease with age but not to the extent of their complete
disappearance.
The elastic lamina marks the lower boundary of the dermis.
Since 1 day of age the number of fibers has increased, and the
thickness of the lamina is greater. The elastic fibers are
mingled with collagenic fibers.
Subcutis.—As before, the width of the subcutis varies along
the length of the section, but in the area of the apterium,
where skeletal muscles underlie the skin, the subcutis is reduced to a very thin layer of loose connective tissue. Where
blood vessels or nerves are present, the thickness is increased
to provide space and support for these structures.
Pectoral apterium at 1 day of age
Tissues were taken from several apteria of the neck, body,
and tail, each for a particular reason. The pectoral apterium,
to be described next, was chosen for study because, as
shown in figure 259, page 428, the featherless space between
pectoral and sternal tracts was crossed by a sheet of smooth
muscles that formed a layer of elastic tendons and smooth
muscles. These have been named apterial muscles and are

equivalent in many respects to feather muscles found in the
pterylae. Their appearance in a whole mount is illustrated
in figure 294.
It was hoped that a description of the histology of the
pectoral apterium would answer several questions :
1. Do the apterial muscles lie at a fixed level in the dermis,
or do they occur at a wide variety of levels as do the feather
muscles?
2. Is there continuity between the elastic tendons and the
fibers of the elastic lamina?
3. Is an apterial musculo-elastic layer present at 1 day of
age?
4. What changes in character do the capillaries in the
superficial layer undergo between 1 and 150 days of age?
5. What aiïect does age have on the collagenic structure of
the dermis?
6. What effect does age have on the morphology of the
subcutis?
Illustrations would answer all of these questions quickly,
but time imposes limitation on the work of the artists so this
section will be composed only of text, but reference will be
made to illustrations of other apteria.
Conformation of surface.—At 1 day of age the surface of the
skin is thrown both into low, rounded folds and high, narrow
folds. Both were seen in sections, but the rounded folds
seemed more common. The epidermis followed these elevations without change in thickness either on the peaks or
at the lower levels. The dermis, on the other hand, showed
differences within the peaks and in the flat areas between as
shown in figure 303 for the lateral pelvic apterium.
Epidermis.—At 1 day of age the epidermis is structurally
like that shown in figure 296 for the postauricular apterium;
the stratum gerniinativum is limited to two to three layers of
cells, those adjacent to the corneum, having a clear cytosome
with a nucleus that bulges the cell in the center. A basement
membrane is present.
Dermis.—The dermis at 1 day of age is essentially similar
to that shown for the postauricular apterium at the same age
(fig. 296) except for details.
A word of reiteration at this point may save some confusion in respect to the boundary of stratum superficiale and
stratum profundum. In figure 296, the separation was made
so as to include all the subepidermal capillaries in the superficial layer and to include everything below that in the deep
layer. This seemed logical in the labeling of figure 296, but in
the pectoral apterium at 1 day of age, the first reaction, perhaps, is to place all of the denser connective tissues in the
superficial layer and all of the more loose connective tissues
in the deep layer because the dermis is divided about equally
by these two densities of connective tissue. However, dense
and loose connective tissue layers are highly variable, and if
one were to base terminology on this, it would be practically
impossible to establish any kind of meaningful subdivision of
the dermis from one region to another. But if one uses the
lower limit of the subepithelial capillaries as the boundary
between superficial and deep layers, the error in locating this
boundary will be less.
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When the latter criterion is applied to the dermis of the
pectoral apterium at 1 day of age, it will be noted that the
capillaries occupy the upper third to half of the denser connective tissue layer and the remainder of this band of connective tissue belongs to the deep layer of the dermis. The
capillaries are small at this age and are not especially numerous. Moreover, they tend to be masked by the dense connective tissues above and below them. But the usefulness of subdividing the dermis at the lower edge of the capillary layer is
clearly demonstrated at 150 days of age where the superficial
layer has formed a distinct capillary layer.
Returning now to a point-by-point description of the pectoral apterium of the 1-day-old chicken, it was observed that
the connective tissues surrounding the capillaries of the
superficial layer stained shghtly less intensely than did the
connective tissues of the more closely packed bundles immediately below the capillaries. The connective tissues of both
locations are composed predominantly of collagenic fibers.
The capillaries are small and far apart and at this age have
no greater diameter than a capillary in fat tissue. They are
not surrounded by reticular fibers.
The lower half of the dermis contains dense connective
tissue in the upper part {stratum compadwn) and loose connective tissue below (stratum laxum); the latter supports the
apterial muscles, large and small blood vessels including another horizontal layer of capillaries, and nerves. The individual apterial muscles are joined by elastic tendons. The
position of the muscles and tendons in cross section is variable; sometimes they lie close to the dense connective tissue
layer, and in other locations they lie adjacent to the elastic
lamina. If large nerves or blood vessels are present, they pass
superficial to the apterial muscles. When the dermis extends
into a pointed fold of skin, the smooth muscle layer does not
follow into this protrusion. Therefore, in answer to one question asked on page 498, the apterial muscles at this age show
wide variability in position but do remain within certain
limits in the deep dermis and do not move into elevated folds
of the skin.
The elastic lamina is a moderately uniform thin layer that
marks the lower limit of the dermis, and a question asked
earher can be answered at this time: There is no continuity
between the elastic fibers of the lamina and those of the tendons joining the apterial muscles. The term '^musculoelastic layer'' is appropriate as a general descriptive name.
The elastic fibers are not limited to tendons alone, but continue on into the muscle and entwine around the ends of the
spindle-shaped smooth muscle cells, exactly as in a similar
type of junction illustrated for the feather muscle (fig. 232,
p. 359). The apterial muscles do not insert into the elastic
lamina, as Moser (1906) suggested (see quotation on page
492).
Surrounding each cell of the apterial muscles are many
reticular fibers, which make even small bundles of these muscles stand out conspicuously. No reticular fibers are present
in any other part of the dermis.
Suhcutis,—The subcutis is thicker than the dermis. An
extensive coagulum masked the fibers after most staining
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preparations, but after Gridley's reticular stain, loose supporting tissue was stained black in contrast to a gray coagulum. Some of these fibers are broad, others delicate. Within
the thickness of the section they curl slightly but are not
grouped in bundles. No branching was observed. Their characteristics are such that one would not hesitate to call them
reticular fibers, yet it is puzzling to have loose connective
tissues of the subcutis belong to this category. Morphologically, the fibers are identical with the loose connective tissues
of the post auricular apterium at this age. Also, in both locations the supporting tissues of the subcutis at 150 days of age
are not reticular. The tentative conclusion is presented that
probably this is a technique artifact, and thus in the subcutis
of the pectoral apterium these black-stained fibers are
collagenic.
Pectoral apterium at 150 days of age
Conformation of surface.—At 150 days of age the surface
has been thrown into many tall, narrow folds. The low,
rounded ones common at 1 day of age are found less frequently.
Epidermis,—The corneum is thicker than the germinative
layer, and it is no longer possible to count the number of
layers of flattened, dead cells, but they are of the order of 10
to 15. The nuclei of the germinative layer, including the
basal cells, are compressed more than they were at 1 day of
age, and they are somewhat more pachychromatic. The
width of these cells in transverse section is much less than at
1 day of age with the result that the nuclei are closer together. The uppermost, flattened cells of the germinativum
show the empty appearance described for sections from other
regions of the skin. When these are studied in oblique sections, it can be seen that the cytoplasm is packed with small
vacuoles of uniform size. The granularity observed in cross
sections is probably due in part to the refractile interfaces of
these vacuoles pressed together. The basement membrane is
the same as before, except that it is more irregular.
Dermis.—Dense, homogeneous bundles of connective tissue fill the entire thickness of the dermis. Most of the bundles
course parallel to the surface, but they are in alternating
longitudinal and transverse layers, traversed by scattered,
perpendicular bundles (fig. 302). When cut longitudinally,
the bundles are seen to be long and slightly undulating,
whereas in cross section they appear as a group of refractile
dots closely packed together. We sought to illustrate an area
where the fiber bundles remained within the plane of section,
but among them some tipped upward or downward to different levels.
In the superficial layer, the capillaries that at 1 day of age
were small and somewhat scattered are at this time robust
and organized into a dense network lying in one plane. Several thin layers of collagenic fibers lie between the capillaries
and the epidermis. Below the capillaries are many robust collagenic fibers running in two directions as already described.
The capillaries themselves run parallel to the surface in the
flat areas of the skin. Within the elevations of the skin the
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superficial layer of the dermis forms the core and supports a
double row of capillaries. Where the protrusion is narrow, the
two layers of capillaries may be close to each other, but
where broad, the capillaries may be coiled and tending to
form a small ball of vessels. Where a capillary is hemisected,
clearly shown elongated nuclei are arranged transversely.
These are nuclei of spaced smooth muscles encircling the
capillaries. Large ieptochromatic endothelial nuclei are present. The capillary wall as seen in cross section has considerable thickness, much more than that of a flattened endothelial cell. Reticular fibers surround the capillaries. These are
relatively few but probably proportional in number to the
smooth muscle fibers that are present.
It is necessary at this point to digress a moment and discuss
the general subject of a definition for a capillary.
Recent textbooks of mammahan histology (Ham and Leeson, 1961; Copenhaver, 1964; Creep, 1966; Bloom and Fawcett, 1968) as well as research contributions on the ultrastructure of capillaries (Bennett et al, 1959; Farquhar, 1961;
Fawcett, 1963; and Luft, 1965) defined a capillary as a tube
of endothehal cells, having about the diameter of a red blood
cell. The tube w^as surrounded irregularly by pericytes and
their entwined processes. A basement membrane supported
endothehal cells and pericytes. Capillaries with wide channels, called sinusoids, are found in certain organs—liver,
spleen, carotid glands, and such endocrine glands as adrenal
cortex, anterior pituitary, and thyroid. The endothelium of
sinusoids reáts directly upon the plasma membranes of the
parenchyma cells or on intercellular fluid spaces while ^^true"
capillaries are supported by adventitial tissue.
To our knowledge, electron microscopic studies have not
included the red face skin of chickens. In the superficial
dermis of such areas is a mass of closely packed capillaries of
large diameter (fig. 298). When the section cuts a vessel
tangentially, circumferentially oriented smooth muscle may
be visible. Such vessels, in the ht er ature based on mammals,
are designated as arterioles. Arterioles lead to capillaries,
but in the red skin of chickens the superficial epidermis contains no ^'true^' capillaries; the muscle-bearing arterioles are
the terminal vessels. For want of a better name, we have
named these large terminal vessels -^sinus capillaries.'^
A review of capillary contractihty and function may be
pertinent to the problem of terminology. Contractihty of
capillaries has been known for a long time, and the subject
has been extensively reviewed by Vimtrup (1923), Bensley
and Vimtrup (1928), Krogh (1929), Krogh and Vimtrup
(1932), and Chambers and Zweifach (1944). Endothelial cells
alone are capable of contraction, and branching pericj^tes
(Rouget cells) or pericapillary muscles may either assist in
this or independently cohapse the endothelium. Krogh's summary (1929: 90) stated:
Like the walls of the smallest arteries and veins, the capillary
wall consists of two distinct elements—the endothelial tube and the
outside muscular coat. The important difference between capillaries
and larger vessels lies in the arrangement of the muscles, which in
the arteries and veins form a more or less continuous laj^er, greatly
increasing the thickness of the wall and offering a considerable

resistance against the exchange of substances between the blood
and the surrounding lymph spaces or tissue cells, while in the
capillaries the muscular coat is arranged more or less in the form of
a wide-meshed network, leaving the larger part of the endothelial

surface uncovered and adapted for the passage of substances with a
minimum of resistance.
Ham and Leeson (1961: 527) and Copenhaver (1964: 252)
summarized some of the studies made by Zweifach (1937,
1939). They suggested that within a capihary bed there may
be both "more direct" and ''more indirect'Vroutes of blood
flow. The more direct routes act as capillary shunts. Ham
and Leeson (1961: 529) noted: *'Arteriovenous anastomoses
are very different structures from A-V bridges, and to avoid
confusion the latter are now commonly termed 'preferred
channels.' " Chambers and Zweifach (1944) used the term
"central channels." The capiharies of preferred channels
generally have scattered muscle cells surrounding them,
whereas the capillaries of the more indirect routes are without muscles. Perhaps the most important point for our problem at hand is the fact that some structures can function as
capillaries and yet bear muscles. In 1937, Zweifach adhered
to the definition that true capillaries are without smooth
muscles. Chambers and Zweifach (1940: 258) stated: "The
arteriole ends in the anterio-venular capillary which maintains a deficient muscularity throughout until it merges into
a venule."
Zweifach (1934) observed that muscles were absent from
around the capillaries of a frog. Stimulation of Rouget cells
with a microneedle brought about rounding of the cell and
withdrawing of processes but no contraction of the capillary.
Direct stimulation of endothehal cells, however, produced
contraction, and the author concluded that the function of
the Eouget cell was support. Sandison (1932), in his study
of capillaries in the transparent chamber of a rabbit's ear,
observed contraction of vessels only where muscle cells were
present and none where only Rouget cells were present.
Observations and conclusions made by Rogers (1932) on the
small vessels in rabbit mesentery were similar; electrical
stimulation failed to produce contraction of capillaries but
did do so if muscle cells were present. Bensley and Vimtrup
(1928) observed contractions where Rouget cells were present
and spindle-shaped muscle cells were absent.; Chambers and
Zweifach (1944) observed the narrowing of nonmuscular
capillaries when these reverted from a hyperemic to an ischémie state; the constriction of capillaries can be produced also
by the swelhng of endothelial nuclei and the bulging of endothehal cells into the lumen.
Chambers and Zweifach (1944) further amplified their
concept by describing a central or thoroughfare channel joining a metarteriole (a vessel beyond the arteriole) to the venule. This channel possesses muscles at the metarteriole end
but not at the venule end. Smaller vessels branch off the
central channel and may have a precapillary sphincter at
their point of origin. These capillaries loop out through the
tissues and rejoin the central channel but have no sphincters
or muscles in their walls. Some capillaries may branch directly
from an arteriole, and some may enter directly into the
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venule. It would appear from their account that some kinds
of precapillaries may have some muscle fibers around them.
In a later paper, Chambers and Zweifach (1947) described
the capillary as composed of three layers: (1) an endothelium^
(2) a noncellular endocapillary lining, and (3) a pericapillary
sheath (p. 439) "... with characteristics common to the
surrounding connective tissue matrix." This sheath is composed of argentophilic fibrils over the outer surface of the
capillaries and thus would correspond to the argentophllic
fibers we have shown in figure 301 around the sinus capillaries. No mention was made of pericapillary muscles. A
classification of capillary types based on electron microscopic
structure has been constructed by Bennett et al. (1959). They
referred to three layers: (1) endothelium with inner and outer
cell membranes, (2) basement membrane, and (3) pericapillary cellular investment. Again, muscle cells were not included as part of a capillary.
Although we believe "capillary" is probably an acceptable
term for those terminal muscular channels found in the superficial dermis of the avian skin, we still have some doubts in
this matter. It is clear from the morphological studies of
Chambers and Zweifach (1944) that it has been difíicult to
clearly distinguish a capillary from a noncapillary on morphological grounds. One turns, therefore, to the physiological
concept presented by Knisely (1940), which can be summarized by stating that if a vessel functions like a capillary,
it is a capillary. A similar idea was expressed by Bennett
et al. (1959: 381) when Bennett stated: "In this paper we
apply the word, ^capillary' to any small blood vessel, including sinusoids, that serves for the major part of the exchange
of materials and substances between parenchymal cells and
blood plasma."
The tremendous number of closely packed sinus capillaries
in the red skin of the chicken's face, undoubtedly serve a
function besides "the exchange of materials and substances."
This function is probably heat stabilization. Such a function
would undoubtedly require a different capillary structure
than would be needed for gas and substance exchanges. To
effect heat loss, vessels with a slow blood flow controlled by
muscles and a large total cross section of blood flow area
would be part of a required mechanism.
Practically all previous studies have been made on frogs
and mammals. Pertinent data on the capillary problem
might be added to our stockpile if histologists and physiologists could utilize avian material. The extreme thinness
of the skin might prove advantageous for in vivo studies on
capillary contractions.
The prominent development of the capillaries near the
surface of the skin and especially in the protruding folds
raises a question of function. Anyone who has looked closely
at the skin of a fowl has seen the wrinkled skin, especially m
featherless areas. Probably most observers have assumed that
the wrinkles allowed movements and stretching of the skin,
which they do, but there may be another function. Apteria
are covered by feathers, and heat emitted from the skin
surface is retained to some degree by the overlying feathers.
When the feathers are raised, exposing the apteria, heat can
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be dissipated from the surface, and the wrinkles packed with
large capillaries become equivalent to the heat-dissipating
fins of an air-cooled engine.
The collagenic tissues of the stratum profundum are
arranged in dense bundles that cross at right angles, resembling very closely the dense connective tissues of the postauricular apterium at 150 days, shown in figure 298. In the
pectoral apterium, however, the dense connective tissue
bundles continue to the surface of the underlying skeletal
muscles without the interruption of a layer of loose tissues
characteristic of the subcutis. The lower part of the dermis
contains a horizontal layer of apterial muscles and their
elastic tendons. The muscular layer ranges from 9.1 to 34.7M
in thickness and averages 16.8M. The elastic lamina is represented by a thin line, approximately 1M thick. Some fibers
that make up this layer are close together, others far apart.
They lie on the upper surface of a thick bundle of collagenic
tissue. The thickness of the elastic lamina and collagenic
fiber bundle ranges from 7.6 to 21.7M and averages 12.7M.
Superficial to this is another collagenic fiber bundle lying
between the apterial muscles and the elastic lamina. This
type of association between elastic and collagenic fibers is
duplicated in the lateral pelvic apterium (fig. 303) and may
be extreme as in the earlobe (fig. 347, p. 564).
Below the elastic lamina and its associated collagenic
bundle are several strands of dense connective tissue that
form the deep fascia. These strands are closely applied to the
surface of the pectoral muscle.
Subcutis.—The subcutis, usually characterized by strands
of areolar tissue, is absent in our sections, which we took
between the sternal and pectoral tracts. Had the samples
been taken in the region of the thoracic inlet, it is very
probable that a subcutis would have been present.
Lateral pelvic apterium at 150 days of age
The lateral pelvic apterium is similar histologically to the
pectoral apterium just described. As may be inferred from
examining this area, in figures 257, page 425; 265, page 438;
and 268, many apterial muscles bridge the space between
the pelvic and femoral tracts. A longitudinal section of the
apterium will cut across many of those muscles. The appearance of this apterium at 1 day of age will not be described because the differences from the pectoral apterium
are minor.
Conformation of surface.—In surface view as well as in sections the dermis of the skin is thrown into narrow folds, one
of w^hich is shown in figure 303.
Epidermis.—In some sections, the germinative layer may
be as thin as that of a day-old chicken and consist of broad,
flattened basal cells and of intermediate cells spaced far apart.
In other sections, however, the germinative layer as well as
the corneous layer have the thickness shown in figure 303,
with all layers well represented. The transitional ceUs may be
arranged in columns. A distinct, uniformly thin basement
membrane is present. This is supported from below by a
closely placed layer of dense connective tissue that, follow-
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303.—Longitudinal section of the lateral pelvic apterium from a male 150-day-old Single Comb White Leghorn
Chicken. Drawn from a section stained in hematoxylin and eosin with the following tissue details added: (1) elastic and
collagenic tissues (Margolena and Dolnick, 1951) and (2) basement membrane (Margolis and Pickett, 1956).

FIGURE
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ing PAS, is similar in color to the basement membrane but
somewhat less intense.
Dermis.—The loose connective tissue constituting the
superficial layer is relatively narrow between folds of skin.
It forms the entire supporting tissue of the folds and bears
the vessels of the superior capillary layer. In the flat areas
between folds, the capillaries appear usually as a single layer
parallel to the surface and are carried up into folds as a
double layer (fig. 303). The capillaries are moderately
narrow and are encircled by smooth muscles. Large sinus
capillaries have not been observed. The small vessels that are
present lie at all levels of the loose connective tissues of the
superficial layer with the result that the boundary between
the superficial and the deep layers is, in this case, considered
to be the transition from loose to dense connective tissue.
The dense connective tissue of the deep layer may be contracted and thrown into waves, yet it maintains the pattern
of alternating bundles running at right angles within a horizontal plane; these are shown and labeled in figure 303. It is
assumed that when the skin is stretched, these waves flatten
and probably the tall folds are lowered or form low folds or
may disappear altogether. The loose and the dense tissues
probably slide over each other, and therefore no cleft can be
found in the superficial layer along which the core of the fold
separates, half going in one direction and half in the other.
We searched among the dense connective tissues for
arteries, veins, and capillaries; all of these were scarce, but in
some of the sections a capillary was found. Evidently this
dense collagenic tissue is largely avascular, but below this in
the loose connective tissues of the deep dermis are many
vessels of various diameters. The larger vessels shown in
figure 303 are veins, and the smaller vessel with a muscular
wall is an artery. To the left of the artery are two plurivacuolar fat cells. A layer of capillaries is present at the
junction between the dense and the loose connective tissues
of the deep dermis. These vessels are numerous enough to be
identified as an inferior capillary layer, those in the upper
dermis forming the superior capillary layer. This same arrangement will be described in the lateral cervical apterium
(p. 505). Measurements were made between the capillary
layers to determine the maximum difl'usion distance for blood
nutrients and gases; in the particular area shown in figure
303, the distances vary from 212/i to 238AI and diffusion from
each capillary layer would be half of this or 106/i to 119íí. This
agrees with the average of this avascular distance in the
lateral cervical apterium.
Apterial muscles and tendons lie in the stratum laxum of
the dermis and generally adjacent to the elastic lamina. If
both large vessels and apterial muscles are present, the
apterial muscles will be found below the vessels. In manj'
places the continuity of the muscle layer is interrupted by
large vessels, and in some instances the apterial muscle
passes over the vessels. The lateral pelvic apterium is an area
of numerous muscles, and sometimes there will be one muscle
above another. Where the apterial tendons are transected, the
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304.—Transverse section of an elastic tendon between
apterial muscles showing elastic fibers and elastocytes.
From a section of the lateral pelvic apterium of a male
150-day-old Single Comb White Leghorn Chicken. Bouin
fixation. Margolis and Pickett's (1956) technique for
periodic acid Schiff reaction and Luxol fast blue.

FIGURE

nuclei of the elastocytes are seen to be rather widely spaced
with the greatest concentration at the periphery (fig. 304).
Fat cells may occur in the loose layer of the deep dermis
but usually are not abundant. In the same sections may be
found adipose cells in the subcutis; these may be univacuolar
or plurivacuolar types (for definitions of these terms and
discussion of literature, see p. 505).
At the inferior limit of the dermis is the lamina elástica
(fig. 303). In many locations, and especially in young chickens, this layer is composed of only elastic fibers, but in the
lateral pelvic apterium these fibers are embedded in collagenic tissue. The collagenic layer of fiber bundles may be
relatively broad in some places and the elastic fibers few and
far apart; nevertheless, this is a definite layer. When the
lamina elástica is followed in a section, there will be found
other places where this band is composed almost entirely of
elastic fibers.
Subcutis.—The subcutis or superficial fascia is variable in
width. It is a loose connective tissue with widely spaced, small
collagenic fiber bundles that support large vessels and veins.
Below the subcutis is the m. iliotibialis; on the surface of the
muscle is a dense layer of compact bundles of collagenic
fibers constituting the deep fascia.
Lateral cervical apterium at 1 day of age
Of the apteria that have been described, the first, the
postauricular, was without apterial muscles, and the second
and third, the pectoral and the lateral pelvic, had these
muscles. The lateral cervical apterium is intermediate, having
a few scattered apterial muscles. The skin of the neck, in
general, and the lateral cervical apteiia, in particular, have a
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loose attachment to the underlying skeletal muscles and
bones, which permits great freedom of movement of the skin
and the loosely supported organs such as the esophagus,
trachea, vagus, nerves, jugular veins, and thymus glands. It
is apparent, therefore, that much of the subcutis is an areolar
connective tissue. The only way in which the skin of the neck
could be held securely so that sections would show the proper
relationships of the various tissues to each other was by
placing the entire bird in the fixative, usually Bouin's. Penetration was adequate for fixation of the skin but not for more
deeply placed organs. Where layers of the skin are similar to
those already illustrated and described, mention of them will
be brief; emphasis will be given to those features that are new
and different.
Conformation of surface.—At 1 day of age the elevations of
the skin are small as seen in sections—some pointed, others
rounded, but in viewing the surface of a recently killed young
chicken, all elevations appear to be tall, narrow folds.
Epidermis.—The general appearance and the details of the
epidermis of the lateral cervical apterium appear to be the
same as those of the epidermis described for the postauricular
apterium. This similarity includes the abnormality of colorless spheres pushing into the side of the basal cell nuclei and
deforming them to half spheres or crescents as indicated by
the asterisk in figure 299.
Dermis.—The dermis is a narrow layer of collagen i c connective tissue arranged in two or three layers according to its
density. A narrow, superficial layer of loose connective tissue
provides support for the row of superior capillaries ; these are
without muscular elements around them. They lie in a plane
parallel to the epithelial surface. Below the capillary layer,
the connective tissue fibers are more compact and may extend
to the elastic lamina, or there may be another layer of loose
connective tissue, the stratum laxum, intervening. It is this
latter layer that carries larger vessels—arteries and veins.
Vessels supplying the superficial layer of capillaries may pass
through the compact layer, but no capillaries appear to be
given off to these denser connective tissues.
The elastic lamina is thin at this age as it is in the skin of
the postauricular apterium. As part of the lamina, there are
many elastocytes—long, tapering cells with nuclei greatly
flattened in cross section. This was favorable material for a
comparative study of the cells producing collagenic and
elastic fibers. They were observed in both cross and tangential
sections, but with our techniques, no differences were found.
In cross section the flattened nuclei stained darkly without a
distinguishable pattern of basichromatin. Such nuclei viewed
on their surface were large, round, and with a highly stained
fine basichromatin. In this view they had the appearance of a
fibroblast nucleus, and in transverse section at right angles to
this, they showed the typical fibrocyte nucleus. We hope that
elastocytes, like collagenic fibrocytes, will be examined someday in ultrathin sections under the electron microscope;
perhaps among the finer details, differences between these
cells will be revealed associated with their production of two
kinds of fibers in the same way Gieseking (1963) differentiated
histiocytes and fibroblasts. Extensive studies have been made

toward characterizing the two types of fibers but not the two
types of cells. Details of elastic fiber morphology and chemical
characteristics were presented by Lansing et al. (1952) and
Lansing (1952). It was noted that in both respects there could
be considerable variability, such as variation in diameter of
the unit fibril of 0.025 ß to aggregates of 4.5 to 5 M; that there
were differences in intensity of staining; and that there were
variations in affinity for calcium salts and in amino acid
composition.
Much of the earlier work on collagen fiber structure and
chemistry was reviewed by Wassermann (1954 and 1956) and
a few years earlier by Porter (1952) particularly in respect to
its ultrastructure. Porter, like Wassermann, was concerned
with the place of origin of the collagenic fibers, whether within
the cell, on the cell surface, or in the fluid around the cell.
Further contribution to this problem was made in 1959 by
Porter and Pappas, who showed that fibrils would evolve
from the stretched and wrinkled surface of the cell. Wyckoff
(1952) used material from various sources, including the
chicken. The spacing of banding at 650 A in the tendon of the
chicken^s wing is the same as that from the tail of the rat.
Professor Herbert Breit Schneider of the Essen Clinic of the
University of Münster, Essen, Germany, kindly discussed
this problem in a personal communication received in 1966.
Rat material was used for his series of electron micrographs.
It was his interpretation that elastic fibers had an intracellular origin within the processes of elastoblasts and that
they arose from the normal constituents of the cells. During
the generative stages, spaces developed between the fiber and
the adjacent cytoplasm. Projecting into this from the fiber
border were many dehcate fibrils. Eventually the elastoblast
cytoplasm dropped away from the fiber and disappeared.
Some of the problems of defining and identifying reticular
fibers are readily apparent in the paper by Robb-Smith
(1952); similarities and differences have been reviewed as
well as the relationship to the basement membrane. RobbSmith suggested a continuity of reticular and collagenic fiber,
and he and Wassermann (1956) suggested that the unit
fibrils of the three types of connective tissue may be similar
especially those producing elastic and collagenic fibrils.
Dettmer (1952) used connective tissues of the pigeon for a
comparative study of collagenic, reticular, and elastic tissues
and found, as did others, that the banding periodicity was
similar for all three; the differences appeared to be in the
amount and kind of amorphous matrix surrounding the
fibrils. A small quantity surrounds collagenic fibrils, whereas
the elastic fibril is masked by it. Osmic acid stained the
matrix and probably orcein stained the matrix rather than
the fibrils, Trypsin digested elastin but not collagen, and
pectinase dissolved the elastic matrix. The author concluded
that three types of fibrils were present and that elastic and
reticular fibers resembled each other more than collagenic
fibers. Greenlee et al. (1966) found differences in the affinity
of collagenic and elastic fibers for certain metal stains used in
electron microscopy. Collagen fibers failed to stain with lead,
whereas reticular fibers took the stain. These authors obtained crossbanding in collagenic fibers but none in reticular
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fibers. The point is made here that the avian skin^ particularly
the elastic lamina, the tendons and bodies of apterial muscles,
studied at young ages might be particularly favorable material in which to determine if cytological differences exist
among these three types of fibers and especially between the
cells that produce them.
Subcutis,—Immediately below the elastic lamina is a thin
layer of connective tissue—the subcutis ; in its narrower parts
the fibers are close together, and in areas where the layer is
wider the fibers are farther apart. The average thickness of
this layer is about the same as the dermis, and below this
for at least a millimeter it forms the panniculus adiposus. In
this layer of subcutaneous fat are larger vessels and nerves.
Most of the fat cells are the univacuolar type and some,
especially in areas where there is an abundance of nutrient
vessels, are plurivacuolar.
Plurivacuolar cells as described by Wodzicki (1927), Clara
(1929), Eastlick and Wortham (1947), and Miller and
Eastlick (1952) are cells in which fatty substance is accumulated in many small discrete globules within these cells;
the nucleus remains in the center or near the center, but due
to the pressures of the fat spheres, the margin of the nucleus
may be scalloped, as shown both by Clara and by Eastlick
and Wortham. A univacuolar cell is one in which a single
large fat sphere fills the cytoplasm of the cells and pushes the
nucleus to the margin. It is often called a signet cell, and the
fat sphere may enlarge the cell many times its original size.
We are not concerned here with the development of these two
types of fat cells, but Clara (1929) has given an extensive
review of the subject as well as studies of his own, and more
recent literature has been mentioned in the review by Miller
and Eastlick (1952). Wodzicki (1927: 671) suggested that
the univacuolar type is more economical for storing up fat,
and the plurivacuolar is apparently better designed for the
task of pressure elasticity.
Circular and longitudinal striated muscles are closely
adherent to the inner surface of the skin throughout much of
the neck. Striated muscles lie between the elastic lamina and
the fat layer of the subcutis. These muscles have developed
mthin the subcutis rather than remaining below it, which is
common for most skeletal muscle and thus they belong to the
group called dermal muscles, although they do not actually
penetrate the dermis layer of the skin. They lie immediately
underneath the dermis; in a dissection viewed with the
unaided eye, they would appear to be part of the dermis, and
certainly the well established term ^'dermal muscles^^ should
be retained.

Lateral cervical apterium at 150 days of age
Conformation of surface.—Most of the wrinkles on the
lateral cervical apterium are thin, sharply rounded elevations
that readily disappear when the skin is stretched and quickly
reform when the skin is released. Pulling the skin in one
direction eliminates established wrinkles and produces new
ones.
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Epidermis.—The stratum corneum at this age is thicker
than the stratum germinativum. The latter is still one to
three cells thick, except where the clear, vacuolated transitional cells are present. The nuclei of these tend to pile up in a
row perpendicular to the surface; often there is considerable
space between these stacked cells, and here the germinativo
layer in such spaces may be reduced in thickness to a single
cell. The basement membrane appears as a thin line that
follows the contour of the basal epithelial cells and may turn
upward between cells if the spaces are large enough.
Dermis.—Immediately below the epidermis is a thin layer
of dense connective tissue of uniform thickness—the superficial layer of the dermis. It has about the same thickness as
the stratum germinativum or slightly more. It is so compact
that the direction of the fibers cannot be determined in the
average light microscope preparation. Below this layer are
well-developed bundles of collagenic tissues, coursing in
various directions, the compact layer of the deep dermis.
Throughout this layer the bundles alternate at right angles
within a horizontal plane. The capillaries that mark the
boundary between superficial and deep layers are composed
of scattered thin-walled vessels without evidence of pericapillary muscular elements.
The wrinkles project upward from the surface of the skin
and carry a core of connective tissue belonging to the superficial dermis. An effort was made to locate a longitudinal split
through the core that would represent the line of separation
when the wrinkle is pulled down to the level of the surrounding skin. No such cleft could be located, or at least it could
not be distinguished from shrinkage spaces.
Most of the deep dermis remains below the wrinkles and,
as already mentioned, is composed largely of crisscrossing
collagenic bundles. Near the lower margin of the deep dermis
is another capillary layer separated about 220 M from the
upper capillary layer; it is assumed, therefore, that the
nutritional needs of the fibrocytes can be supplied by
diffusion across a space of 110 fx. From the upper capillary
layer to the top of the germinativum is about 34 ¡JL. Dependence must be made upon the physiologist to give us an
answer as to why the nutritional source for epithelium must
be this much closer, but an indication of high metabolic
activity by epithelium, in this case on the comb, has come
from autoradiographic studies by Balazs et al. (1959). Their
study has been reviewed on page 543).
There are scattered apterial muscles. Below these are
several parallel layers of the elastic lamina. The uppermost is
the densest, and the others are separated by collagenic tissue
and contain scattered elastic fibers.
Subcutis.—The sections studied did not show the entire
thickness of the subcutis, which would have included not only
the dermal muscles of the neck but also all of the adipose and
loose connective tissues down to the deep fascia covering the
cervical musculature. The subcutis in the neck region differs
from that found in most other parts of the body because two
to three layers of dermal muscles are present. These are
separated from the dermis by the several layers of the elastic
lamina, which alternate with loose collagenic tissues. Below
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the dermal muscles are loose connective tissue and fat typical
of the subcutis.
Lateral body apterium at 1 day of age
Because the domestic chicken seldom flies, the lateral body
apterium is almost continuously covered and protected by
the folded wing. Even in birds that do fly, the lateral body
region would not be subject readily to trauma when the body
is airborne.
Conformation of surface,—The skin surface is elevated into
low, broad, rounded folds.
Epidermis.—The general structure of the epidermis is the
same as already described in the other apteria for a bird of
this age. In the basal layer of cells there were many nuclei
indented by clear vacuoles similar to those observed in the
epidermis of the growing comb. Margolis and Pickett's (1956)
Luxol fast blue and PAS revealed a uniformly thin basement
membrane. The dermal fibers of the loose connective tissue
immediately below the basement membrane were not stained
by PAS. Fibroblasts were closely applied to the undersurface
of the epidermis and appeared to push into spaces betw^een
the basal cells.
Dermis.—^At 1 day of age it is not possible to subdivide the
dermis into a stratum superficiale and a stratum profundum^
because the capillaries are randomly distributed throughout
the entire thickness of the dermis. All of the dermis is a loose
connective tissue, but the fibers of the upper two-thirds are
somewhat more densely packed. The elastic lamina, as was
noted in the lateral cervical tract, shows very few fibers, but
the spindle-shaped elastoblasts form a distinct double layer
of cells.
Subcutis.—As found in other regions, the subcutis varies in
thickness and in types of tissue present ; it may be narrow^ as
shown in figure 298, page 495, for the postauricular apterium,
or it may be broad with underlying fat tissue or a thick layer
of loose connective tissue, depending where the section is
taken.
Lateral body apterium at 150 days of age
Conformation of surface.—Numerous tall, thin wrinkles are
present as well as scattered low, rounded elevations.
Epidermis.—The epidermis is similar to that described for
other apteria of chickens at this age. The basement membrane appears as a single, thin, stain able line.
Dermis.—The dermis is composed of a superficial layer,
averaging about 40 ß in thickness (measured in the flat areas
of skin between the wrinkles), and a much broader, deep
layer, about 250 ¡JL thick. The capillaries in the superficial
layer lie at different levels, some almost against the epithehum, others adjacent to the dense connective tissues of
the deep layer. These capillaries are narrow and are not more
abundant in the elevations than in the flattened spaces
between them.
The deep layer is largely dense collagenic connective tissue
arranged in strong alternating bundles placed at right angles,

but the band does not extend all of the way to the elastic
lamina. Below the layer of dense tissue is a layer of loose
connective tissue of variable thickness containing apterial
muscles, elastic tendons, large blood vessels, and a second or
inferior capillary layer. Small islands of fat cells are present.
Adipose tissue in the dermis is not common, and the limitations of space prevent it from being extensive; it is more
abundant in feathered areas. The cells in this instance are of
the univacuolar type and do not have an extensive capillary
network around them. The elastic lamina sometimes is
conspicuous but in other areas is hardly distinguishable. In
the latter situation the elastic and the collagenic fibers are
mixed.
Subcutis,—The subcutis may be a narrow band of loose
collagenic connective tissue showing varying degrees of
density where skeletal muscles are close to the skin; where
the muscles are deeply placed, the superficial fascia may be
a wide layer of loose connective tissues and fat.
Lateral caudal apterium at 1 day of age
The lateral caudal apterium is a small area of thin, bare
skin on the side of the tail betw^een the last rectrix and the
caudal indentation. It is relatively smooth and the histology
is uncomplicated at this age, but at older ages the superior
capillary bed becomes extensively developed far beyond the
needs of nutrients to the dermal and the epidermal tissues.
The external tail is short at 1 day of age.
Conformation of surface.—The skin is extensively wrinkled,
but only the larger folds are visible to the unaided eye. The
spaces between the folds show a net of low ridges and, of
course, all folds disappear when the skin is pulled.
Epidermis,—At 1 day of age the epidermis is similar to that
described in other apteria of the chicken, namely a germinative layer two to three cells in thickness and above this a
corneum thinner than the germinativum. The nuclei of the
transitional cells are not arranged definitely in perpendicular
rows, although two may be seen, one below the other. The
more striking development of this arrangement comes at an
older age. A clearly defined basement membrane is present,
appearing as a thin line.
Dermis.—The dermis is divided into three layers of about
equal thickness—a loose upper layer, a middle dense layer,
and a loose under layer. The first layer mentioned is the
stratum superficiale; the middle and under layers constitute
the stratum profundum. The stratum laxum, the low^er layer of
the stratum profundum, contains arteries and veins of medium
and small diameters, nerves, apterial muscles, and elastic
tendons. The capillaries in the superficial layer are small,
widely scattered, and situated at various levels throughout
the loose connective tissue. A few connective tissue fibers
separate the basement membrane of the epidermis from the
uppermost spindle-shaped fibrocytes. Capillaries and smafl
vessels are in general absent from the dense middle layer of
the dermis except for terminal arteries and veins associated
with the upper capillary layer. At the junction of the stratum
compactum and stratmn laxum is another layer of capillaries,
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which are few and far apart and are mingled with the larger
vessels of this region. None of the capillaries at this age show
suggestions of pericapillary muscles. The elastic lamina,
clearly defined and uniformly thick, contains many fibers
and some cells. Structurally, it is similar to the elastic lamina
described and illustrated (figs. 296 to 298) for the postauricular apterium.
Subcutis.—The subcutis is a loose connective tissue, whose
width varies depending upon the conformation of underlying
perpendicular and longitudinal muscles. Along the lateral
margins of the tail, where these tissues were taken, there
seemed to be an absence of subcutaneous fat, although a fat
layer is present nearby in the caudal indentation. The most
significant difference from the histology of the subcutis
described for other apteria is the presence here of a narrow,
dense band of collagenic tissue arranged as a sheet parallel to
the surface and located usually closer to the muscles than to
the elastic lamina. Loose connective tissues are present above
and below the dense sheet. Similar horizontal, dense bands
have been found in nearly all sections through the anterior
part of the sternal apterium. They often contain small
arteries with muscular walls.
Lateral caudal apterium at 150 days of age
Conformation of surface,—Many folds, single and multiple,
are present at 150 days of age. Stretching of the skin will
eliminate them, but when tension is released, they reform.
It would appear from the histology that the tissue was
sufficiently abundant and organized in these folds that after
flattening, new folds would form where the old ones previously existed.
Epidermis.—The germinative layer is low in the epidermis
as in the lateral cervical and lateral body tracts except where
the nuclei of more superficial layers of cells tend to pile up in
perpendicular rows (fig. 305). Because of the wrinkling, the
sections in many places cut the epidermis parallel to the
surface. Repeated efforts were made to see in a tangential
view of transitional cells, the same vacuoles characteristic of
the cells in transverse section, but the vacuoles always
appeared smaller and less distinct than in side view. The
vacuoles were shown clearly in sections cut tangential to the
surface made of the crural tract from a 34-day-old chicken.
They were largest adjacent to the nucleus and smaller toward
the periphery of the cell Often in cross section the nucleus
appeared to be separated from the rest of the cell by a large,
clear space; in surface view of these cells, the nucleus was
surrounded by several sausage-shaped vacuoles placed end to
end. Again, this is a problem for the electron microscopist.
However, the fixation should be such that all types of fat are
retained during processing.
The basement membrane in a few places was a thin line,
but in most areas it was about as broad as a small connective
tissue bundle. The thickness was not uniform, and parts of
it often broke away to dip toward the adjacent connective
tissues. Since the PAS reaction identifies the basement membrane by staining the mucopolysaccharides, and since
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collagenic tissue is strongly PAS positive, we hesitate to conclude that these fibers dipping down into the connective
tissues, such as were found below the basement membrane
of the post auricular apterium (fig. 299) as well as these
observed here in the lateral caudal apterium, are part of the
basement membrane.
Dermis.—The dermis is so variable in structure and thickness that a detailed description of any one part might be confusing if a section were examined from another part ; therefore,
it will be discussed only in general terms. The lateral caudal
apterium was included among the apteria presented here
because it resembled in one important respect the postauricular apterium, namely, an extensive proliferation of
sinus capillaries in the superficial layer of the dermis.
The superficial dermis has a relatively broad band of dense,
collagenic connective tissue between the epidermis and
capillaries. The capillary layer may be one vessel wide or
14 to 15 vessels wide (fig. 305). When many capillaries are
present the layer as a whole may resemble in general the
appearance shown for the sinus capillary layer of figure 298.
The vessels vary considerably in diameter; some are only
large enough to allow the passage of a single blood cell, others
are large enough for several cells and probably could be
designated as sinus capillaries but do not have as great
diameter as the large sinus capillaries of the comb, wattles,
and postauricular apterium. The capillaries are supported by
collagenic fibers rather than reticular fibers. Capillaries cut
tangentially showed oval nuclei encircling the vessels, and
these are assumed to be nuclei of pericapillary muscles.
Swirls of collagenic connective tissue cut through the vascular
area in various directions; in the area from which figure 305
was taken, the collagenic connective tissue fibers crossed the
middle of the vascular layer, but in adjacent sections often
had different locations.

A dense band of collagenic connective tissue lies below the
vascular layer. Its thickness is variable, being greatest
opposite the large rounded folds. The bundles probably
carry fibers in various directions, but this is not clearly shown
in our material. The alternating arrangement of fibers cut
crosswise and longitudinally, as shown in figures 298 and 303,
is not present in the lateral caudal apterium.
The loose connective tissues of the deep dermis support
large, thin-walled vessels that are directed upward, penetrate
the dense middle layer, and join the sinus capillaries of the
superficial layer. In the lower part of this loose connective
tissue are large apterial muscles, some of which appear to be
more massive than those found in other apteria as judged
from their diameter in cross section. This agrees with the
gross study of muscles in the lateral caudal apterium (p. 430
and figs. 260 and 261). The muscles are joined by heavy
elastic tendons. Groups of fat cells may be found at any level
in the stratum laxum; sometimes they have a linear arrangement, or they may fill the space between apterial muscles
and elastic lamina. All of the cells belong to the univacuolar
type, such as shown in figure 309. The elastic lamina is extremely variable morphologically. In some areas it forms a
conspicuous, broad band, strongly stained for elastic tissue.
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305.—Section of the lateral caudal apterium of a male Single Comb White Leghorn Chicken, 150 days of age. Drawn
from a section stained in hematoxylin and eosin with elastic tissue added from a nearby section stained according to Margolena and Dolnick (1951). Bouin fixation. Abbreviation: M., Musculus.

FIGURE
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In other areas only a few scattered elastic fibers are embedded in collagenic bundles and, in a few instances, a
lamina seems to be absent altogether for short distances.
As in other apteria, the lamina always lies beneath the apterial muscles and the elastic tendons.
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Subcutis.—The subcutis in the lateral tail region is especially thin. Usually no more than a few dense bundles of
collagenic connective tissue separate the elastic lamina from
the underlying skeletal muscles. In some cases the elastic
lamina appeared to rest directly on the muscles.

HISTOLOGY OF PTERYLAE
Chicken
Introduction
The histology of apteria must be well understood before an
attempt is made to understand the tissue organization of
pterylae, because the layers are greatly disturbed by the
presence of follicles, feather muscles, and a great abundance
of blood vessels and nerves.
A section taken within a feather tract, but where feather
muscles are absent, shows a simple organization of dense
collagenic fiber bundles filling all of the space between epidermis and elastic lamina. A layer of capillaries marks the
division between superficial and deep dermal strata. The
connective tissue of the deep dermis continues without
change in density to the elastic lamina; the loose connective
tissue with large blood vessels and smooth muscles characteristic of the stratum laxum can be absent in this extreme
situation within a pteryla. Such an organization is even less
complex than that found in the postauricular apterium at 1
day of age. In contrast to this, a complex organization in the
dermis is associated with follicles and feather muscles. One
finds beneath the epithelium a narrow layer of loose connective tissue and below that a dense layer that often is no
wider than that found in areas without follicles, but from here
on toward the elastic lamina where follicles are present,
muscles are surrounded by fat, loose connective tissue,
capillaries and larger vessels, all of which are characteristic
of the stratum laxum of the dermis. Beneath all of these
structures is the thin elastic lamina. The folUcles may bulge
the epidermis upward or the lamina inward; between follicles
where the skin is thin the lamina swings upward. This dipping
up and down makes it difficult to identify the lower limits of
the dermis; an elastic tissue stain helps but in some locations,
such as the dorsal cervical tract, the elastic lamina is incomplete. Where a lamina does exist, it lies as expected
between the sheets of skeletal muscles of the neck and the
smooth muscles of the feathers. The outside of the follicle is
composed of a sheath of dense connective tissue, with many
elastic fibers among the collagenic fiber bundles. The spaces
around the muscles of the folHcles are often filled with fat,
usually of the univacuolar type.
A description of the histology of each tract is probably not
as important for the reader as descriptions and illustrations
with labels of the variations briefly indicated above. Therefore, three degrees of complexity have been selected and
illustrated (figs. 307 to 309), without regard to age or tract.

Simple skin structure in a pteryla
The feather musculature arranged in squares or rectangles
forms the complex network illustrated and described in
chapter 8. These muscles elevate the skin, and this is especially conspicuous in a thin-skinned bird, low in dermal and
subcutaneous fat. The wrinkles characteristic of the apteria
are present in feathered areas, but these are less conspicuous
than in the apteria, not because they are always smaller, but
because they are superimposed on the humps and valleys
produced by muscle ridges and follicles.
If feathers are plucked, the follicles collapse, but if clipped
close to the neck, the calamus remains within the follicle, and
the skin near the neck is elevated. The basal end of the
follicle is pushed slightly down into the subcutis, thus depressing the under surface of the dermis; the folhcle always lies
within the epidermis and dermis and never punctures the
elastic lamina to enter the subcutis. This is contrary to that
described for the pulp end of the mammahan hair.
The feathers are implanted in the skin at an acute angle,
and although the fohicles may be long, they remain within
the thin dermis. At the surface of the skin where the feather
emerges, it is surrounded by the collar of the follicle (fig.
306). The under side of the collar makes an acute angle with
the skin, and the upper surface makes an obtuse angle.
Therefore, a perpendicular section through the skin transects
numerous tissue layers such as those shown in figures 306 and
307. The feather pushing against the surface of the skin
depresses it, and beneath the collar the dermis may be
exceedingly thin if no feather muscles happen to be present
in the area. In figure 307 the total thickness of epidermis and
dermis measured 73 ß of which corneum was 16/¿, germinative
layer, 7/x, and dermis, 50 ju. The corneous layer of both the
outer surface of the collar and upper surface of skin is thicker
than average, probably because the collar and skin pressing
against each other prevent extensive abrasion of the cornified
cells; thus these can accumulate to greater than average
thickness.
The germinative layer is identical with that found in
apteria; the layer pictured in figure 299 will serve as a faithful
representation of the stratum germinativum in a pteryla,
except that we have not noted cytosomal vacuoles in the
basal layer (identified in fig. 299 by the asterisk). We assume
a basement membrane is present, but the PAS technique was
not applied to this material because the slides were made
for another purpose.
The dermis of the skin, 50 ¡JL in thickness, is less than half
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FIGURE

306.—A feather emerging from the skin. The Une A—B indicates the plane of section shown in figure 307, and the
labels given here are the same as shown on the left side of figure 307.

the length of a Paramecium. Injections into this and other
large protozoa require the use of microneedles, so it is probable that hand-held intradermal injections in the skin of the
chicken would be successful rather infrequently, especially
since the outside diameter of a 27-gauge needle is 400 ß.
However, considerable thickness of dermis may exist where
more than one follicle is present. In figure 309, the thickness
is 1,875 M- Obviously, if one wishes to make an intradermal
injection in a chicken, it should be done in a strong tract
where the follicles are large. The injection can be made in the
connective tissue between follicles, but much of this area is
occupied by adipose tissue that very probably would respond
to an injection in the same way as would subcutaneous fat.
Probably the best location for intradermal injection would
be the white earlobe of a bird old enough for this structure to
be well developed.
The thin dermis shown in figure 307 is composed of uniformly dense coUagenic connective tissue. The superior
capillary layer marks the boundary between superficial and
deep dermal layers. There is no difference in density of connective tissue bundles in the two layers of the deep dermis.
The loose connective tissue, characteristic of the stratum
laxum, is absent, but its location can be estimated by the
presence of the inferior layer of capillaries. These capillaries
generally lie at the boundary between dense and loose strata
of the deep dermis. The lower limit of the dermis is marked
by a thin but well-defined elastic lamina.
More complex skin structure in pterylae
Transverse sections of follicles within the skin impress one
with the complexity of tissue arrangement (fig. 308), and at
first glance the organization found in apteria and in pterylae
seems to be entirely different. The follicle shown in figure 308
is somewhat closer to the subcutis than to the epidermis, and
by tracing this follicle serially we determined that this section
was taken near its base end.
The epidermis in such a transverse section fits the descriptions made several times previously. The dermis includes all
of the supporting tissues around the follicle as far as the
elastic membrane. Between the epidermis and follicle is a
thin layer of dense coUagenic connective tissue. The capillary

layer parallel to the epidermis marks the boundary between
superficial and deep layers. Where the dermis is narrowest,
the capillaries are collapsed, but lateral to the follicle, the
capillaries are open. Far laterally, where the skin is thin, the
capillaries are considerably reduced in number.
The connective tissues of the deep dermis are pressed
against the connective tissue sheath of the follicle so that the
two layers appear as one, but a slim thread of feather muscle
pushed part way across between them separates the connective tissues belonging to dermis and follicle (fig. 308). In
this, the basal end of the foUicle, the enveloping connective
tissues form only a thin layer, whereas at the upper end, the
wall is much thicker. Vessels of the inferior capillary layer
are present also, and this again helps to establish the fact
that the feather follicles lie within the stratum laxum.
Lateral to the foUicle, the dermis thickens somewhat; this
is due to widening of the deep layer of the dermis, the superficial layer remaining about the same in width that it was
above the follicle. Far laterally, beyond the level of feather
muscles, the deep dermis again narrows. The superior layer
of capillaries is retained, and capillaries representing the
inferior layer may be widely separated. Therefore, the skin
here is as thin as depicted beneath the collar in figure 307.
In both areas the histology of the skin is similar and atypical
in that both contain very few loose connective tissues; instead, dense coUagenic fibers fill almost all of the space
between epidermis and elastic membrane.
The follicle is so large that the upper surface of the skin is
elevated, and the lower margin protrudes into the subcutis
(fig. 308). At the side of the foUicle is a triangular area of loose
connective tissue, the stratum laxum, that contains and supports blood vessels of various diameters, nerve bundles, and
feather muscles. The feather muscles approach opposite
surfaces of the follicles. Many of our slides show sections of
the elastic tendons joining feather muscles to follicle wall, for
example as in figure 309. Because the muscles join the follicles
from so many different directions, the muscle bundles may be
cut at almost any angle. The loose connective tissues are
especially delicate adjacent to the follicle. A narrow band of
dense coUagenic tissues, the feather sheath, separates the
loose connective tissues from the epidermis of the follicle wall.
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307.—Section of a growing feather, follicle neck, and underlying skin (see fig. 306 for orientation). The feather belongs
to the second generation, stage 3, and was taken from the crural tract of a Single Comb White Leghorn Chicken at 34 days
of age. The subcutis has been omitted. Bouin fixation. Hematoxylin and eosin stain with the elastic lamina added from a
nearby section stained with orcein.
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Often fat cells are found in this loose connective tissue, but in
this section, none were present except two cells at the left
side of the loose connective tissue layer as illustrated in
figure 308. Apparently, therefore, from the relationship of
layers shown in figure 309, the loose connective tissue and all
that is contained in connective tissue represent the loose
part of the deep dermis. Evidently the follicle at this level,
namely near its base, lies entirely within this layer. The
compact part of the dermis passes above it and the elastic
lamina, below it. This raises a question: Can we make a
generalization that the feather follicle lies entirely within the
stratum laxum except briefly where it is emerging from the
skin? We believe this will prove to be true, and we will
attempt to demonstrate this in an additional figure and a
discussion of the histology of other tracts.
Sections of pterylae with several layers of follicles
Often the follicles overlap, the outer end of one lying above
the lower end of another. This was the situation shown in
figure 309 (humeral tract), where a large folHcle with its
filoplume near the surface of the skin lay above the extreme
basal end of a contour feather deep in the dermis.
The surface of the skin is thrown into numerous, small,
rounded, and pointed folds. The epidermis is the same as
described for other sections of skin, the stratum germinativum
is about three layers of cells thick including the transitional

layer. The cells of the latter are not as conspicuous as in some
other parts of the skin, although here and there one can find
several transitional cells with their nuclei alined in a row
perpendicular to the surface.
The connective tissues of the superficial dermis are carried
up into the folds of skin, and sometimes the vessels of the
superior capillary layer follow into the fold also but not
always. The connective tissues of the superficial dermis and
of the compact part of the .deep dermis are about equally
dense. This, combined with the fact that the superior capillaries are somewhat farther apart than usual and may vary
in their position in the dermis, makes it difficult to draw a
sharp boundary between superficial and compact layers.
An inferior capillary layer appears to be present but is mingled with larger vessels.
In the loose connective tissues around the filoplume (fig.
309) are many capillaries and even several small clusters of
plurivacuolar fat cells. As pointed out in Chapter 7 and in
figure 248, page 391, no feather muscles are attached to the
filoplumes. We have been unable to determine if the filoplume and its surrounding loose connective tissues and
capillaries were located entirely within the superficial connective tissue layer or were partly in the compact portion of
the deep layer; in some locations it seemed definitely
located in the compact part of the dermis. In figure 309 part
of the compact layer separated the filoplume from the folHcle
of the contour feather, whereas examination of a section of
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308.—Section through the basal end of a growing feather and adjacent skin showing the relationship of tissue layers
of the dermis to the follicle. The feather belongs to a second generation, stage 3, from the crural tract of a Single Comb White
Leghorn Chicken 34 days of age. Bouin fixation. SUde stained in May-Grünwald-Giemsa stain with fibers of the elastic
lamina added from a nearby section stained with orcein.

FIGURE

513

HISTOLOGY OF PTERYLAE
-Follicle wall of filoplume
Vessels of superior capillary layer.

— Shaft of filoplume

Epidermis
Dermis j

Stratum superficiale

Epidermis j
Stratum compactum
Tendon of feather muscle
(elastic tissue)

follicle wall

Wall of calamus
Space between follicle and feather
Air space
Corneous connection between
feather and follicle

Avian lamellar corpuscle
Nerve
Feather muscles

Adipose tissue
Base of feather follicle:
Follicle wall
Corneous cells of follicle
wall and calamus wall
Basilar layer of epidermis

Stratum
compactum

Feather pulp
Stratum laxum
- Stratum laxum

Lamina elástica

0.3 mm.

Collagenic connective tissue

309.—Section through the skin of the humeral tract showing the relationship of filoplumes and contour feathers to the
tissue layers of the skin. The subcutis is not included. Single Comb White Leghorn Chicken. Bouin fixation. Hematoxylin and
eosin; elastic tissue stain on a nearby section, shown in black.
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a filoplume, which lay close to a contour follicle, revealed
that all of the compact dermis passed above it. The compact
dermis in this case was extremely thin. In other sections the
entire compact dermis lay between filoplume and contour
feather and the filoplume was unquestionably in the superficial layer. The compact dermis does not always pass above
the follicle. In some sections examined, the compact dermis
moved close to the feather muscles and then stopped, none
of it passing above the follicle.
Below the compact dermis is a large follicle in the center of
figure 309. To the left of this follicle are many feather
muscles joined to the follicle sheath by way of elastic tendons,
shown in black. Among these are capillaries and small vessels.
The muscles are separated by strands of connective tissue,
and the larger space between the muscle bundles is filled with
univacuolar and plurivacuolar fat cells. Böhm (1963: 484)
observed that fat cells of the dermis were 39 percent larger in
well-fed chickens than in poorly fed ones. Near the bottom of
the section examined, the basal end of a third follicle was
present. The central, cellular portion is the feather papilla
within a C-shaped, double-walled epithehal structure, the
inner part being the calamus wall and the outer part the

follicle sheath. A short distance below this is the elastic
limiting membrane. Therefore, all the tissues associated with
the follicles of the two contour feathers are part of the loose
layer of the deep dermis, and in the particular area of the
section illustrated this layer is many times thicker than the
compact and superficial dermis combined. The loose character of connective tissues around the follicles was noted by
Wodzicki (1927: 673).
In conclusion, therefore, it appears that much of the filoplume is commonly found in the superficial layer of the
dermis, and most of the contour feather, in the loose layer of
the deep dermis. However, the contour feather is wrapped
securely by a long, sleevelike neck before emerging from the
skin, and this is composed entirely of epidermis and superficial
dermis, a section of which is shown in figure 307.
A comment on the fat cells should be added. In spite of the
fact that Clara (1929) and others stress the distinction between univacuolar and plurivacuolar fat, it seems that in the
dermis these fat tissues represent merely transitional or
developmental stages, the plurivacuolar being the youngest
and the univacuolar the mature cell. Certainly one may
observe all degrees of transition from one to the other in the
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various islands of fat tissue. This was also observed by Clara.
One findsj as did Clara, that if plurivacuolar cells predominate, higher degree of vascularity exists, the blood supply to
the univacuolar cells being much less. The plurivacuolar and
univacuolar fat of birds may be equivalent to the brown and
white fat of mammals. Their morphology is similar, and they
are alike in that brown or plurivacuolar (also called plurilocular and multilocular) fat is more highly Vascularized than
white or univacuolar (unilocular) fat. It is not known to what
extent the several other physical and chemical differences
worked out by Menschik (1953) for the guinea pig can be
applied to avian fat, but they are listed here because they
may serve as guidelines for studies on avian tissues in the
future. His condensed summarisation is as follows (p. 445) :
Histochemical investigations indicate that the brown fat, when
compared with the white, contains: (1) more alpha-amino acid
groups, (2) more mucoproteins, (3) more water-soluble polysaccharides, (4) less neutral fat (5) more phospholipids, (6) more glucolipids, (7) more cholesterol and its esters, (8) more amine oxidase,
(9) more alphanaphthol oxidase, and (10) more cytochrome oxidase.

Bloom and Fawcett (1968) reviewed the morphology and
physiology of white and brown fat in mammals. They did not
regard brown fat as antecedent to white fat, a conclusion
which is suggested by the terminal development of multivacuolar brown fat to a large univacuolar, signet-ring cell that
structurally resembles a fully developed white fat cell.
Selected feather tracts
Dorsal cervical tract.—The feather tracts of the neck differ
from those in some other areas of the body by having several
sheets of dermal skeletal muscles closely applied to the under
surface of the skin. The samples of tissue were taken near the
upper end of the neck. In this region an extensive amount of
adipose tissue filled nearly all of the space between the
feather muscles. Also present were many large blood vessels
'and nerve trunks ensheathed in dense connective tissue. The
elastic lamina is clearly visible in some locations, but in
others the fibers are widely spaced and may be absent.
Usually where skeletal muscle was included in the section, a
narrow or a wide subcutis was present, but in this location
there appears to be none at all, and the skeletal muscles lay
close beneath the elastic lamina. Interior to the dermal
muscles of the neck, however, may be found the loose connective tissues of the subcutis, including adipose tissue.
Narrow horizontal bands of elastic tissue subdivide the fat
into layers. These bands often resemble elastic lamina but
have not been considered to be the same. If the true elastic
lamina is weak or absent and the submuscular elastic layers

are well developed, it might appear as if the dermal muscles
of the neck were located in the dermal layer of the skin. We
do not believe this to be the case. Its true relationship as part
of the subcutis was described under the heading ''Lateral
Cervical Apterium^' (p. 505).
Additional material was prepared of the dorsal cervical
tract to answer another question: What happens to the
calamus of a feather, in this case one of the hackles, when it
is erected? Does the lower end project inward carrying the
lower dermal tissues with it? The answer proved relatively
simple; the end of the calamus does not depress the lower
surface of the dermis any more than do the follicles of the
feathers that are pressed close to the skin surface. Instead,
when the feather is erected, it protrudes upwards like a long,
thin sleeve well above the level of the surrounding skin. The
follicle sheath has in its wall a network of elastic fibers, some
of which cross the tissues of the thin superficial dermis to the
epidermis. The elastic tendons from the feather muscles are
implanted fan-shaped, at right angles into the follicle sheath
of the vertically elevated feather. These tendons show the
morphology of the tendon-sheath junction better than in the
depressed feather.
Postpatagium and remiges,—A section through the postpatagium of the forearm will cut the follicles of the secondaries crosswise when the section is oriented parallel to the
free edge and traverses dorsoventrally. The membrane
between the follicles is thin, and its tissue organization is
simple. Such rotator and retractor muscles as found between
primary remiges (fig. 263, p. 434) are absent. The germinative
layer of the epidermis is reduced to little more than a row of
basal cells with scattered intermediate cells and still more
widely spaced transitional cells. The corneum is thin also.
Small folds of skin may project outward from both the
dorsal and ventral surfaces of the web as well as from the
skin laid upon the remiges. Into these wrinkles extends the
superficial layer of dermis but not the compact layer.
A superior capillary layer is distinct except over the
follicles. The web between follicles is double structure; each
surface, subepidermally having a superficial dermis, a
superior layer of capillaries, and a compact dermis layer.
The two sheets of compact dermis lie close together but may
be separated by blood vessels of moderate size. The layer that
is part of the ventral skin is thicker than that adjacent to the
dorsal skin. Although both contain considerable numbers of
elastic fibers, a concentration sufficient to form small dense
bundles occurs only in the ventral half of the skin. The two
compact dermis layers do not fuse; each, depending on its
location, passes above or below the folhcle.
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Chicken and Turkey
General
The histology of the skin in the midventral line of the
young chicken is but little different from that found in

apteria described for other parts of the body, but as the
chicken grows older, a sternal bursa develops within the
subcutis tissue. All of the tissues between the dermis and the
ventral surface of the keel bone undergo changes with age,
part of w^hich centers around the development of the sternal
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bursa. These changes may be further complicated by infections of the cavity, If the involvement is progressive and
serious, these changes may lead to the formation of ''breast
blisters.'' Sternal bursa were observed in the chicken and the
turkey but not in the domestic duck or in the common
pigeon. An infection of the sternal bursa may involve the
dermis layer as well as the subcutis. Throughout these
volumes our objective has been to describe only the normal
anatomy and histology, but in the case of the sternal bursa
we do not yet have enough information to clearly differentiate
the fully normal from the pathological at a subclinical level
Downgrading of poultry due to presence of breast bhsters^
and the unattractive appearance of the breast after removal
of skin has stimulated many to study causes as well as
possible methods of control. Numerous investigators have
noted that males show a much higher incidence of keel cysts
than females (Hodgson and Gutteridge, 1941; Kondra and
Cavers, 1947; O'Neil, 1943; Gyles et al, 1957; Bezanson and
Stephenson, 1958; Stephenson et al, 1960; Gyles et al., 1961 ;
and May and Noles, 1965). The exception to these observations was found in leghorns by O'Neil (1943 and 1944). It has
been a question whether the sex difference was due merely to
the heavier weight of males or was in truth a sex effect.
Gyles et al. (1957) sought an answer by comparing males with
older females that had attained weights equal to the males
tested. The sex effect was still present. Kondra and Cavers
(1947) noted that keel cysts occurred in females of Barred
Plymouth Rocks as well as in males but the incidence was
lower. Gyles et al. (1961) noted the same. The basis for the
sex difference is obscure because capons were as susceptible
to keel cysts as were cockerels (Hodgson and Gutteridge,
1941).
As already indicated, the weight of the bird plays a role.
Heavy American breeds attained a higher incidence of keel
cysts than did leghorns (Hodgson and Gutteridge, 1941;
O'Neil, 1944; Bezanson and Stephenson, 1958). As birds
gained weight with age, the incidence of keel cysts increased
(Smith, 1956). Early hatches accompanied by rapid weight
gain showed 33,3 percent keel cysts, but a hatch a month
later that grew more slowly had only 23.6 percent (O'Neil,
1944).
Variability in incidence among the 6-month-old cockerels
of different breeds was observed by Shoffner and Canfield
(1957), but the principal purpose of their study was to learn
if roosts aggravated the development of keel cysts. In all of
the four breeds tested and a cross, the incidence was higher in
those populations using roosts. Moreover, large cysts were
four-fold more numerous in birds on roosts than on those
maintained on a floor covered with shavings. The type of
6 Gresham and Barwick (1962) considered the term ''blister" to be
incorrect since from their study the pathology is an inflamed bursa
and not a vesicle in the epidermis. They suggested the more accurate
term ''keel bursitis." O'Neil (1943 and 1944) had earlier also regarded
the term "bHster" as incorrect for the same reason given by Gresham
and Barwick and suggested the Latin term ''bursa synovialis
presternalis'' and the common names "keel cyst" or "keel bursa." We
are suggesting the term, "sternal bursa" (bursa sternalis).
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floor and the kind and condition of litter affect the incidence
of keel cysts. Rearing on whole corncobs produced poorly
fleshed birds with a nonsignificant increase in keel cysts
(Smith, 1956). Generally, cobs, if ground, and other fine litter
materials, if kept dry or moderately dry, had no ill effects,
but wire floors encouraged cyst development. Damage was
lessened by the use of rubber pads (Koonz et al., 1963).
Gyles et al. (1961) found that the type of feeder played a role
in the incidence of keel cysts. It was higher in males and
especially in females when self-feeding hog feeders were used
compared to 5-foot troughs and 20-pound-capacity tube
feeders.
One of the most serious predisposing causes to keel cyst
development is wet litter (Smith, 1956; Funk and Savage,
1956; and May and Noles, 1965). The last two authors
observed in birds at 9 weeks on dry litter that the incidence
was 3.23 percent in males and 0 percent in females. On wet
litter these values increased to 18.68 percent in males and
1.12 percent in females. At 12 weeks the pattern was the
same, but the values were much higher.
The evidence has indicated that keel cysts result from
traumatic injury and that when cushioning is provided, the
incidence is less. Feathers provide a natural cushion. Kondra
and Cavers (1947) found a lower incidence and smaller cysts
in early-feathering birds than in late-feathering strains.
Gyles et al. (1962) obtained a negative correlation of 0.79 for
keel cyst development and abundance of feather covering for
the keel. Funk and Savage noted 10.9 percent keel cysts
associated with good feathering, 13.6 percent with medium
feathering, and 33.3 percent with poor feathering. Removal
of feathers by clipping resulted in significant increases in keel
cysts (Kondra and Cavers, 1947). Plucking raised the incidence from 6.0 percent to 74.2 percent (Funk and Savage,
1956). Particularly significant was the observation by Koonz
et al. (1963) that removal of the anterior end of the keel at
hatching ehminated the occurrence of keel cysts. Müller
(1968) sought to induce keel bursa enlargement by insulting
the presternal region of poults at ages 1 day to 7 weeks.
The insults included rough handling, plucking of feathers,
wetting the litter, scraping the breast, chilling, and combinations of some of the above. At the time of marketing, the
treatment groups showed no significant differences.
Bird (1943 and 1944) offered evidence that the body shape
of chickens was a significant factor in the predisposition
toward keel cysts. Rasplicka and Fry (1963) were of the
same opinion from their study of turkeys, but disagreed with
Bird as to a body shape that was most desirable. Hollinsworth
(Bird, 1944) assembled the equipment needed to measure the
pressure of the keel against the roost. Bird offered the suggestion that keel cysts might be more frequent in birds that
were restless on the roost than in those that remained quiet.
Many have opened these bursal cavities but no one has
attempted to study the gross anatomy, although O'Neil
(1945) gave us excellent data on its histology. McCune and
Dellmann (1968) briefly outlined some aspects of posthatching development. It is for this reason that all the names given
in figures 310 through 312 originated in these studies and
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apply to the structures observed in our dissections. Specimens
selected for study showed no external evidence of a bursal
swelling, and when opened they were without evidence of
clear or colored exúdate. The morphology observed in figures
310 through 312 will be presented as normal but with a disturbing misgiving that any sternal bursa, if it exists at all, is
abnormal, representing a reaction to stress, irritation, and,
in some cases, to pathogens. It will be evident from the many
unanswered questions in the text that follows, that in spite of
the studies made in the past, a full scale investigation of the
morphological aspects of the normal and clearly abnormal
sternal bursa is still needed.
Gross morphologyMost of the information on the morphology of the bursa
was obtained from dissections of Single Comb White Leghorn
Chickens and Bronze Turkeys. When no swelling existed,
there was no indication as to the kind of bursa that might be
revealed when a dissection was made. Therefore, the relatively simple organization shown in figure 310 appeared at
random among the dissections but was placed first in the
series of increasing complexity. The incision was made
through epidermis and dermis; the sternal bursa lay in the
subcutis, a fact determined by a study of transverse sections.
It was observed that when the skin was pulled apart laterally,
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310.—-Dissection showing the sternal bursa of a
Single Comb White Leghorn Chicken. The bursa in this
bird was relatively shallow with only the superficial cavity
present. Abbreviation: conn, tiss., connective tissue.

FIGURE

strands of connective tissues stretched across the space of the
superficial bursal cavity. In spite of probing gently with
blunt instruments, it was not possible to determine peripheral
limits of the superficial bursal cavity, and there was considerable doubt in the minds of the authors that this cavity
actually possessed such a well differentiated mesothelial Hning as may be found in bursa with more resistant interior
boundaries. O'Neil (1943 and 1945) observed excrescences
projecting, usually with free ends, into the bursal cavity
these occasionally crossed the space and fused with the
opposite wall. It is a question whether our intrabursal connective tissue strands are the same as O'Neil's excrescences.
There probably is no question that in microscopic sections,
the excrescences shown by O'Neil in his plate 2 are the same as
the tonguelike projection illustrated in our figure 318.
The subcutis is a very loose connective tissue and even a
slight pull on the skin separates it from the deep fascia. We
became aware of the delicacy of the subcutis connective tissues
when we tried to remove pieces of skin in this area for sectioning; the dermis slipped sideways as if there were no bonds
holding it to the denser connective tissues covering the keel.
The deep tissues and dermis had to be sewed together before
removing the tissues. The results of studies made by O'Neil
(1945), McCune and Dellmann (1968), and us agree that the
sternal bursa is located within the loose connective tissues of
the subcutis.
We have named the delicate bundles crossing the bursal
cavity the "intrabursal connective tissue strands." The
cavity itself involves only the part of the subcutis adjacent to
the dermis and has been named the "superficial bursal
cavity." This is in contrast to the deeper cavity located
dorsal to it (fig. 311, B). The air foam cells in figure 310
probably have little or no significance. It is possible that the
air was trapped in the areolar connective tissues when the
skin was incised and the cut edges pulled apart.
The sternal bursae in other specimens were more definite
in that the walls were smoother, and the intrabursal connective tissue strands were more robust and less numerous.
The extent of the superficial bursal cavity was about as
shown in figure 310.' On the left of figure 311, A is shown as a
flattened fold projecting from the side toward the center;
such a structure has been seen frequently in sections (fig. 314)
and has been named the "lateral triangular fold." In this
specimen used for figure 311, A, openings were seen in the roof
of the superficial bursal cavity. These were named the
"interbursal stomata" and lead to the deep bursal cavity
located above* (figs. 311, A and B). An incision through
the interbursal lamina along the line of the stomata exposed,
beneath the interbursal lamina, a smoothly lined cavity
parallel to the superficial cavity. On the roof (dorsal surface)
of the deep bursal cavity was the dense sheet of connective
' O'Neil (1943 and 1945) noted that the "blister" might vary in size
from a small bean to an oval-shaped formation, 2 to 3 cm. broad and
7 cm. long.
* The terms "roof" and "above" refer to a direction toward the keel
bone, hence, dorsal to the skin surface.
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311.—Dissections showing sternal bursae of the Single Comb White Leghorn Chicken.

A, the dissection penetrated the superficial bursal cavity but left the
interbursal lamina intact.
B, an incision was made along the line of the interbursal stomata into

the deep bursal cavity, thereby exposing the aponeurosis that joins the
right and left pectoral muscles. Abbreviation: conn, tiss., connective
tissue.

tissues covering the keel, namely, the aponeurosis connecting
the right and left pectoral muscles.
A sternal bursa with strong intrabursal connective tissue
strands and with a large interbursal stoma that made the
superficial and deep bursal cavities widely confluent was
found in a turkey (fig. 312). The fact that the bursal structures are so well differentiated in a turkey has no special
significance; the same has been found in a chicken, and the
more delicate structures seen in figures 310 and 311 have
also been seen in turkeys. This bursa (fig. 312) was illustrated
to show an extreme condition in what we provisionally regard
as a normal bursa. The cavity has peripheral limits that are
readily located with a blunt probe.
Delicate intrabursal connective tissue strands as well as
large ones cross the superficial bursal cavity. The heavy
strands prove one point, namely, that the connective tissue
strands do run transversely from wall to wall. When they are
very deUcate, as in figure 310, it is conceivable that the pull
of the forceps causes the areolar connective tissue of the
subcutis to take on a transverse orientation.
Among the numerous sternal bursae examined, variations
in structure were found. The three examples presented here
seemed to cover the range sufficiently well that the major
parts should be readily recognized regardless of the details of
their morphology. Age is a factor in the progressive sequence
of structural changes. We examined the sternal bursae of 11
adult male Single Comb White Leghorns ranging from 216 to
259 days of age. In all of these cocks, the keel was well
covered with feathers. An area about 50 mm. long showed
some thickening of the skin, but in no case was a keel cyst yet

palpable. When these were opened by a midline incision, the
knife blade entered the superficial bursal cavity. Within the
above narrow age range, the structure of the bursae was
remarkably constant. Transverse intrabursal strands were
less numerous than those illustrated in figure 311. The dorsal
surface of the superficial cavity is the interbursal lamina. In
figures 311, A and B, the laminae extended the full length of
the sternal bursae, but in the older males here described, the
lamina was absent for over half of the anterior end of the
sternal bursa, thus making the superficial and deep cavities
widely confluent. At the caudal boundary of this broad
passageway was a dense, white, glistening, transverse band of
connective tissue, followed by a transversely broad stoma.
Caudal to this was a series of stomata of decreasing size.
The entire roof of the deep bursal cavity was formed by the
pearly white aponeurosis covering the ventral surface of the
keel and connecting the pectoral muscles on opposite surfaces
of the keel. Therefore, both bursal cavities lie in the superficial fascia.
The sHdes that have been made were obtained from
chickens of different ages, beginning with the young chicken
and continuing to the adult. Sections of skin overlying the
keel were taken from White Pekin Duck and Common
Pigeon. Included also in the study were several cases of
bursae showing some pathology.
Histology—Single Comb White Leghorn Chicken
General.—Cross sections through the anterior end of the
keel indicated that a sternal bursa was absent during the
first 2 weeks posthatching but was present at 4)4 weeks.
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Thickened intrabursal
conn. tiss. strand
Thickened interbursal lamina
Interbursal stoma
Lateral triangular fold
Deep bursal cavity
Superficial bursal cavity

Thin intrabursal conn. tiss. strand
Cut edge of thickened integument

Carina

312.—Dissection showing the superficial and deep sternal bursae of the Bronze Turkey. Many turkeys show bursa
cavities like those shown for the chicken, and in the chicken, cavities may be found with thick intrabursal connective tissue
strands and large stomata connecting superficial and deep bursal cavities as shown here for the turkey. Abbreviation : conn,
tiss., connective tissue.

FIGURE

However, in order to understand the histology of the normal
bursa as well as the infected, abnormal bursa, it is necessary
to summarize the histology of this region at least as early as
7 days of age. Our chief concern in this is with the subcutis
because it is within this layer that the bursae are located. At
this age the basic organization of the subcutis is estabhshed;
at 14 days a change is beginning in the loose connective tissue
toward a more compact type ; by 32 days of age much of this
transition has been completed ; and by 46 days of age practically all loose connective tissues have disappeared.
The subcutis, in all studies of apteria and feather tracts,
has been treated as a single layer without subdivision, but in
the sternal apterium, even at 2 days posthatching, the tissue
organization is already established into superficial and deep
layers. The loose connective tissues of the superficial layer of
the subcutis are so delicate that usually in the processing,
artificial horizontal spHts will be produced; therefore, it
became necessary to decide what would be a positive identi-

fication for the presence of a bursal cavity. At 7 and 14 days
there was no indication of such a cavity, but by 32 days a
small, slit-shaped space had developed, and by 46 days two
spaces were well defined. The criterion used here to distinguish
between a horizontal split of the tissues due to processing and
the cavity of a true bursa was the presence in the latter of an
organized mesothelium. This may be nothing more than a
concentration of fibrocytes as flattened cells, end to end in a
row at the free edge of the space or the fibrocytes may be
organized to form a low cuboidal mesothelium (figs. 315, A,
317, and 318). The layer may not be complete, so that in
some cases it can be traced across a section for a certain
distance before it disappears, as an organized layer, the free
edge continuing with essentially the same structure as the
border of an artificial split. Fluid pressed against loose connective tissues can flatten them so that the surface cells
resemble a mesothelium.
7 days.—At 7 days the skin is thrown into low, rounded
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folds that in section may be crowded against each other. The
epidermis has typical corneous and germinative layers except
that they may be one or two cells thicker than described for
other apteria.
The dermis is thin also but is readily divisible into its
several parts: (1) a superficial layer of loose connective tissue
supporting the small vessels of the superior capillary layer;
(2) a compact layer that may be carried into the folds of the
skin; (3) a loose layer of the lower dermis, of varying thickness, supporting larger vessels, apterial and feather muscles;
and (4) a well-developed elastic lamina that may split sometimes to produce an accessory lamina. Both epidermis and
dermis at this age are essentially similar to that shown in
figure 313 for the sternal apterium of a chicken at 14 days
of age.
The subcutis (superficial fascia) is slightly thicker than the
dermis. At this age the subcutis appears to be composed only
of a uniform layer of loose connective tissues, but by tracing
the sections laterally it is clear that the superficial layer
remains alveolar, and the deep layer becomes a dense sheet
paralleling the deep fascia. In the area of the midline, superficial and deep layers of the subcutis (superficial fascia), are
loose connective tissue scarcely distinguishable from each
other. The deep fascia, however, is a layer of dense, cellular
connective tissue that caps the ventral edge of the keel and to
which the medial ends of the m. pectoralis thoracica fibers are
attached. The deep fascia may be divided into two layers,
superficial and deep, and the morphology of these change
considerably with increasing age. The deepest portion of the
inner layer is the perichondrium.
The morphology of the attachments of skeletal muscle
fibers to tendons was reviewed by Goss (1944). His own
studies on different muscles of mammals as well as on those
of other vertebrates demonstrated that the junctions were
made by a continuation of the reticular fibers that surround
each muscle fiber. An effort was made to confirm his observations in the attachment of the pectoral muscle to the fascia
across the midline of the keel as well as to the connective
tissues covering the side of the keel. The slides examined
had been stained with Gridley's (1951) ammoniacal silver
techniques or with Foote's short method (Bensley and
Bensley, 1938: 110). It was diflScult to find muscle fibers
that had been cut longitudinally at the end, largely because
they appeared to turn as they approached the connective
tissues to which they were attached. Under such circumstances a thin line of reticular tissue always separated a
muscle fiber from collagenic tissue. The reticular layer was no
wider than the diameter of the reticular fibers that form a
network around the remainder of the muscle. Occasionally,
muscle fibers were cut apparently to the end aud very close
to the collagenic tissue. In this situation reticular fibers from
the circumference of the muscle fibers formed a short tube,
often constricted, that merged with the reddish stained
collagenic tissues, where they immediately lost their identity.
This agrees closely with the observation reported by Goss
(1944). The difference between a tube and a solid core of
reticular fibers would seem to be a minor one.
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The greatest thickness of the subcutis lies between the
dermis and the keel, whereas lateral to the keel the layer
decreases in thickness, compressed by the outward bulging of
the pectoral muscles. Further description of the dense,
horizontal sheet formed by the deep layer of subcutis shall be
presented, because of its variability and persistence with
increase in age. Serious consideration was given to the term
used in human anatomy, ^^retinaculum cutis/^ but the specific
description given of this rectangular band by Congdon et al.
(1946) precluded its usage in the bird because in man it serves
as a ligament extending perpendicularly from dermis to deep
fascia, whereas in the bird the dense bands observed in the
keel region were spread horizontally. Congdon et al. (1946)
also found somewhat similar horizontal sheets in man and
described them (p. 407) as ''curved trajectorial fibrous
bands." O'Neil (1945) observed and photographed these
bands in the subcutis near the sternal bursa and described
them as perivascular cuffs but peculiar in that fibroblasts
and lymphocytes were intermingled. In our studies they
have been found almost exclusively in the keel region. Until
we have evaluated them more completely it seems better to
avoid designating them by a name but instead to use a
descriptive phrase such as horizontal vascular bands. In the
turkey such bands were broken into segments, each carrying
a group of large vessels, very similar to that shown by
O'Neil (1945) for the chicken, and these were either wavy or
irregularly curved and strongly kinked. The tissues of the
horizontal bands are both collagenic and elastic. Lateral to
the midline region, the elastic tissue may increase and thus
become more like a ligament.
The deep fascia adjacent to the keel and between the
pectoral muscles is composed of a very dense and highly
cellular tissue. Many of the muscle fibers project beyond the
ventral edge of the keel, and the dense connective tissues
form a strong aponeurosis across the midline to which the
fibers of the pectoral muscle are attached at each end. These
same connective tissues form a cap over the keel; the portion
immediately adjacent to the keel has been named a keel
cushion. Laterally, these dense connective tissues extend
down along the side of the carina; the inner surface of these
fibers forms a perichondrium near the edge of the keel or a
periosteum along more dorsal parts of the keel. Additional
fibers of the pectoral muscle are attached to the outside
face. There are no clear boundaries separating one from the
other of these named parts at this age, but later (fig. 314) the
subcutis divides into two parts—the superficial and deep
layers. The latter, due to a horizontal cleft, becomes further
subdivided into two parts—the aponeurosis above and the
keel cushion below. O'Neil (1945) refers to a ''cushion'' as
including the tissues lying between the bursal cyst and the
carina. The term "keel cushion" as used here is somewhat
more restricted in meaning in that it refers to the pad of
connective tissue immediately dorsal to the aponeurosis,
either separated from it by a cleft or fused with it.
In figure 313 the last several rows of fibers and cells have
been labeled perichondrium because these show some transitional changes to cartilage, but the placement of a line of
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313.—Section through the sternal apterium and underlying tissues of a 14-day-old Single Comb White Leghorn
Chicken. The location of a future superficial sternal bursa is indicated but is not yet clearly developed. Mam features of the
drawing are from a hematoxylin and eosin preparation with elastic lamina added from Margolena and Dolnick (1951) stam
on a nearby section. Abbreviations : conn, tiss., connective tissue; m., musculus.

FIGURE

separation between perichondrium and the adjacent deep
fascia has to be arbitrary at this age.
14 days.—Some specimens at 14 days of age still show an
areolar type of subcutis as shown in figure 313 and as
described for specimens at 7 days of age. Other specimens at
14 days show a replacement of the loose connective tissue

with a dense connective tissue. A subcutis of dense connective tissue was depicted by McCune and Dellmann
(1968, fig. 2). The histology is described first in figure 313
where the subcutis is composed of loose connective tissue.
The epidermis and dermis are closely similar to those
described for specimens at 7 days of age. The surface is
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thrown into low, rounded folds into which may extend part
or all of the compact dermis. The capillaries of the superficial dermis are well developed but form only a single layer.
The loose part of the deep dermis is very thin, increasing
somewhat in thickness to include small blood vessels found
in this region and also the thin bundles of apterial muscles.
The elastic lamina is a thin line but stains strongly with
orcein. When the lamina falls over in the section, it presents
the same appearance as shown in figure 297, A, with a considerable range in fiber diameter from 2.5 M to an estimated
third of a micron. The estimate was made by using the movable parallel lines of a Zeiss filar micrometer. The distance
between lines was 1.4 /x, and the finest of the elastic fibers
could be dupUcated four times between the parallel lines,
making the diameter of each approximately a third of a
micron, and some barely visible delicate fibers were undoubtedly less than this. Lansing et al. (1952) and Lansing
(1952) obtained a much greater range in diameter with the
electron microscope. (See p. 504.)
The superficial and deep fasciae had a total thickness of
771 iu on one specimen; the subcutis made up 422 ß; and the
deep fascia, 349 M- Compared to these figures, the combined
epidermis and dermis were relatively thin. The thickness
from the elastic lamina to the top of the highest fold in
figure 313 was 215 M and for the vahey area next to the fold
the thickness was 72 ß.
In the axis of the keel just below the elastic lamina, the
loose connective tissues were widely spaced with but few
cells, whereas toward the deep fascia there was an increasing
concentration of fibers and a great increase in cells. It is this
somewhat dense portion of the subcutis just above the deep
fascia that lateral to the keel becomes organized into the
horizontal vascular band. The very loose connective tissues
immediately below the elastic lamina never seem to produce
or become part of this band. At their medial ends the bands
are formed mostly of collagenic tissue, but laterally the band
becomes very dense and elastic fibers become abundant. A
section of skin taken through the breast at the lateral margin
of the sternum will therefore reveal two sheets of tissue, both
of which contain many elastic fibers. Superficially it might
appear as if the elastic lamina had been duplicated. That
such is not the ease is readily apparent if the section is large
enough to trace the inner of these two fibroelastic bands to
the median plane of the body where the peripheral part is
clearly a horizontal vascular band and the inner part, the
deep fascia. CapiUaries and smaU blood vessels may be seen
within the substance of the horizontal vascular band or they
may be found on the inner surface of the sheet.
The deep fascia at this age, as at 7 days, is still highly
cellular, particularly in the part adjacent to loose connective
tissues of the subcutis. In this peripheral part of the deep
fascia many of the nuclei have the oval shape and leptochromatic nuclear staining of the fibroblast, whereas closer
to the cartilage the nuclei are denser and angular, a characteristic of fibrocytes.
When large blood vessels penetrate the dense tissues of the
deep fascia, they are generally surrounded by an area of loose
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collagenic fibers with which elastic fibers are associated.
Gridley's (1951) reticular stain failed to give convincing
evidence that reticular fibers were present. Fibroblasts were
abundant, and their morphology was relatively easy to
study in a loose connective tissue of this type. The cells were
spindle-shaped with basophihc cytoplasm.
At the beginning of this section we mentioned that at 14
days of age some individuals showed almost a complete transformation from a loose to a dense connective tissue in the
subcutis. The superficial half of the layer had become dense;
the ventral half, out of which is produced the horizontal
vascular band, may increase in thickness and density and
may extend across the midline. Therefore, in the midline the
sequence of tissues in the subcutis, from the elastic lamina
toward the keel, would be first, a moderately dense layer of
connective tissue; second, a very dense layer, which is the
horizontal vascular band; and third, below that a dense
tissue of the deep fascia which also has two parts, first, the
aponeurosis joining the pectoral muscles, and second, the
keel cushion and the dense layer adjacent to the cartilage.
The tissue organization at this age is basically similar to that
shown in figure 314 from a specimen 46 days of age.
In specimens at 14 days of age showing advanced development, the cohagenic fibers of the horizontal vascular band
and the deep fascia are definitely organized and distinct.
When this band crosses the midline, the fibers run predominantly transversely, but in the lateral extension of the
band the predominant direction is longitudinal. In the deep
fascia the fibers of the aponeurosis at the midline run transversely, but beneath these, near the cartilage of the keel, they
course longitudinally.
32 days.—At 32 days of age the changes begun in the
subcutis at 14 days continue, in that the replacement of
loose connective tissue by dense connective tissue has been
nearly completed, so that the horizontal vascular band may
merge into the dense tissues originally below and above it.
Moreover, some changes are beginning to take place that lead
toward a definite sternal bursa. The deep fascia at 14 days
was a wide layer of dense connective tissue. It was noted that
the collagenic fibers around a blood vessel (fig. 313) were
dehcate and widely spaced. By 32 days of age the encroachment of additional vessels accompanied by a general loosening of the dense connective tissues created a separation of the
deep fascia into two layers. The outermost of these is the
dense aponeurosis, which is separated from the keel cushion
by a barely perceptible cleft, a ''processing" artifact. The
dorsal part of the deep fascia begins with the keel cushion and
extends to the cartilage of the carina, which is covered by the
perichondrium. The keel cushion at 32 days of age and
beyond is just beginning a reorganization; the dense connective tissues of the pad are breaking down, accompanied
by a replacement of fibrocytes with fibroblasts. The reorganization is greatest adjacent to the aponeurosis and least on
the basal side near the perichondrium.
46 days,—A general reorganization of the tissues along the
anterior part of the keel has taken place by 46 days of age in
our Single Comb White Leghorn Chickens. It certainly would
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be informative to have a comparable study made on a heavy
breed and on fast-growing broilers. What is described here
can serve only as a general guide rather than a fixed blueprint of changes according to a definite timetable.
The epidermis at 46 days of age is much thicker than at
earlier ages, the basal cells of the stratum germinativum are
definitely columnar, the intermediate layer is two to three
cells deep, and the flattened cells of the transitional layer are
three to five cells thick. The corneum is compact, and the
flattened squamous cells adhere to the germinative layer
with little tendency for dehiscence at the surface. The
corneum was one to one and a half times as thick as the
germinative layer. Several mitotic figures were observed in
the basal layer of the germinativum. Dividing cells have not
been noted in the sections of skin taken from other regions of
the body of young or adult birds. From tissue culture,
McLoughlin (1961) noted that mitosis was rare in cultures
of limb-bud epidermis.
The dermis was badly disturbed, and it was no longer
possible to clearly distinguish the separate layers frequently
mentioned in the descriptions of skin from pterylae and other
apteria. Vessels of the superior capillary layer increased.

—■ Epidermis

\IMK M
Lateral triangula

Vessels of various sizes were randomly scattered throughout
the dermis. Apterial muscles were still present, and it was by
these that the approximate lower limit of the dermis could be
identified; the early phases of hyperplasia in the connective
tissues had destroyed most of the elastic lamina. Traces of
elastic fibers of this membrane could be seen here and there,
enough to establish its previous location and the approximate
boundary of dermis and subcutis. With its destruction, the
connective tissues of the subcutis and the dermis become
confluent (fig. 314). The tissues of both layers are moderately
dense and cellular. Loss of elastic lamina may be associated
with connective tissue proliferation because the lamina is
absent also in the developing comb.
The dense connective tissue of the subcutis forms the
outer wall of the superficial bursal cavity. The next conspicuous structure is the broad, dense band representing the
aponeurosis of the pectoral muscles, which is the ventral
part of the deep fascia. Between the two are a few strands of
collagenic fibers, as may be seen in the midline of figure 314.
When these strands are followed laterally, they expand to
form a lateral triangular fold of loose connective tissue. As
shown in figure 314 this lateral triangular fold is probably
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Subcutis (superficial fascia):
Superficial layer
Deep layer
Superficial bursal cavity
Interbursal lamina

fí. B. £. WING

DORSAL

1.0 mm.

314.—Section through the sternal apterium and underlying tissues of a 46-day-old Single Comb White Leghorn
Chicken. A superficial bursal cavity is now present, and the lateral triangular fold has a boundary of mesothelium. The
well-developed cavity between aponeurosis and keel cushion is not part of the sternal bursal system. Bouin fixation. MayGrünwald-Giemsa stain. Abbreviation: m., musculus.
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the antecedent to the structure similarly identified in
figures 311 and 312.
The superficial bursal cavity in figure 314 lies ventral to
a thin sheet of loose connective tissue. Dorsal to this is a
second cavity, which could readily become confluent with
the first-mentioned cavity. When the narrow space is
traced in a lateral direction, either to the right or left, it
expands into large cavities with well-defined mesothelia.
This is in harmony with the observation that the fully
developed, thick-walled keel cyst often lies either to the
right or left of the midline. Cross sections of well-estabhshed
keel cysts have indicated that they were located outside the
aponeurosis rather than beneath it, yet a well-developed
cavity is produced interior to the aponeurosis between it and
the keel cushion. Some fibrocytes are oriented parallel to
the surface, others perpendicular to it or at an angle (fig. 315,
B), The action of the fixative produces in the delicate reticulum around the fibroblasts, namely, in the spaces between
the cells, a network that resembles the mucoid of the intermediate layer of the comb. Tests for mucoid similar to those
applied to the comb were negative, but O'Neil (1945)
mentioned mucoid as being present in his preparations.
If the bursa above the aponeurosis is examined, the mesothelium is found to be very delicate and composed of flattened fibrocytes resting on a dense connective tissue. The
appearance is the same when this thin type of mesothelium
is supported by loose connective tissues.
The keel cushion is fully reorganized at this age. Earher it
was a layer of dense connective tissue, then later it was
invaded by blood vessels and began a transformation to a
mixture of young and old connective tissues. This change was
partially complete at 32 days, and by 46 days it had evolved
into a spongy cushion beneath the dense perichondrium
covering the keel (fig. 314). The fibroblasts at the upper
surface of the cushion forming part of the wall of the deep
bursal cavity have been oriented to form a definite mesothelium (fig. 315, B). The same is true of the ventral surface of
the aponeurosis except that in this location the connective
tissues forming the mesothelium are composed of flattened
fibrocytes, and the underlying tissues of the aponeurosis have
remained dense without indication of mucoid formation. The
area selected for illustration (fig. 315, A) w^as the extreme
lateral angle of the superficial bursal cavity, and it shows the
continuity and character of the mesothelium on two opposite
faces.
10 to 11 weeks.—The specimen at 10 to 11 weeks had only
a small sternal bursa, and in its development there had
been but a minimal disturbance of the normal organization
of the tissues. The different layers of the sub cutis and the
status of the tissue types in each layer fit almost exactly
that described for 32 days of age. About the only differences
were the abundance of capillaries in the superficial layer of
the dermis, and the disruption and loss of most of the elastic
lamina.
The flattened bursal cavity was located in the loose connective tissues in the subcutis, directly ventral to the
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aponeurosis. The mesothelium was only a thin row of
flattened fibroblasts.
The original dense connective tissue of the keel cushion
was not entirely replaced by fibroblasts, and a network of
fibrils was present staining basophilically with Giemsa. This
transformation reaction began around the blood vessels
during the 1st month postbatching, but during the 3rd
month the only fully differentiated acidophilic, coUagenic
bundles were those adjacent to the vessels; all others showed
the basophilia of immaturity. It w^ould appear as if the
process of reorganization beginning at the vessels had spread
gradually to the surrounding tissues and that the maturing
of the new generation of dense collagen took place where the
process was first initiated.
Adult male,—An adult male specimen showed but a single
bursal cavity, in this case, the superficial. If this cavity had
been dissected, we assume that it would have been similar to
the cavity shown in figure 310. Within the cavity were intrabursal strands (figs. 316 and 317). The mesothelial lining
of the bursa was distinct, both on the strands and on the walls.
No coagulum indicating the presence of exúdate was observed, nor was there a swelhng or a protrusion of the skin
above the normal level, although a structure capable of
introducing fluid into the cavity was found and has been
illustrated (figs. 316 and 318). There were no significant
lymphoid or heterophil accumulations so it is assumed that
the tissue remodeling to be described in conjunction with
these figures is a result of mechanical and abrasive effects
rather than due to some infectious agent. Our observations
should be compared with the fine study made by O'Neil
(1943 and 1945).
No attempt will be made to define what we see as either
normal or abnormal, that is something that each person must
decide for himself, but the authors will clarify their position
to this extent: When compared with the skin in all other
parts of the body, the histology of the skin as observed here
is abnormal. Normal tissue organization has been disrupted,
destroyed, and replaced by a new tissue organization. Therefore, the skin, apart from any consideration of the factors
that produced this condition, must be considered abnormal.
On the other hand, a normal organism has built into its
body, mechanisms for responding to mechanical stresses of
this sort, and the fact that the body responds to this stress in
a defensive and compensatory manner is entirely normal. By
utilizing this defense mechanism, the body is enhancing its
chance of survival, so for the observer, it depends upon which
facet of the organismos dilemma one chooses to emphasize,
whether the condition shown in figure 316 is abnormal or
normal. O'Neil (1945) observed that 10 to 15 years before
1945, ^^ breast blisters" apparently did not exist in flocks of
chickens. He presented a list of possible reasons why they
develop and quoted the earlier works of Hodgson and Gutteridge (1941).
The epidermis is similar to that for other apteria; the
corneum may be thickened as shown in figure 317, but
generally it is about the same thickness as the germinative
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layer or less. The reaction to irritation is shown chiefly by

tissue. The connective tissue fibers are thrown into whorls,

the dermis; the separation into superficial and deep layers is

T"^ there may be many vessels of various sizes, although
tew are shown m figure 316, except capillaries and small
arteries.
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315.—The walls of bursal cavities under high magnification. Single Comb White Leghorn Chicken. (See fig. 314 for
general orientation.)

A, the wall of a bursal cavity at a lateral margin showing the continuity of the mesothelium. The inferior wall merges with the aponeurosis
of the pectoral muscles. Chicken 10 to 11 weeks of age. Bouin fixation. Weigert-Van Giesen stain.

B, the free margin of the keel cushion. The connective tissues adjacent
to the cavity are fibroblastic, the denser interior tissues have collagenic
bundles of fibers containing fibrocytes. Bouin fixation. Hematoxylin
and eosin stain. Section from same block as figure 314. Abbreviation:
conn, tiss., connective tissue.
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316.—Sternal bursa at low magnification from an adult Single Comb White Leghorn Chicken. The area within
rectangle A is shown at higher magnification in figure 317, and the area in rectangle B is shown in greater detail in figure 318.
One of the intrabursal connective tissue strands that lay to the left of rectangle A has been included in figure 317 to show
some of its detail. Zenker-acetic fixation. Hematoxylin and eosin stain.

FIGURE

In areas adjacent to that shown in figure 316, are numerous
apterial muscles. From their position it is possible to estimate
the lower limits of the dermis, although the elastic lamina is
completely gone. A dense band has been formed from the
loose connective tissues of the superficial part of the subcutis.
As may be learned from figure 314 and the accompanying
text, this transformation took place at an early age and
apparently persisted into adulthood. Below the dense band
of subcutis are the loose connective tissues that form the
outer wall of the sternal bursa; the margins of the cleft are
smooth and distinct. The cavity is wide, and within it are
sections of intrabursal connective tissue strands (figs. 316 and
317). They may be dense whorls of connective tissue or a
mixture of loose and dense tissues, but all carry a wellestablished mesothelial surface that clearly demonstrates
the character assumed by fibroblasts when flattened. Continuity between the connective tissue strands and the outer
wall of the bursa is clearly shown in figure 316. These structures aré called excresences by O'Neil (1945). Only one
glomuslike protrusion was observed in the section. Its highly
vascularized cortex (fig. 318) could provide an exúdate to
the bursal cavity. Similar structures as well as extensive
vascularization of the cyst wall were described by O'Neil
(1945).
The inner or dorsal wall of the bursa is a dense connective
tissue formed by the fusion of aponeurosis and keel cushion.

All traces of immature fibroblastic tissue observed at young
ages have disappeared, and now the connective tissues,
although thrown into whorls rather than as flat sheets, still
form a dense layer. This layer, like the outer wall, is covered
with a smooth mesothelium. In the connective tissues below
this layer are numerous small blood vessels. Toward the keel
is a band of connective tissue less dense than that immediately adjacent to the bursa; this is the inner part of the
deep fascia. Adjacent to the keel, the periosteum is a relatively thin but compact layer.
171 days—keel bursitis.—At 171 days a typical keel cyst
was sectioned to determine wherein it differed from the noninfected bursa, which developed presumably in response to
mechanical stress. There were several changes of note. The
epidermis was hypertrophied, and the columnar basal cells
projected into the dermis. The dermis appeared hyaline with
no distinct fiber bundles, the nuclei of fibrocytes were small
and far apart, there were few blood vessels, and the dermis
dorsally was in complete continuity with the connective
tissues of the subcutis.
The subcutaneous tissues surrounding the cystic cavity
showed slight to massive condensations, which formed the
wall. The thickness and character of the wall varied in
different locations around the cyst. Within the cavity were
many dead and disintegrating cells, which in fife may have
been disbursed through the exúdate, but in the fixed tissue,
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318.—Enlarged view of the vascularized papilla shown in B of figure 316. The papilla protrudes into the bursal cavity
Abbreviation: conn, tiss., connective tissue.

they rested against the lumenal surface of the cyst (fig. 319).
The mesothelium was more definite than in figure 317, and
usually two rows of fibrocytes were involved in the formation
of this membrane.
Adult—caudal end of keel.—Although it has not been
possible to make the exhaustive study that is needed to
answer many questions regarding the sternal bursa and its
relationship to the development of keel cysts, an effort was
made to answer one of these questions: Does the posterior
end of the keel, free from mechanical stress, show the same
changes in the skin with increasing age as does the anterior
half? A comparison of figures 317 and 320 shows that sections
from the two ends of the keel are distinctly different; the
caudal end is similar to the apteria in other parts of the
body, especially to the postauricular apterium of the adult
chicken.

The thickness of the epidermis is average and shows no
hypertrophy of corneum or germinativum. The dermis has a
wide stratum superficiale filled with sinus capillaries. The
compact layer of the stratum profundum is relatively broad
and, as shown in several sections of skin (figs. 298, p. 495,
and 303, p. 502), the dense collagenic fiber bundles course at
right angles in a plane parallel to the surface. The lower part
of the dermis (stratum laxum) contains apterial muscles and
numerous scattered elastic fibers. Below the smooth muscle
is a distinct row of fibers, the lamina elástica, beneath which
is the subcutis. There was no trace of a sternal bursa in the
subcutis.
Histology—Bronze Turkey
69 days.—Sections through the skin covering the keel
were studied at one age only (69 days), so the information for

317.—Enlargement of area A of figure 316 showing details of the walls of the bursal cavity and of tissue organization
in intrabursal connective tissue strands. One of the two strands was included by shifting it from outside the rectangle.
Abbreviation: conn, tiss., connective tissue.

FIGURE
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the turkey is limited. The tissue organization observed at
this age was equivalent to that found in the chicken at 46
days of age. The epidermis in the midUne had a germinative
layer about 50 percent thicker than that in skin laterally
located. The basal cells were columnar; there were several
rows of intermediate cells and several flattened transitional
cells. Mitotic figures were abundant; 27 were counted in an
estimated length of 27 mm. The corneum was of average
thickness for an apterium.
The organization of the dermis was not seriously disturbed. The vessels of the superior capillary layer followed
the contour of the epidermis, and the compact layer of the
dermis did the same. The connective tissues of the superficial dermis were moderately dense; the compact layer of
the deep dermis had its fibers more closely placed than in the
chicken but not to the extent that the crisscrossing of large,
dense bundles was in evidence, namely of the type shown, for
example, in figure 303. The loose layer of the deep dermis was
much wider than the compact layer, and enclosed in its meshes
were numerous large arteries and veins. The general swirling
of connective tissues was well populated with cells; fat was
entirely absent. Many large apterial muscles were present.
The elastic lamina, unlike the chicken at 46 days of age,
had not been destroyed; in fact, there were accessory elastic
laminae among the apterial muscles and the large vessels.
The elastic lamina proper was below the vessels. The organization of subcutis nearly exactly duplicates that shown
in figure 314 for the chicken. A very thin layer of dense subcutis lay below the elastic lamina followed by strands of
loose connective tissue that broadened on each side of the
midline. Clefts extended laterally and passed on two sides
of a mass of loose connective tissue, thereby delineating
the triangular fold on each side of the midline. Within these

folds were elongated, serpentine, horizontal bands of dense
connective tissue carrying many blood vessels and in some
areas containing a great deal of elastic tissue. There were
many splits between and within masses of loose connective
tissues of the subcutis that were clearly lined with definite
mesothelia so that the sternal bursa appeared to be multilocular as described by O'Neil (1945: 33) for the chicken.
The ventral part of the deep fascia, as in the chicken, is
the aponeurosis joining the right and left pectoral muscles.
Usually it is a dense band of fibrous tissue, but in this specimen it was highly cellular. Between the aponeurosis and the
keel cushion was a deep bursal cavity covered with a mesothelial layer, also as in the chicken. A basophilic fibroblastic
tissue was found only for a short distance below the mesothelium of the cushion ; the remainder of the collagenic bundles
were densely packed and strongly acidophilic but contained
many cells. Within this dense tissue were observed two small
islands of typical mucoid tissue, with less than 21 cells in a
cross section. Vague indications of cell outlines, enclosing a
hypertrophied cytoplasmic reticulum, gave support to
Champy and Kritch's (1925a) suggestion of an intracellular
origin of mucoid. This topic is discussed more fully under
thesubject of the comb (p. 541). The keel cushion merges into
the perichondrium without significant change in character.
Histology—White Pekin Duck
Adult.—The duck has a thin epidermis, especially the
germinative portion, which has no more than three cells
and often only a single nucleus observable in the thickness of
the layer. The basement membrane, on the other hand, is at
least twice as thick as it is in the chicken.
The dermis and subcutis are one continuous expanse of

Cavity of sternal bursa

(probably infected

5.5x4.0 mm. in section)
debris
coagulated exúdate

Mesothelial layer

Nucleus of
mesothelial cell

Dense bundles of
collagenic fibers
Fibrocyte
Wall of
(0.75 mm

FIGURE

319.—Portion of a sternal bursal wall. The cavity probably was infected. Single Comb White Leghorn Chicken,
171 days of age. Zenker-acetic fixation. Giemsa stain.
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STERNAL APTERIUM AND BURSA

Desquamating corneous cell

Epidermis-i S"-"""" comeum
L Stratum germinativum-

Sinus capillaries

Stratum superjiciale-

Dermis-

Longitudinal bundles of
collagenic connective tissue
Stratum compactum

Transverse bundles of
collagenic connective tissue

Stratum profundum

Bundles of elastic fibers
Stratum laxum

^-C^i''-'

Apterial muscle

hamina elastka-

Subcutis-

0.1 mm.

320.—Transverse section of the sternal apterium taken at the caudal end of the keel. Single Comb White Leghorn
Chicken, 322 days of age. Drawing is based largely on a slide stained according to Margolena and Dolnick (1951) technique
for connective tissues. Zenker-acetic fixation.
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adipose tissue. In some areas lateral to the midline, fat cells
are to be found almost immediately below the basement
membrane, the narrow space between being occupied bj^ a
few delicate strands of connective tissue, so that a dermis
having a typical tissue structure is absent.
The dermal connective tissues are more abundant in the
midline than they are laterally, but even so it is not possible
to identify a superior capillary layer, a distinct superficial
layer, or a compact layer. In genera], loose connective tissue
occurs down to the apterial muscles. There is no trace of an
elastic lamina either in the areas where connective tissues
are present or where the only supporting tissue is fat. This
agrees with Wodzicki's (1927: 674) observation on the fattened goose (p. 492).
Between the apterial muscles and the edge of the keel is a
layer of loose connective tissue. This changes to an unbroken
adipose tissue, which is continuous with the fat within the
dermis. In the midhne, dorsal to the subcutis, is a broad
band of very dense connective tissue, the aponeurosis,
which joins the right and left pectoral muscles. The periosteum is dorsal to this dense transverse band, but the two are
indistinguishable morphologically. No structure resembUng
a keel cushion is present, nor is there any trace of either a
superficial or deep sternal bursa. The masses of fat on each
side of the keel may offer enough resilience against mechanical stresses to adequately protect the keel.

Dermis —i
Epidermis —

Keel cushion (adipose
and loose connective tissue)
Subcutis —\

Bone marrow of keel

Histology—Common Pigeon
Adult.—The corneum of the epidermis of the sternal
apterium is relatively thick with many layers of dead cells,
but the germinativo layer is thinner than any of the skins of
other domestic and laboratory species examined. The basal
cells are low cuboida), and in many areas these are the only
cells in the entire germinative layer. Occasionally a cell
belonging to the intermediate layer was found, but transitional cells were not observed. In some locations it appeared
as if the intermediate cells gave rise to the corneum directly
without a contribution from the transitional layer.
The dermis has an extremely simple organization; it may
be a dense connective tissue throughout that cannot be subdivided into layers, or there may be dense and loose connective tissue strata (fig. 321). A superior capillary layer and
apterial muscles are absent. This description applies to the
dermis of the sternal apterium. In feathered areas lateral
to this, the dermis is subdivided into the same layers described earlier for the chicken. In such laterally located areas,
follicles that may be present lie in the stratum laxum, and the
compact dermis passes over the follicles. An extremely
tenuous elastic lamina is visible, embedded among compact
collagenic fibers.
The edge of the keel lies only a short distance below the
skin; therefore, the subcutis may be extremely thin. In
Aponeurosis
between pectoral
muscles

0 1 mm

-Periosteum over ventral
margin of keel

M pectoralis thoractca —
fí.0. £=LV//Ví5

321.—Transverse section of the sternal apterium through the keel of an adult Common Pigeon. Neither sternal bursa
nor mesothelial cells were present in the subcutis. The keel cushion is composed of loose connective tissue and fat rather than
of dense connective tissue as in the chicken. Bouin fixation. Hematoxylin and eosin stain. Abbreviation: M., Musculus.
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some cases it is no more than a few strands of loose connective
tissue, in others, a definite band as in figure 321.
The deep fascia immediately ventral to the keel is organized differently than in any of the other species examined.
The keel cushion is a rectangular-shaped body of fat surrounded on four sides by a narrow rim of dense connective
tissue. The ventral boundary is the aponeurosis, stretched
between the right and left pectoral muscles ; the muscles are
attached also to the lateral walls of the keel cushion; and the
dorsal wall is the periosteum (fig. 321). The fat within the
cushion is both plurivacuolar and univacuolar. There was
no trace of either a superficial or a deep bursal cavity.
A surprising degree of variation exists among species in
regard to the tissue structure of the skin and between the
skin and the keel. In view of the fact that fat is a protective
cushion for some birds, it is conceivable that an adipose-
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connective tissue combination might be bred into chickens
and turkeys along the ventral midhne that might suppress
the development of sternal bursae. Perhaps among chickens
a basis for selection already exists. For example, no one to
our knowledge has made a comparative gross and histologie
study of chickens under the same conditions, some of which
did develop keel cysts and others did not. However, Gyles
et al. (1962) have studied the heritability of the ''breast
blister'' condition and thus demonstrated that a basis of
selection for morphological studies does exist. The weight
of the bird has often been regarded as a predisposing factor
in the production of keel cysts. The Hghter weights of coturnix
quail and pigeons compared to chickens and turkeys may be
a factor in the absence of a sternal bursa, but the association
of fat with the absence of a bursa may be a significantly
associated factor and should be studied further.

COMB
Gross Morphology
Types
Jeffries (1883: 203) mentioned that ^^The epiderm of birds
possesses a much greater variety of appendages than that of
any other vertebrate group.'' One of these, the comb of the
chicken, is a conspicuous, naked, fleshy outgrowth of skin
on the regions of the forehead and crown that extends forward over the base of the upper beak and often overlies the
opérenla of the nostrils (fig. 336, p. 000). All breeds of
chickens have combs, although in some the combs are small.
Combs, according to Champy and Kritch (1926), have the
potentialities of producing feathers, and in crested breeds
part of the comb area of the head bears feathers. Combs may
be divided into eight basic types according to the ''American
Standard of Perfection," but comb types are not as precise
as indicated in figures 322 and 323. Hutt (1949), who
reviewed the genetics of combs, noted that the single comb
with points was present in Red Junglefowl {Gallus gallus),
Gray Junglefowl ((?. sonneratii) and Ceylon Junglefowl (ö.
lafayettii), but in the Green Jungle Fowl (G. varius) the
single comb was without points and was similar to a strawberry comb. Hutt stated (p. 86) :
This [the walnut] comb is found in Malays, Chanteclers, and
Orloffs. In the last breed it is more often designated as a 'cushion
comb/ and in Malays it is sometimes referred to as a 'strawberry
comb.' These three terms give an idea of its conformation and
variations. It is smaller than any of the combs previously described,
and the surface is somewhat uneven, presenting irregular furrows. . .
The walnut comb results from the presence of both P and R and
is obviously the outcome of two different forces attempting to produce rose and pea combs.

Petroff (1929) listed the chief types of comb in the domestic
fowl as single, rose, pea, and walnut.

The single comb has four subdivisions—base, body, points,
and blade (fig. 322, A). '^The American Standard of Perfection'' (American Poultry Association, 1940 and 1953) lists
only three because in this work the base includes the body.
Pearl and Pearl (1909) defined the base as w^e do here,
namely, as the narrow band of tissue that formed the connection with the head, and then divided the remainder of the
comb into three parts—anterior, in front of the points;
middle, bearing the points; and posterior, the blade, caudal
to the last point. Louvier (1937) divided the comb vertically
into the same three parts as have others since the work of
Pearl and Pearl.
The base extends laterally over the skull. The extent of
the attachment to the skull is discussed in chapter 1, page
9. The body is the undivided portion of the comb immediately above the base and has a width less than the base.
The points arise from the dorsal margin of the body. The
blade is attached to the posterior boundary of the base and
body along a line from the posterior point of attachment to
the head, upward to the caudal margin of the last point.
A statistical study on the variations and inheritance of
parts of the comb was made by Pearl and Pearl (1909) who

said:
Summarizing the facts brought out by the inventory of qualitative variations exhibited in these combs it may be said that there
appears to be continuous variation, considerable in amount, in every
definable characteristic of the comb. All degrees of intergradation
between the extreme conditions of each of these characteristics
regularly occur.

The comb in Single Comb White Leghorns may become so
large that it lops over to one side or the other to the extent
of interfering with vision and even causing a deformation of
the skull (Nelson, 1945). The growth rate of the single
comb under natural and experimental conditions has been
used to evaluate quantitatively male hormone stimulation
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and light and other chemical and physical factors. One of the
major problems has been the selection of a reliable method for
estimating comb growth that would avoid killing the bird.

The baseline for all comparisons is the weight of the comb
after removal from the head. Jones and Lamoreux (1943)
found that all methods of measurements commonly used,

Points

Base

Blade

:'■'/

B.

Buttercup Comb

Crest

¿^ ^A/nrûZ.

C.

V-Shaped Comb

D.

Pea Comb

FiGUKE 322.—Four of the eight comb types found in chickens.
A,
B,
C,
T>,

Single Comb White Leghorn (male).
Buttercup.
White Crested Black Polish (female).
White-laced Red Cornish (male).

All drawn from actual specimens except B, which was redrawn from
the "American Standard of Perfection" (American Poultry Association, 1953).
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such as length, height, length + height, length X height,
and the square root of length X height, gave significant
positive correlations with weight. A highly accurate but timeconsuming technique, developed by Greenwood and Crew
(1927), involves taking an impression of the comb with
dental wax from which a plaster cast could be made.
The red color of the comb is due to the blood in the underlying capillary sinuses. The circulatory channels of the
comb will be described more fully later. Some breeds, such
as as the Silkie Bantam (fig, 323, B), have black combs as
well as black faces and wattles, due to an abundance of
melanin pigment.
Many modifications of the comb have been developed in
the process of domestication, such as buttercup, V-shaped,
pea, rose, silkie, strawberry, and cushion. The evolution of
comb types, like the origin of geographic races of chickens,
is often hidden in antiquity. The following partial list of
comb types in different breeds of chickens is based largely
on Robinson (1921) and ''The American Standard of Perfection'' (American Poultry Association, 1953). The order
in which they are presented is a structural series from the
single comb to the cushion comb (figs. 322 and 323) ; however, the series has no phylogenetic significance.
Single Comb (fig. 322, A):
Plymouth Rock
Java
Rhode Island Red
Rhode Island White
Jersey Giant
Lamona
New Hampshire
Holland
Delaware
Cochin
Langshan
Leghorn (9 varieties)
Minorca (3 varieties)
White Faced Black Spanish
Andalusian
Ancona (1 variety)
Dorking (2 varieties)
Orpington
Sussex
Astralorps
Catalana
Paverolle
Campine
Lakenvelders
Modern Game
Old English Game
Frizzle
Araucanas
Yokohama
Bresse noire

Buttercup Comb (fig. 322,B) :
Buttercup
V-shaped Comb (fig. 322,0) :
Pohsh
Houdan
Chevecoeur
La Fleche
Sultan
Pea Comb (fig. 322,D):
Buckeye
Brahma
Cornish
Sumatra
Cubalaya
Aseel
Rose Comb (fig. 323,A):
Wyandotte
Dominique
Rhode Island White
Rhode Island Red
Leghorn (3 varieties)
Ancona (1 variety)
Dorking (1 variety)
Redcap
Hamburg
Minorca (2 varieties)
Russian
Silkie Comb (fig. 323,B) :
Silkie Bantam
Strawberry Comb (fig. 323,C) :
Malay
Cushion Comb (fig. 323,i)) :
Chantecler

The buttercup comb (fig. 322, B) is implanted on the
head by a long base as is the single comb. At the anterior end
it arises as a single body, but the free edge of the base
divides and carries on each ramus a row of about six welldeveloped points. At the posterior end, the two parts of the
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base again unite, thus producing a cup-shaped structure. The
region that forms the blade in the single comb becomes the
posterior wall of the cup and bears some of the points.
The V-shaped comb (fig. 322, C) is a rudimentary structure found in crested chickens, except in the La Fleche, and
consists of two diverging points joined to a common base
and attached to the forehead. The breed called Russian has
a rose comb with a double spike, which is similar to the '^ Vshaped'' comb of the La Fleche if the posterior part is enlarged and the anterior part reduced.
The pea comb (fig. 322, D) is a triple comb and has the
appearance of three single combs parallel to each other but
with a common broad base. There are about six points on
each of the three parts. This comb is of considerably less
height than in the typical single comb or the buttercup
comb. The blade is small and not much more than a posteriorly projecting point. Associated with the presence of a
pea comb is a narrow, thickened band of skin extending the
length of the keel, called the breast ridge by Munro and
Kosin (1940). These authors were uncertain as to whether
the close association of pea comb and breast ridge represented a linkage or the latter was an additional manifestation of the former. Crawford (1961) found that the breast
ridge was not associated with either single or rose comb but
was present in all birds having a pea or a walnut comb.
Although not associated with the rose comb, the breast ridge
is always present when the cross is made between pea and
rose combs to produce the walnut comb. Crawford points out
that although the cross produced a walnut comb, the breast
ridge did not take on an intermediate morphology as did the
comb. It is not difficult to distinguish between single and
rose or between pea and walnut combs, but it may be difficult
to distinguish between walnut and rose; the presence of a
breast ridge in the walnut makes the identification precise.
The rose comb (fig. 323, A) is a further elaboration of the
pea comb in that the base, which is low and broad, is divided
into many parallel subdivisions. Each subdivision carries a
row of small points, which gives the surface of the comb a
papillary appearance. At the posterior end is a conical,
tapering spike, homologous to the blade of the single comb.
Variations within some comb types because of breed and
subvariety differences have been summarized by Robinson
(1921: 26). As an example he showed that the rose comb
may vary from the extremely large multiple-pointed condition in the Red Cap to the low, nearly smooth structure
of the Wyandotte.
The strawberry comb (fig. 323, C) has a cushion-shaped
body smaller in size than that of the rose comb. Its base is
attached only to the forehead. If the comb extends posteriorly
toward the crown it is only for a short distance. The comb
extends forward over the base of the upper beak and between
the nostril openings. The anterior end is the broadest part of
the comb. On the dorsal surface of the comb are numerous low
papillary points, which are not as well developed as they are
in the rose comb. One of the four species of wild fowl {Gallus
varius) shows an extended development of this type of comb,
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and the base continues posteriorly to the occipital region.
The comb in this species is red and blue. Grzimek (1932)
raises the question whether some domestic birds may not
have come from this species.
The cushion comb (fig. 323, D) is similar to the strawberry
comb in size and position; it differs from the latter in that

it has a smooth surface and is, in comparison to the single
comb, composed only of base without points or blade.
The classic study on the genetics of the comb was the
work of Davenport (1909) who observed that in the single
comb type separate genes controlled the base and the remainder of the comb. The V-comb type has no gene for the

Dewl

A. Rose Comb

B. Silkie Comb

c. ja^rrraz-

C. Strawberry Comb
FIGURE

D. Cushion Comb

323.- -An additional four of the eight types of combs found in chickens.

A, White Wyandotte (male).
B, Nonbearded Silkie Bantam (male).
C, Malay (male).
D, Chantecler (male).

A and B, drawn from actual specimens; C, redrawn from a photograph
by Robinson (1921: 26) and from the "American Standard of
Perfection" (American Poultry Association, 1953); D, redrawn from
the latter source.
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median element of the comb (base); thus a single comb
crossed with a V-comb produced Y-combs, a V-comb crossed
with a pea comb produced a split pea comb, and a V-comb
crossed with a rose comb produced a split rose comb. In some
genetic combinations comblessness resulted.

Development and Histology
Prehatching development
Brief mention of the early embryology of the comb by
Hamilton (1952) indicated that the primordium could be
seen along the dorsal midhne of the beak at stage 36 (about
10 days incubation). At stage 37 (about 11 days) the comb
was clearly visible, and the dorsal serrations were distinct.
The three authors, Hardesty (1931), Louvier (1937), and
Lawrence (1963), using both heavy and light breeds, agreed
that the first indication of a comb appeared at the 7th
day of incubation as a condensation of the mesenchyme in
the midline, which elevates the epidermis slightly. The
difference in age at which the primordium is said to appear
may be due to the fact that the examination mentioned by
Hamilton was made with the unaided eye on the intact
embryo, whereas identifications by Hardesty, Louvier, and
Lawrence were made from microscopic sections.
7th day.—At 7 days the length of the comb was 1.0
mm. and the width, 0.5 mm. in the Leghorn (Louvier, 1937).
Hardesty (1931) and Louvier (1937) agreed that the epidermis at 7 days incubation consists of but two layers of cells—
the upper, the flattened polygonal cells of the periderm
(epitrichium),^ and the lower, the basal layer of the germinativum; intermediate and cornified cells were absent.
The dermis is represented by a slight condensation of
mesenchyme but without structural organization.
8th and 9th days,—Louvier (1937) found that on the 8th
day a shght separation develops between the epidermis
and the periderm, a space that later will be filled by the
intermediate and transitional cells derived from the basal
layer. Condensation of the mesenchyme continues, accompanied by further development of vascularization by
vessels of capillary size. The latter process progresses at a
more rapid rate in the Orpington than in the Leghorn.
Hardesty (1931), Louvier (1937) and Lawrence (1963)
agreed that by the 9th day rounded intermediate cells
are present in the epidermis, having been derived from the
active mitosis of the basal layer. In the Orpington, epidermal
development proceeds at a slightly more rapid rate than in
the Leghorn. Early organizational changes begin to appear in
the dermis and subcutis. In both breeds the mesenchyme
cells are rounded ; the loss of their stellate shape and processes
Ö Kingsbury et al. (1953: 95) reviewed the history of these terms:
'' . . . Rosenstedt (1897) in a paper on the epitrichium of the chick,
a name he stated was used first by Welcker in 1864 for the embryonic
layers covering the developing stratum corneum, described in detail
its structure and possible function." and on their page 96: '' . . . the
periderm, a term first used by Krause ('02) for the outer covering of
the horny structures. ..."
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is the initial step toward forming a central layer. The
mesenchyme cells beneath the epidermis arrange themselves
concentrically, and elastic fibers appear. Hardesty (1931)
and Lawrence (1963) described this as an elongation to form
spindle-shaped cells with fibers oriented to reach from the
base to the periphery of the comb. Blood vessels increase in
the basal part of the comb but are still of capillary size.
10th day.—The comb on the 10th day was 3.25 mm. long
and 1.5 mm. wide (Louvier, 1937). The epidermis was composed of three definite cell layers—the periderm and basal
layer of the germinativum, which existed earlier, and a
fully formed intermediate layer. Again, development is more
advanced in the Orpington than in the Leghorn. Hardesty
(1931) and Louvier (1937) recognized two regions of the
dermis at this age: (1) a dense layer beneath the epidermis
and (2) a layer of loose mesenchyme in the basal region of
the comb that progressively establishes the central layer.
11th and 12th days.—The comb has grown to a length of
4.0 mm. on the Uth day and b.b mm. on the 12th day
(Louvier, 1937). The points have become more conspicuous,
and the anterior end is separated from the beak by a transverse furrow. The anterior region is followed by a middle
region, which bears about ñy^ points, and an elevated
posterior region that has enlarged rapidly. Behind this is a
flat featherless area closely applied to the skull that does not
enter into the formation of the comb. We consider this to be
part of the comb plate (p. 536). Proliferation of epidermal
cells has continued, and in some areas four layers may be
counted in the Leghorn. The dense subepithelial connective
tissue remains concentric with the surface, particularly in
the anterior part and up into the points. The connective
tissues of the central layer are readily definable by the 12th
day in the basal part of the comb and extend part way into
the points. Blood vessels in the central layer exist as capillaries up to the 10th day, but by the 12th day larger vessels
have developed.
ISih and Uth days.—Rapid growth of the comb begins
on the 13th day at which time it is 7 mm. long and by the
14th day it is 8 mm. long for the Leghorn and approximately
the same for the Orpington. The maximum height attained at
2 weeks is 1 mm. (Louvier, 1937). On the 14th day Hardesty
(1931) and Louvier noted that the basal cells had elongated
and become cylindrical and that cornified cells had developed
from the transitional layer. The periderm was still present,
and Hardesty stated that this layer as well as the transitional
layer contributes to the corneum. McLoughlin (1961: 372)
attributed the entire keratinizing of limb-bud epidermis to
the basal layer and noted (p. 376), ''The peridermal cells
do not keratinize, but become filled with trichohyalin
droplets and die.^'
The dermis continues its growth. Louvier identified a
hypodermis (subcutis) between the cranium and base of the
comb that contains large vessels, the branches of which are
distributed to the body of the comb.
15th to 18th days.—The comb increases in size somewhat
during the 15th to 18th days. Louvier (1937) gave a length
of 8.5 mm. and a height of 1.5 to 1.75 mm. for the Leghorn.

536

CHAPTER 9—MICROSCOPIC STRUCTURE OF SKIN AND DERIVATIVES

The comb falls to one side or the other of the head. Both the
Leghorn and Opington show low papillae characteristic of the
surface of the adult comb. On the 15th day the cells of the
transitional or precornified layer are rounded and these
become hypertrophied; by the 16th day two rows of cells
are established, and these have elongated on the 17th day
to form the squamous cells of the corneum. Hardesty (1931)
found that by the 18th day the epidermis had the general
appearance of the adult comb.
The dermis during the period of 15 to 18 days incubation
shows several changes leading to the adult condition: (1)
The capillaries increase in the subepithelial layer of the
dermis and the elastic fibers extend among them; (2) the
dense tissues of the dermis that parallel the surface of the
skin show evidence of being brought together from the two
sides as the comb grows upward; and (3) between the
central and subdermal layers, elastic fibers radiate outward
perpendicular to the surface. Lawrence (1963) noted that
these fibers form a porous, netlike structure with large
intercellular spaces. This is the beginning of the intermediate
layer of the comb that will be fully established some weeks
or months after hatching—depending on the sex.
The subcutis (hypodermis) is a loose connective tissue
containing much adipose tissue and numerous large blood
vessels. It joins the dense connective tissues of the central
layer to the skull. It is important to note that Louvier (1937)
considered the tissues of the central layer as belonging to the
dermis rather than to the subcutis, whereas Wodzicki
(1929: 350) considered both the dense connective tissue and
the loose tissue containing fat cells as belonging to the subcutis. Depending on the location, each of these statements
can be correct. This point is discussed more fully in the
section on the chicken at 1 day posthatching.
19th to eist days,—During the last 3 days of prehatching,
the comb attains a length of 9 to 10.5 mm. and a height of
1.5 to 2.5 mm. and is flopped to the right or left against the
surface of the head (Louvier, 1937). The dimensions for the
Orpington comb are somewhat less than those given for the
Leghorn. The papilla of the skin may be found at this age on
the blade as well as on more anterior parts of the comb.
The epidermis has the structure found at hatching. The
dermis shows the characteristic three layers. The capillaries
of the superficial (subepithehal) layer are few in number
and are not enlarged to form sinus spaces. The distinction
in the tissues of the superficial and the intermediate layers
is not yet sharply defined.
The connective tissues of the central layer are well established and carry branches of the large vessels coming
from the subcutis; these project vertically, and the anteroposterior vascular arcs are formed. The vessels of the central
layer give off lateral branches at right angles that pass
across the intermediate layer to the capillaries of the superficial layer. Louvier (1937) stated that some Herbst (avian
lamellar) corpuscles were found in the superficial layer.
After hatching we have observed these corpuscles in the
central layer.

Posthatching development—Leghorn
1 day.—M 1 day the comb rises from and rests upon a
slightly elevated, featherless plate of skin. In the early
embryology this was designated as a comb ridge, but the
term ''comb plate'' would seem to be more descriptive of
the morphology as seen on the first and subsequent days of
posthatching. The plate lies anterior, lateral and posterior
to the comb and is separated from it by a shght indentation.
The epidermis of both comb and comb plate is considerably thicker than that found over the body generally.
At the crest of the comb the epidermis varies in thickness
from 42 to 52 ,u of which 14 to 19 M are included in the corneum. The cells of the basal layer have a cylindrical shape,
and therefore the term''s¿ra¿iím c?/Zm<inctem" could be used
under these circumstances, but it is less confusing to continue
with the term ''stratmn básale." The lower ends of groups
of these cells bulge into the dermis so that the dermal surface
is very irregular. This is the beginning of a process that continues to maturity at which time the epidermis becomes
almost papillary in character. Wodzicki (1929: 356) referred to it as the papillary layer of the dermis. Lawrence
(1963) observed in the embryo that a basement membrane
developed beneath the epidermis of the comb, and we found
that it was present at 1 and 7 days posthatching as well as
in the adult bird.
On the upper side of the basal layer are one to several rows
of rounded and polygonal cells with large nuclei, each of these
having a single, distinct nucleolus. These cells belong to the
intermediate layer of the epidermis and are separated from
each other by distinct spaces crossed by ''intercellular
bridges.'' Therefore, this layer may be designated as the
"stratuîn spinosiim," hut the term.'^stratum intermedium'' is
probably more acceptable because it has been used by most
authors who have written on the skin of the chicken. Moreover, the ''intercellular bridges" cross the spaces between the
columnar basal cells and also between the cells of the transitional layer. In the latter the intercellular bridges are not as
distinct as in the other two layers of the germinativum,
because the flattened cell bodies of these cells are crossed by
similar lines, which are the boundaries of such intracellular
vacuoles illustrated in figures 299 and 300, page 496. In
the epidermis of the comb, these vacuoles are not as distinct
as they are in the thin skin of other body areas. Since intercellular bridges are present between cells within all three
layers of the germinativum, the term ^^ stratum spinosum''
cannot have a specific meaning as to location.
Electron microscopy has revised our knowledge of intercellular bridges from that depicted in histology texts written
some decades ago. For example, Bremer and Weatherford
(1944) in their figure 501, showed fibrils crossing intercellular
spaces—the ends of the fibrils reaching into the substance
of the adjoining cells. Porter (1954) described the bridges as
protrusions of the surface of contiguous cells that meet in
the intercellular spaces. They contain tufts of fibrous material
that extend from the tip of the protrusion to the interior of
the cell, but there is no evidence of continuity of filaments
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from cell to cell across these protrusions. Fawcett et al. (1959)
found that true intercellular bridges were limited to cells
having synchronized division, and there could be no more
than one bridge between two adjacent cells. Therefore,
it would appear that the term ^^intercellular bridges^^ is no
longer appropriate in describing the cells of a thickened
epidermis, but the morphology does not make inaccurate the
term ^^ stratum sptnosum'' if its use is otherwise accurate.
Leblond (1951: 473) reviewed some of the earlier literature
on tonofibrils (intercellular bridges or tonofilaments : Selby,
1955) and noted that Hoepke (1927: 8) as well as others,
long before the electron microscope, suggested, ^^ . . that
the tonofibrils do not run from ceil to cell but extend slightly
beyond the cell membrane through the intercellular space,
where they would join with tonofibrils from a neighboring
cell/' The relationship of tonofibrils to desmosomes has been
summarized brieñy by Hay (1966) and by Ödland (1966).
Our own observations on tonofibrils (prekeratin fibrils) on
the chicken as well as studies made by Miszurski (1937) show
clearly that such fibrils extend far beyond the limits of a
single cell (fig. 383 and text p. 605).
The corneum has a thickness of about seven to eight cells.
This estimate was made by counting nuclei, stained dark
brown in Unge witter's (1951) urea-silver nitrate technique.
Beyond the corneum is a distinct periderm that as yet has
not been lost ; however, in the fixed material it is generally
separated from the underlying corneous cells.
The following color contrasts make the corneum readily
identifiable :
Stain

Periderm

Corneum,

Giemsa
green
mauve.
Hematoxylin and eosin
light yellow-brown deep red.
Ungewitter's silver technique.. . dark brown
light brown.

Giemsa's stain gave the most striking contrast. The periderm is a very thin layer of flattened cells, but because it
usually falls over in the cut section, it may appear as broad
as the section is thick. The embryology of the epidermis
(epitrichium) as well as the other layers of the epidermis has
been described by Jeffries (1883).
Louvier (1937) stated that the three divisions of the
mesodermal part of the comb w^ere fully established during
the last week of embryonic life. The description that follows,
based on our own examinations of the comb at 1 day posthatching, will be compared with the layers described by
earlier authors.
The most difficult problem is to determine what is properly
dermis and what is subcutis. This distinction was relatively easy to make in those sections of skin where there w^as
an elastic lamina; therefore, an effort was made to locate
this tissue membrane in sections of the comb at different
ages. It is definitely absent from within the comb at any age;
however, at 1 day of age, vague suggestions of such a layer
were noted on the far lateral margins of the comb plate or
still more laterally under feather follicles adjacent to the
comb plate. By projecting the location of this layer medially,
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we presumed it w^as correct to regard the dense connective
tissues as belonging to the deep dermis and the loose connective tissue below this as belonging to the subcutis. Both
may contain fat cells, but such cells are much more abundant
in the subcutis.
The boundary between deep dermis and subcutis is not
precise. The deep layer of the dermis swings up inside the
comb even at the earliest stages of its development, and at
1 day posthatching, the subcutis may contribute some
fibers to the central layer of the comb. The subcutis is not
always represented in the central layer in all parts of the
comb; for example, in our sections, the subcutis did not
reach into the blade, and sections of the points may or may
not include subcutis. This difference can be illustrated in the
central layer of the adult comb; in figure 326, both deep
dermis and subcutis are represented, whereas in figure 328
only deep dermis is present.
Everything central to the intermediate layer is ^^ central
layer/' the term used by Hardesty (1931) and by Louvier
(1937). Earlier, Smith (1911) referred to it as the central
core. Champy and Kritch (1926) and Wodzicki (1929) called
it the axis of the comb; Wodzicki (1929) also referred to it as
the axial layer; Hardesty (1931) and Lawrence (1963) used
the term ^^core"; and Hardesty also used the term ^^ central
core." Louvier (1937) designated the large vessels carried
by this tissue as axial vessels and as central vessels.
Probably the best means of distinguishing the dermis from
subcutis is by the density of the collagenic tissues. Those in
the dermis are usually strong, compact bundles, weaving
in and out in various directions, and those in the subcutis
are loose, far apart, and often replaced by adipose tissue.
Large vessels may be located both in the deep dermis and
in the subcutis.
This digression, to distinguish between dermis and subcutis, w^as necessary before beginning a description of the
subepithelial tissues of the 1-day-old chicken. The identity of
the three layers of the dermis as described by Hardesty (1931)
and Louvier (1937) in the embryo are vaguely defined indeed
at 1 day posthatching. Recognition of these layers involves
some knowledge of the layers in the comb of the mature bird
as illustrated in figures 326 and 328. These illustrations show^
(1) a superficial layer, crowded with large and small capillaries; (2) an intermediate layer of loose connective tissue,
the meshes of which are filled with mucoid; and (3) a central
layer composed of dense dermal connective tissue and large
blood vessels. If a subcutis also is present, fat and loose
connective tissue will be abundant.
At 1 day of age, blood vessels from the right and left sides
of the comb plate enter the base and course toward the
apex (fig. 324). Most of these have the characteristics of
small arteries or arterioles that bear numerous periarterial
muscles. The muscles are distributed along the vessels so
that the spaces between the muscles are approximately equal
to the width of the muscles. The vessels lie at the periphery
of the central layer and progressively subdivide as they cross
the intermediate layer so that small capillaries are about the
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324.—One point from a comb of a day-old Single
Comb White Leghorn Chicken that has been injected to
reveal the distribution of blood vessels. The point shown is
next to the last in the series. The comb was severed close to
the head. Peterson et al. (1965) perfusion technique.
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only channels present in the superficial layer. These capillaries are without pericapillary muscles. Sinus capillaries are
anticipated by their position rather than by their morphology.
Large nerve trunks are to be found associated with the
large blood vessels but not necessarily paralleling them.
The comb is supplied by the external branch of the first
division of the trigeminal (Wodzicki, 1929: 352). As the
nerves subdivide, the number of axons in each bundle become
fewer, and before they penetrate the epithelium, this process
has continued so that each axon is now separated from those
adjacent to it. We assume that axons in the epidermis are
sensory. The termination of these axons in the epidermis is
shown in figures 325, A and B. The axons enter the epidermis
between the basal cells. Sometimes the fibers can be traced
as far as the transitional cells just below the corneum. In
some instances the axon appears to end in a small knob,
but this appearance can be produced also by a change in
direction of the fiber. Most fibers appear to terminate without an increase in diameter, but sections are not particularly
well suited to a study of this sort.
Voitkevich (1966: 251) in his review of literature reported

that nerves do not penetrate the epidermis of the skin but
remain in the dermis. We, also, have not observed them in
the skin epidermis, but in view of the facts that they are
present in the comb epidermis and that the nerve terminals
in the avian epidermis are very difficult to stain, there
exists the strong probability that nerves are present in the
skin epidermis as in the comb epidermis.
Avian lamellar (Herbst) corpuscles are found occasionally
in the tissues of the central layer but not in the dense tissues
of the superficial layer.
The dermal connective tissues at the lateral edge of the
comb plate change character abruptly at the point where
the plate meets the feather muscles; the dense dermis of the
plate is as thick as the combined stratum compactum and
stratum laxum of the feathered area, including as well the
muscles that these two strata contain. The dermis of the
plate has the same structural character as the superficial and
intermediate layers inside the comb ; these layers retain their
organization as they pass around the indentation at the
junction of plate and comb and swing toward the apex. The
central layer is composed of loose connective tissue; the
fibers at the periphery of the central layer appear to come
from the lower part of the deep dermis of the plate and, as
these fibers change direction to enter the comb, the dense
collagenic bundles separate. The inner portion of the central
layer contains even less dense connective tissue, and these
fibers are continuous with those of the subcutis. Some of these
fibers in sheets produce a strongly waved pattern. Swirls of
moderately dense connective tissue from the deep dermis
form the periphery of the central layer at the border of the
intermediate layer. These sheets of fibers push into this layer
in irregular fashion, and narrow strands cross both the
intermediate and superficial layers to terminate near the
epidermis. Thus there is no sharp boundary between the
dermal tissue on the periphery of the central layer and the
intermediate layer. Most of the collagenic fiber bundles in
the intermediate and superficial layers course lengthwise
through the comb and thus parallel the surface; in cross
section they appear as dots. The radially arranged fibers have
already been mentioned. About the only significant number
of fibers extending as sheets in the plane of the section are
those already mentioned at the periphery of the central layer.
Elastic tissue is moderately abundant in the comb.
Scattered fine fibers are present in the central layer, some
pass diagonally across the intermediate layer, and many
follow the radiating collagenic fibers. They are particularly
abundant between the tip of the central layer and the crest
of the comb.
The superficial layer shows a greater density of longitudinal
and radiating collagen than does the intermediate layer.
A large number of capillaries is present, none of which
allow more than the passage of single blood cells. The intermediate layer is identifiable by the increased looseness of
the connective tissues and the decreased number of longitudinal collagenic fiber bundles; therefore, this portion of the
dermis stains less intensely than the superficial layer and is
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less cellular. The loosening of the connective tissues may be
antecedent to the formation of mucoid in the meshes some
weeks or months later (depending on the sex of the chicken).
7 to 21 days.—Cross sections were made through the comb
at various levels: (1) anterior to the points; (2) through the
anterior point; and (3) through the last point (usually the
fourth or fifth). Three ages were studied—7, 14, and 21 days.
At the oldest age, midsagittal and parasagittal sections
were made through the entire length of the comb. The
histology of these sections has been dealt with collectively
because it is similar for these three ages. Louvier (1937)
studied the morphology of the comb at 8, 15, and 21 days as
well as at older ages. He also noted that no significant
structural changes occur during this age span.
At 1 day of age as well as in the late embryo, the differences
among the tissues are sufficiently distinctive that layers can
be identified, but by 7 days posthatching, most of the
connective tissues become so dense that identification of
layers is nearly impossible.
At the anterior end of the comb preceding the first point,
all of the loose connective tissues of subcutis are as dense
as those of the dermis so that any separation between them
is sometimes entirely arbitrary. At 14 days there is a slight
difference in density between the two layers. The peripheral
boundaries of the central layer can be identified by the large
vessels coming from the right and left sides of the comb plate.
The dense tissues of the lower part of the deep dermis, besides participating in the support of the nutrient arteries just
referred to, merge on their peripheral side into the inter-
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mediate layer. The superficial layer is distinguishable by the
large number of cells and small capillaries and is a relatively
narrow zone. The epidermis increases in thickness considerably between 1 and 7 days of age. The irregularity of the
basal surface suggests the papillary contour of the mammalian skin. Wodzicki (1929) used the term "papillary layer of
the derm" in describing the superficial layer of the adult
comb.
At 7 days the subcutis directly beneath the comb is only
sUghtly less dense than the dermis, but laterally under the
comb plate it changes to the loose connective tissue of the
typical subcutis. Sections made vertically through the first
point of the comb at 14 and 21 days show now a subcutis of
loose connective tissue.
The presence of muscular arteries again marks the peripheral boundary of the central layer, but at 7 days the
density of connective tissues is the same in the central layer
as in the adjacent intermediate layer. Most of the collagenic
fiber bundles course lengthwise. Histologie differences marking the layers are only very slightly greater at 14 and 21
days than at 7 days. The epidermis remains approximately
the same at the three ages, and the lateral furrow between
comb and comb plate is still clearly defined.
A transverse section through the last point of the comb
reveals a sequence of development in the central layer between 7 and 21 days. The subcutis is largely adipose tissue,
and at 7 days it bypasses the base of the comb completely
with only a few fibers turned toward the central layer.
However, by 14 days, the adipose tissue of the subcutis has
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325.—Sensory nerves terminating in the epidermis of the comb. Single Comb White Leghorn Chicken, 1 day of age.
Unge witter (1951) urea silver nitrate technique.

A, nerves shown exactly as they appeared through the thickness of a
10-M section. Multiaxon nerve bundles are found only in the dermis.
Only single axons were observed in the epidermis.

B, schematic reconstruction of an axon in the epidermis based on a
study of several shdes.
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pushed into this layer about half way toward the crest of
the comb and carried with it adipose tissue and a few vessels.
The many vessels at the periphery of the central layer are^ as
before, supported by the connective tissues of the deep
dermis. Bundles and fibers in the sheets of coUagenic tissues
of the deep dermis interweave among themselves. Some of the
bundles continue to form the radiating fibers in the intermediate and superficial layers.
At 21 days the contribution of the subcutis to the central
layer is about the same as described for 14 days of age,
except that the subcutis is pushed farther into the comb.
It still carries adipose tissue. Numerous large nutrient vessels
are present in the deep dermis. In our material there was an
unusually large amount of infiltrated lymphoid tissue, which
formed intravascular plugs. These plugs produced encapsulated focal areas and extensive perivascular areas. The cells
were generally of the small lymphocyte type. Skin samples
taken from various parts of the body have often shown extensive lymphoid lesions, and probably the same factors or
agents producing this reaction in the skin generally are also
responsible for its development in the comb.
Also by 21 days a downward swing of the lateral margins
of the comb plate had begun that tended to bring the right
and left sides of the plate toward the midline and under the
comb. This reduced the size of the subcutis layer below the
comb. Another development at 14 and 21 days was the
extensive vacuolization of the epithelial cells, especially in
the intermediate layer of the germinativum. An example of
this kind of vacuolization is shown in figure 299, page 496,
marked by the asterisk. At 14 days most of the cells involved
are in the basal layer, but at 21 days most are in the intermediate layer. Some of the largest vacuoles contain acidophilic granules. This reaction appears to be associated in some
way with epitheha generally. More than a year after these
studies were made, we discovered that the vacuoles of the
comb epidermis contain secretion spheres (fig. 408, p. 634)
similar to those found in the oil gland.
The longitudinal section of the comb confirmed the conclusions based on cross sections, naiTiely, that the subcutis is
limited almost entirely to the base and body of the comb in
its middle region. Louvier (1937) found adipose tissue primarily in the middle and posterior parts of the comb.
1 month to formation of rmicoid.—Louvier (1937) has supplied the information for this period for the male; the mucoid
appears at a younger age in the male than in the female. At
1 month the capillaries of the superficial layer have increased
to the extent that the comb is slightly red. The spaces between the fibers of the intermediate area have grown larger,
although no mucoid has yet appeared and a distinction between male and female combs can be made at this age; the
female comb is changed but little from that described at
hatching.
At 5 weeks the intercellular spaces of the intermediate
region show a small amount of stainable substance in the

Bresse noire^^ but not in Leghorns. Louvier asks the question:
Had the mucoid been present earlier but of >such a chemical
nature that it could not be stained? The mucoid first appears
as small islands. The male leghorn first shows mucoid at 6
weeks or when the comb becomes 20 mm. long. The mucoid
appears first at the base of the intermediate region, not at
the tip. Champy and Kritch (1925a) stated that the mucoid
appeared in a cockerel of 170 grams and, like Louvier (1937),
that it began at the base and progressed toward the tip;
in a cockerel of 300 grams it was well developed throughout
the comb (neither breed nor age were stated). Louvier did
not mention when mucoid appeared in the female, but according to Ghampy and Kritch (1925a, b), it is present
during lay but disappears when the bird goes out of production. Hardest y (1931) confirmed this and provided data
on the differentiation of the intermediate and superficial
layers; the comb of the female at 6 weeks is nearly the same
as at hatching for these two layers. The capillary network
begins to develop at 2 months of age and is complete by 3
months. At 4 months the connective tissues of the intermediate layer are somewhat loosened, and some infiltration
with mucoid begins. This progresses during the 5th month.
During thB 6th month the mucoid increases and reaches its
full development by the 7th month at the beginning of lay.
Smith (1911) noted that the size of the comb of the female
increased during lay and decreased when the hen was out of
production, whereas in the male, after the initial increase, the
comb remained fairly constant in size. He attributed the
change as due to an accumulation of fat in the *'^central
core" and was not aware of an intermediate layer.
Adult.—The organization of the tissues, typical of the
adult comb, is shown in figure 326, a section at low magnification taken through the base of the comb parallel to the
surface of the head. The central layer is composed of two
parts; at the periphery on each side is dense connective tissue,
derived chiefly from the lower part of the deep dermis.
Evidence for this was gathered from a study of young posthatching stages described earlier. The inner mass of adipose
tissue is part of the subcutis. It contains SOITLG large, thinwalled vessels/but most of the large vessels lie at the periphery in the dermal portion of the central layer where many
vessels of medium size are present also, chiefly in the part of
the dermis adjacent to the intermediate layer. From the
dermal portion of the central layer, strands of connective
tissue penetrate radially into the intermediate layer.
The intermediate layer is part of the stratum profundum
and is by far the broadest part. It is composed of loose

collagenic and elastic connective tissues with large interi<^ Louvier's (1937) studies included this breed as well as the Leghorn
and Orpington. According to Tegetmeier (1873), La Bresse came from
a region of this name in Burgundy, France. They were plump birds of
small bones (averaging 6 lb. 12 oz.)j short legs, and had spots of gray
on white and a single comb. The tendency to fatten early made them
popular at the time Tegetmeier was writing.
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326.—Horizontal section through the base of the comb of an adult male Single Comb White Leghorn Chicken.
Zenker-acetic fixation. Giemsa stain.

tissue spaces (fig. 327, A) filled with mucoid (fig. 327, B).
The term "mucus" is usually applied to the substance produced by unicellular gland cells (goblet cells) and by the
numerous mucous glands of the body. Mucus has an intracellular origin. Mucoid is extracellular, but whether it is
derived in the comb from the connective tissues, the fibroblasts, or other adventitial cells, or by transudation of
mucin from blood serum is unknown. Champy and Kritch
(1925a) stated that it was formed by stellate cells, the
cytoplasm of which, filled with enormous vacuoles, was reduced to a network of extracellular mucoid filling the spaces
between fibers. Hardesty (1931) expressed the following
opinion (p. 291):
There is no positive proof that the mucoid is secreted by the
cells of the intermediate layer. Indeed, there is as yet no proof
that the intercellular substance of any connective tissue is secreted
by the cells of the tissue. Neither increased size nor the presence of
granules or globules can be used to indicate secretory activity on
the part of these cells.

Berdnikoff, in Champy's laboratory, made some preliminary studies on the chemical properties of mucoid (Elkner

and Slonimski, 1930: 263). It is soluble in weak alkahes and
does not include a hydrocarbon group, which eliminates the
glycoproteins. It is rich in phosphorous, but does not include
purine bases. Berdnikoff and Champy suggested that it may
be a paranuclein that deviated from this group of substances
by its high phosphorous content. Ludwig and Boas (1950),
impressed by the fact that androgen-treated combs showed
several signs of fibroblast metabolic activity such as large
size, abundance of cells, strong basophilia of cytoplasm, and
increased alkaline phosphatase, suggested that fibroblasts
elaborated mucoid, but found no intracellular metachromatic
material.
Although Szirmai (1956) did not investigate the source of
the mucoid, he did establish some of its physical and chemical characteristics, namely that (1) under phase contrast
microscopy, mucoid is homogeneous rather than granular;
(2) mucoid is metachromatic but PAS negative; and (3)
mucoid is a hexosamine compound, namely hyaluronic acid,
which is responsible for the metachromasia as well as the
strong water-binding property. The water content of the
fibromucoid layer was 90 to 94 percent, but from the capon
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FiGURE 327.—Small area of the intermediate layer from the comb of an adult Single Comb White Leghorn Chicken.
A, area selected to show the collagenic and elastic fibers remaining
after the mucoid tissue has been dissolved during processing, resulting
in large interfibrous meshes.
B, an area similar \,Q A.B was fixed in alcohol and stained to show the

mucoid in the fibromucoid tissue. The collagenic fibers shown in A are
indicated, but they are poorly fixed and stained by this technique. The
mucoid is supposed to be homogenous, but some granularity developed
in processing.
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comb it was 75 percent. Boas (1949) earlier identified
hyaluronic acid in the comb of the cock and suggested that it
probably was responsible for the metachromasia. Balazs et al.
(1959) reviewed the literature on the chemistry of mucoid
and noted that in addition to hyaluronic acid, a small
amount of sulfated mucopolysaccharide was present. According to Schiller and Dorf man (1956), this is chondroitinsulfuric acid (CSA) with a ratio to hyaluronic acid of 1 to 15.
The CSA appears similar to that found in rabbit skin.
Painting testosterone on the comb of the cockerel for 7 days
beginning at 1 day of age increased the hexosamine content
of the comb three- to fourfold over the controls (Schiller
et al, 1952), which supports the histologie investigations of
many earlier studies that demonstrated the rapid growth
effect of male hormone on the comb. Szirmai (1957) reviewed the suggestions that a relation existed between tissue
mast cells and ground substance formation. He found that
the mast cells had the same distribution in capons and males.
An attempt was made by Balazs et al. (1959) to localize
the sites of hyaluronic acid formation in testosterone-treated
cockerels and capons by injecting them with a glucose solution containing carbon.^^ They found from autoradiography
of tissues incorporating C^^-glucose that the grain density
was greatest at the central border of the intermediate layer
where (as we observed from our studies of the histology) are
located the dense connective tissues of the deep dermis at the
periphery of the central layer. Grain density was less in the
ñbromucoid tissue of the intermediate layer of the dermis.
Balazs et al. (1959: 325) suggested ^'. . . that significant
incorporation of the precursor occurred in some component
of the collagen fibers or in substances adjacent to it^' and so
concluded, '^Consequently, it may be assumed that the
glucose precursor is also utilized in the formation of other
carbohydrate-containing compounds closely associated with
the collagen fibers, probably glycoproteins.'' Heavy blackening over the epithelium indicates that C^ ^-glucose was
metabolized in this tissue also and perhaps to a greater
degree than in the fibroelastic tissues. After their use of
S^ö04, Mancini et al. (1960: 439) suggested that: ''These
findings point to the ability of the fibroblasts of the cock's
comb to respond to the stimulus of androgenic hormones, and
therefore to their active participation in the process of
mucoid transformation of fibrous connective tissue.'^
Champy and Kritch (1925a, 1926) used the term "mucoelastic'^ to describe the tissues of the intermediate layer. Our
examination of this area led us to question the appropriateness of the term. Champy and Kritch's illustrations and
descriptions agreed with our findings that elastic tissue was
scarce in relation to collagenic tissue. Moreover, these
authors did not find that the elastic tissue played any special
role in the elaboration of mucoid. Our reactions to this

terminology were anticipated years earlier by Elkner and
Slonimski (1927) who carefully reviewed the problem.
They stated (p. 268) :
... le tissu muco-élastique de Champy et Kritch ne diffère en
rien, du moins au point de vue de ses éléments cellulaires, du tissu
conjonctif, tel qu'il se rencontre dans d'autres endroits du corps de
Poule. Les caractères spécifiques du tissu muco-élastique résident
uniquement dans sa substance fondamentale, qui est de nature par
excellence, mucoide.^^

They suggested (p. 277) :
Etant donné que les fibres élastiques n'y dominent pas, il nous
semble préférable de donner à ce tissu plutôt le terme de tissu
fibro-mucoide qui souligne ainsi le caractère fibreux et mucoide du
tissu en question.^2

Elkner and Slonimski in 1930 used the term^'fibromucoid''
without the hyphen, and this is the form in which we have
used it in these studies. Furthermore, this term is in harmony
with other words examined in various dictionaries in which
fibro- is used as a prefix. Wodzicki (1929) confirmed Elkner
and Slonimski's (1927) histologie structure of the intermediate layer and adopted their term, ^^fibro-mucoid.'^
It is difficult to establish a sharp boundary between the
superficial layer of the dermis and the intermediate layer
(figs. 326, 328, and 329) unless the superficial layer is packed
with capillaries. Wodzicki (1929: 350) recognized the fact
that the intermediate layer belongs to the deep dermis and
the capillary layer belongs to the superficial dermis.
The superficial area of the comb {stratum superficiale)
develops sinus capillaries when the comb changes in color
from yellow to red. The capillaries adjacent to the epithehum
are especially large and numerous (fig. 329). Below these,
they may decrease in size. Small arterioles as well as small
veins are present.The subepitheHal sinus capillaries are devoid
of pericapillary muscles in contrast to their morphology
in body skin. The sinus capillaries as well as smaller vessels
are firmly supported by abundant, closely packed collagenic
and elastic tissue. As noted by Elkner and Slonimski (1927),
considerably more elastic tissue occurs in the superficial layer
than in the intermediate layer.
The epidermis has been so fully described in the younger
stages that it is unnecessary to discuss it again for the adult
"Translation: ... it is seen that Champy and Kritch's mucoelastic tissue does not differ at all, at least from the point of view of
its cellular elements from the connective tissue as it is found in other
parts of the body of the fowl. The specific characteristics of the mucoelastic tissue reside solely in its basic substance, which is typically
mucoid in nature.
12 Translation : Given the fact that the elastic fibers do not dominate,
it seems to us preferable to give to this tissue rather the designation
of fibro-mucoid tissue, thus underlining the fibrous and mucoid nature
of the tissue in question.
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328.—Horizontal section through the comb blade of an adult male Single Comb White Leghorn Chicken. The posterior
end of the comb is toward the left. The central layer is composed entirely of deep dermal tissue; none of the subcutis has
penetrated the comb in this area.

FIGURE

chicken, except to mention the basement membrane as
revealed with PAS. Wherever this membrane had been
studied previously, it appeared as a thin line of uniform
thickness intensely colored, but in the comb of the adult its
boundary is obscured because the intensity of staining of the
basement membrane and of the adjacent collagenic tissues is
the same. Its width, therefore, appears to vary, and in most
locations it is much wider than we had come to regard as
typical. We assume that the confusion arises because collagenic fibers are so closely adherent to the basement membrane that the separation is not visible. The same intensity of
staining is to be found as a thin line surrounding the sinus
capillaries, but we could not determine if the line was the
endothelium, a basement membrane beneath the endothelium,
or fibers of adventitial tissue.
Although terminal vessels were mentioned above, we have
not yet discussed the origins of the major vessels to the comb.
Wodzicki (1929) and Louvier (1937) observed that the blood
supply to the comb was carried by cutaneous facial and
ethmoid arteries. Our studies are partially in agreement. We
have followed Richards' (1967) terminology for arteries. For
some vessels the names are different from Louvier's. The
ethmoid artery supplies the most anterior part of the comb.
The ethmoid is a forward continuation of two arteries that
come together in the region of the eye, namely, the supraorbital branch of the external ophthalmic and the cerebral
ophthalmic. The supraorbital branch of the external ophthalmic, by way of an artery, originating near the origin of the

external ophthalmic, forms a plexus at the posterior end of
the comb and on the adjoining crown of the head. One branch
from the plexus just mentioned continues forward within the
base of the comb, and a branch directed forward meets and
anastomoses with the caudal extension of the external facial
artery—the cutaneous facial artery of Wodzicki (1929) —
to supply the blade of the comb.
The external facial artery carries the major supply of
blood to the comb. As described by Sapy (1941: 11), the o.
facialis {externa Gadow) is the strongest terminal branch
of the external carotid artery. The a. facialis arises beneath
the quadrate and proceeds dorsally to the corner of the
mouth where a branch is supplied to the maxilla. Continuing
forward, the external facial artery provides branches to the
masseter muscle, the lacrimal [prefrontal] bone, and the
lower eyelid. After crossing the surface of the lacrimal [prefrontal] bone, the artery proceeds toward the nostrils and
sends branches to the edge of the beak. In addition, a strong
branch extends dorsally to the skin of the forehead, then
caudally along the base of the comb. Numerous radiating
branches from the intracomb part of the external facial
artery supply the body and points of the comb.
Neugebauer (1845: 539), Gadow and Selenka (1891: 788),
Kaupp (1918: 238), Bodrossy (1938: 20), and Richards
(1968: 226) have identified the veins draining the comb.
Information supplied by these authors presents some differences in terminology and in observation. If one follows
the guidehnes of the International Anatomical Nomencla-

COMB
ture Committee (1956), then an ethmoid vein, an external
facial vein, and a supraorbital vein accompany arteries by
the same names. Blood from these terminal collecting veins
flowed toward each jugular vein. The veins do not always accompany each of the subdivisions of major arteries that
furnish blood to terminal arteries nor do major veins always
accompany arteries back to the origins of the arteries. The
venous return from the comb, therefore, is by way of right
and left ethmoid veins into the middorsal sinus on the dorsal
surface of the brain and into the ophthalmic complex of veins
on the ventral surface. The latter complex continues to the
sinus cavernosus. The external facial vein drains into the
anterior cephalic vein (an anterior prolongation of the jugular
vein).The supraorbital ramus of the external ophthalmic vein
empties into the venous temporal rete, and the blood, by
diverse pathways, reaches the jugular vein.
In addition, an extensive system of arteriovenous anastomoses was mentioned briefly by Louvier (1937) and
described in detail by Wodzicki (1929). The latter author
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reviewed the earlier literature, particularly the work of
Schumacher (1915) and Clara (1925) with whom Wodzicki
(1929: 353) was in agreement concerning some of the
following characteristics of arteriovenous anastomoses in
other parts of the body: (1) They have thick walls, (2) lack
an inner elastic membrane, (3) show an endothelioid modification of the muscle fibers, and (4) have a star-shaped
lumen. However, not all of the above are always present.
Some vessels are relatively simple; their muscle fibers may be
considerably shorter than is typical for other blood vessels,
and the nucleus may be oval or even round. In the wattle of
a cock, it was observed also that an artery may join a vein
directly and then subdivide into a venous network, but the
greater part of the arterial blood, after joining the vein,
continued on without passing through a venous network. This
was illustrated in Wodzicki's figure 9. He also observed that
often the typical vascular pattern was followed, consisting of
artery, arterioles, and capillaries that drained into the
venous system. In other cases, arterioles joined venule
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329.—Section from the comb shown in figure 326 enlarged to reveal details of the epidermis. Superficial layer has
small capillaries and sinus capillaries.
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directly without an intervening capillary bed (Wodzicki,
1929: fig. 8). Staubesand's (1951) plastic reconstructions of
vessels in the comb confirmed that capillaries arose from
some A-V anastomoses and were absent from others.
In view of the large flow of blood through the comb and
wattles, stagnation could develop in the very large, thinwalled veins. Wodzicki suggested that the flow through the
A-V anastomoses prevents stagnation by acting as a regulator
of pressure in the veins. In addition to this function, Schumacher (1915) considered that the presence of A-V anastomoses in the toes of birds prevented great losses of heat, and
Wodzicki (1929) considered the same to be true for the comb
and wattles. Temperatures of extremities, especially the
bottoms of the feet in contact with ice, snow, or other cold
surfaces, may drop to 0° C. (Irving, 1966). The shunts of the
A-V anastomoses send arterial blood to the vein to partially
warm the cold blood coming from the capillaries. On the
other hand, when heat has developed from high metabolic
activity accompanied by a high environmental temperature,
then unshielded capillaries liberate heat and again the A-V
shunts will tend to hold the venous temperature down to
the arterial level.
The vessels in the central layer are large and numerous,
whereas the arteries crossing the intermediate layer are small
and far apart (fig. 330). Wodzicki (1929) accepted the
hypothesis by Champy and Kritch (1926) which suggested
that the blood flow through the sinus capillaries was regulated

by the small vessels passing across the intermediate area.
Because they found that the comb has neither helicine
arteries nor sphincters, they suggested that the androgenic
hormone, which brings about the development of mucoid
and binds the water, also produces turgidity of the tissue.
This swelling compresses the thin-walled veins crossing the
intermediate space to a greater degree than it does the more
rigid arteries, thereby establishing a congestion of blood in
the sinus capillaries. After caponization in the cock or after
cessation of laying in the hen, there is a dissolution of mucoid,
the turgidity is lessened, the blood drains without restriction, and the comb becomes pale.
A study of small vessels and capillaries of the comb after
they have been perfused with a carbon suspension has led us
to question the anatomical basis for the hypothesis. Capillaries have various patterns that are determined in part by
the approach of arteries and return of veins to and from the
capillary bed. This has been reviewed by Wislocki (1940) and
by Scharrer (1940) who observed one type of pattern in
marsupials and another type in higher mammals. In the
latter, the capillary bed lies between the artery that supplies
it on one side and the vein that drains it on the opposite side.
In the opossum, however, the veins closely parallel the
arteries; the capillaries, in the form of nonanastomosing loops,
unite the ends of arteries with veins.
In contrast to both of these patterns, the large sinus
capillaries of the chicken comb are so closely packed that
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330.—Stereogram of a comb point from a male Single Comb White Leghorn Chicken, 377 days of age, showing the
organization of the blood vessels. The square enclosing a portion of the point has been included for orientation. Peterson et al.
(1965) perfusion technique. (For a diagram of the blood vessels in the comb, see Lucas, 1970, fig. 3.)
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WATTLE
nearly half the area immediately beneath the epithelium
is occupied by blood. The capillaries lie in a plane parallel to
the surface of the comb and here form an extensively connected anastomosing network without indication of polarity
or without any indication that arterioles and venules are
connected with the system. This is because a second system of
capillaries is interposed between the peripheral sinus capillaries and the terminal arteries and veins. The deep capillaries (the second layer) form an open network of small
vessels, which are widely spaced, relatively long, straight,
and narrow. Examples of these are seen in the stereogram
(fig. 330) and in the comparable pattern from the wattle
(fig. 335, p. 551). In the latter, the small vessels below the
sinus capillaries are fightly shaded. (See also the diagram by
Lucas (1970: fig. 3.))
The anastomoses of the deep, small capillaries are just as
complete as are those of the sinus capillaries above them.
The capillaries of the deep layer make connections with the
precapillary arteries and veins. These course directly across
the intermediate layer with some branching. Some A-V
anastomoses and some capillaries run close to the main
vessel. Adjacent to the central layer some arteries branch
and veins unite before connecting with the large vessels in
in the central layer.
The vessels crossing the intermediate layer are almost entirely arteries; they are single vessels, not paralleled by veins.
There are many large veins in the central layer, but their
tributaries seem to be confined mostly to the anterior and
posterior edges of a comb point. There are many very small
arteries and a few, but large, collecting veins. There is no
morphologic evidence that either arteries or veins are
collapsed by the mucoid substance, but rather that the
flow is regulated by the muscularity of walls of the terminal
arteries and veins and the deep capiUaries. The walls of the
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sinus capillaries have no muscular elements, but the deep
capillaries are of two types, some with muscular elements
in the waUs and others without.
Therefore, as an alternate to Champy and Kritch's (1926)
hypothesis, we suggest that the regulation of stasis and of
blood flow in the sinus capillaries is by the constriction aud
relaxation of small vessels of capillary size in the deep layer,
backed by the contractility of the terminal arteries and veins.
This hypothesis is based solely on the anatomy of the vessels
(fig. 330). It could function in this way: Blood from an
artery in the central layer gives off branches across the intermediate layer. These vessels subdivide into small terminal
arteries with a single layer of periarterial muscles. These join
the deep capillary layer, the vessels of which may have
periarterial muscles also. At this level the blood is free to
flow to any part of the capillary network and by means of
innumerable connections finds its way to sinus capillaries of
the subepidermal region. Upon filling a sinus capillary a
temporary condition of stasis is estabhshed. A counter pull
against this condition is set up by the flow through A-V
anastomoses. This flow establishes a pressure less than that
in the sinus capillaries. The blood cells trickle out of the
sinuses through the deep capillaries, through a vein crossing
the intermediate layer, and to a large vein of the central layer.
Constriction of terminal arteries to the deep capillary layer
with opening of the A-V anastomoses would augment drainage from the sinus capillaries. Constriction of terminal veins
and the deep capillaries immediately connected to them
would inhibit drainage, and hence blood from the arterial
side would be piled up in the sinuses.
Obviously, this hypothesis as well as any other must be
tested by experimentation. The comb, wattles, or rictus offer
excellent material for a variety of studies in the field of
capillary physiology.

WATTLE
Gross Morphology and Histology
Something resembhng the wattles of chickens may be
found in a few species of passerines, the recently extinct Huia
{Heteralocha acutirostris), the Wattled Crow (Callaeas
cinérea), the Saddleback (Creadion carunculatus), the Wattled Starling {Creatophora cinérea), and the Dumont's Mynah
(Mino dumontii) (Austin and Singer, 1961; Thomson, 1964).
The wattles in these examples are naked, flaplike extensions
of the rictus, whereas in the chicken they are pendant from
the lower margin of the mandible.
In the Silkie Bantam (fig. 323, B), a dewlap or median
wattle is suspended from the interramal and submalar regions
as wefl as from the midventral line of the upper neck. A
dewlap (throat wattle) is present in all varieties of domestic
turkeys as well as in the Wild Turkey (Meleagris gallopavo).
Almost without exception, wattles of the male chicken are
larger than those of the female. In some crested breedsPolish, Houdan, Crevecoeurs, and Faverolles—the skin of
the face is heavily feathered to produce muffs, a group of con-

tour feathers located between beard and earlobe. Usually the
earlobe is small and featherless. The beard of the chicken is
produced by the development of long feathers in the interramal and submalar regions. Usually the wattles are not
feathered, but when they are large and pendant, as is often
the case in old males, their upper ends appear to bear a coat
of feathers. This is because they pull downward the feathered
skin of the malar and submalar regions.
Louvier (1937) has given a detailed chronologic account
of wattle growth in chickens both in the embryo and after
hatching; the f oho wing is a summarization of his data: On
the 9th day of incubation a white line is present in the
location of the future wattle, along the inferior margin of
the jaw, but dermal and epidermal modifications have not
yet developed. A day later the number of capillaries in the
dermal tissues increases, and by the 11th day, the anläge of
the wattles is evident as a slight elhptical protrusion (3 mm.
X 1 mm.). Feather buds are present around the wattle area,
but none are located on the wattles themselves. On the 12th
day the wattles are 4 mm. long, 1 mm. dorsoventrally, and
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0.5 mm. thick. These dimensions increase gradually so that
at hatching they are 10 mm. long, 3 to 7 mm. dorsoventrally,
and 2 mm. thick. These values are higher than ours were for
the Single Comb White Leghorn at 12 days posthatching,
when they measured 7 to 9 mm. long and 1.8 to 2.5 mm.
dorso vent rally. Because the wattles on our specimens were
either not pendant or only slightly so, we were unable to
measure their thickness. None of the dorsoventral measurements mean much at these early ages because much of the
vertical dimension represents the nonfeathered area on the
outside surface of the lower jaw; the pendant part is below
the edge of the jaw and is still small, as may be noted in
figure 331 (14 days of age). It is barely 1 mm. long and even
less thick.
The epidermis of the wattle is thicker than the skin covering adjacent parts of the head; the basal cells are columnar,
and the transition layer is composed of several vacuolated
cells that are not greatly flattened. These are imbricated but
not arranged in perpendicular rows as they are in the
feathered and nonfeathered areas of the skin.
The dermis throughout its thickness is a dense layer of
connective tissue with narrow radial bundles and large

groups of fibers extending longitudinally. Transverse bundles
appear to be absent. The bundles support and enclose clusters
of small blood vessels or separate, single vessels varying in
size from capillaries to arteries and veins. Some of the larger
vessels hold a central position in the wattle as they do where
a distinct central layer has differentiated. Elastic fibers are
abundant among the coUagenic fibers, and the most conspicuous of these have a radial orientation, paralleling and mingling with the radially oriented collagenic bundles.
There is no trace of an elastic lamina in the pendant
portion of the wattle or in the medial or dorsal areas adjacent
to it; however, in nearby areas, where a feather is observed in
the section, the elastic lamina is reconstituted. In fact, on the
medial side of the wattle are three parallel elastic sheets:
the outermost, or elastic lamina, is between the dermis and
subcutis; the second is between the subcutis and a thin layer
of skeletal muscle; and the third is between the muscle and
several lobes of an oral mucous gland. Dorsal to the base of
the lateral lamina of the wattle, there is only a single elastic
layer.
About the only way one can arrive at an estimation of
dermo-subcutis junction is by projecting mentally the inter-
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331.—Transverse section of a wattle, 14 days posthatching, taken from a Single Comb White Leghorn Chicken to
show the relatively simple tissue organization at this age and some of the major vessels that lead toward the connective
tissues of the central layer. Bouin fixation. Hematoxylin and eosin stain.
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332.—Horizontal section of the right wattle of a young male Single Comb White Leghorn Chicken showing the layers
and tissues of the medial and lateral laminae and the central layer supporting both. The area within the rectangle is shown
under higher magnification in figure 333.
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rupted ends of the elastic lamina. Doing this, it appears that
the dense connective tissue belongs to the dermis, and that
the loose connective tissue below it, which supports large
vessels and nerve bundles, is subcutis. All of this leads to the
important question: Does the central layer of the wattle
represent dermis or subcutis, or do both of these contribute
to the central layer? The 14-day-old chicken is the oldest age
we have fixed and sectioned, and it does not give us a definite
answer. Study is needed of material taken at intervals up to
2 months and perhaps more; however, from what we can
see at 2 weeks of age, the subcutis pushes into the angle
formed by the folded dermis, and this loose connective tissue
supports the vessels that penetrate the axis of the wattle
(fig. 331). In the older ages, therefore, a band of subcutis
probably lies between the dermal layers of the two lamellae.
Because a wattle is a pendant fold of skin, it has a lateral
lamina on the outside and a medial lamina on the inside. The
anterior end of the wattle in the chick of 2 to 3 weeks of
age lies slightly rostral to the rictus, and the posterior end
extends caudal to it. Often in an old male, the wattle is
continuous with the rictus. The surface shows rounded
elevations or rugosities similar to those on the comb.
A cross section of a wattle in an anteroposterior direction
from a young male exhibits the same layers (figs. 332 and

333) that are present in the comb, and for this reason the
description of the histology will be brief. The thickness of the
epidermis in this specimen (fig. 333) is less than that at 2
weeks (fig. 331). In the young male, before the sinus capillaries are fully developed, a low epithelium of three to four
cells is present. Those cells of the basal layer are low and
rounded, and the intermediate and transitional layers are
single rows of cells. When the sinus capillaries are fully
developed, they are pressed against the inner surface of
the epidermis. The basal cells then become narrow and
columnar, the outer two layers of the germinativum become multicellular, and the corneum becomes thicker (fig.
334). The basal cells in figure 333 show a transition to a
columnar shape. The basement membrane is conspicuous,
and it pushes between the columnar cells. The staining with
periodic-acid Schiff reaction is almost as intense for the
coUagenic tissues of the superficial layer as for the basement
membrane, and this may contribute to the impression of
greater than average thickness for the basement membrane.
Below the epidermis is a narrow superficial layer (fig. 332)
in the young male. The sinus capillaries are relatively few
and widely scattered. The endothelial cells are thicker than
the usual endothelial lining found in these capillaries after
they become large and closely packed. The fibromucoid tissue
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penetrates this layer, and narrow capillaries are to be found
deep within the intermediate layer; therefore, the boundary
between superficial and intermediate layers is indefinite (fig.
333). Such is not the case in a fully developed male where
the sinus capillaries fill most of each papilla (fig. 334) and
even push into the epidermis sufficiently to indent it. The
lower boundary of the superficial layer is sharply delimited
from the intermediate layer. The vessels are abundant within
the papillae and are nearly absent below the sulci between
the papillae.
The fibromucoid tissue is identical with that in the comb;
the elastic fibers are widely scattered but increase in amount
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in the superficial layer where they give some support to the
blood vessels. The collagenic tissue bears the interfibrous
spaces and suitably stained preparations show the mucoid
filling these spaces; this is not a highly cellular tissue and, as
discussed on page 541, the source of the mucoid is still not
known.
The central layer is a dense collagenic tissue with scattered
elastic fibers, but more often the fiber bundles are arranged
in ribbon-shaped groups (fig. 333). Occasional small islands
of fat cells may be present, but generally, adipose tissue is
absent from the wattles. Figures 332 and 333 have been
labeled to indicate that the central layer is not part of the
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333.-Section from the lateral lamina of the wattle within the rectangle indicated in figure 332, and enlarged to show
in detail the character of the different layers. Abbreviation: c. t., connective tissue.
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334.—Anteroposterior section of a wattle lamina from an adult male Single Comb White Leghorn Chicken, 288 days
of age, showing the sinus capillaries in the superficial layer of the dermis, the broad intermediate layer, and part of the central
layer. Bouin fixation. Margolena and Dolnick (1951) stain.
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dermis, but, as in the central layer of the comb, the peripheral faces may belong to the dermis. Closely spaced ages
in the comb study made it possible to follow the contribution
of dermis and subcutis to the central layer, but not enough
equivalent material was collected for the wattle; therefore
in figures 332 and 333 the term "central layer" has been
applied to the layer of connective tissue common to both
laminae of a wattle.
Information gained from a study of the sinus capillaries
in transverse section (figs. 333 and 334) has been supplemented by carbon injections of these vessels (fig. 335). In
some specimens the capillaries were so full of ink and so
close together that it was not possible to make an accurate
drawing of them. In other cases they were farther apart, and
it was from this type that figure 335 was reproduced.
The sinus capillaries do not have a uniform diameter.
They form an anastomosing network with innumerable connections. No polarity of flow can be suggested on the basis of
morphology. If living material were examined with a quartz
tube illumination, a great deal could be learned about this
interesting capillary system. Drainage from the sinus
capillaries is by way of the deep capillaries, as in the superficial layer of the comb (p. 547). The capillaries of the wattle
shown in figure 335 are shaded lightly to show that these
capillaries lie deep in the tissue ; some connections with this

335.—Subepithelial sinus capillaries of the wattle.
A surface view of a whole mount preparation previously
injected with carbon suspension. The deeper, narrower
vessels are shaded lightly. The sinus capillaries form an
anastomosing network. Peterson et al. (1965) perfusion
technique.
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deep layer of small-diameter capillaries are illlustrated, but
in other cases, the sinus capillaries, after constricting to a
narrow diameter, are shown as cut ends of vessels.
The blood supply to the wattle, as described by Wodzicki
(1929: 355), is by way of the laciniary artery of Bauer, which
is a branch from the lingual artery. This was quoted by
Louvier (1937: 61) who added the information that the
lingual artery branched from the external carotid. Four or
five branches of the laciniary artery penetrate the central
layer. Smaller branches cross the intermediate layer to
supply the capillaries as was the case in the comb. Both
Wodzicki and Louvier observed numerous arteriovenous
anastomoses. Large lymph vessels were reported also as
present.
Many authors have applied names to the arteries in the
head of a bird, and among those reviewed by Westpfahl
(1961), the term "a. laciniaris" was not included, but nearly
all authors mentioned an a. lingualis. Westpfahl, in his own
studies, listed the a. lingualis as a branch of the a. sublingualis; this in turn as arising from the a. laryngica, which
is a branch of the a. carotis externa. He showed an a. mandibularis running parallel to the lingual artery. Our own injections and dissections closely duplicate that presented by
Westpfahl. If our identification of his vessels is correct, it

would appear that the blood supply to the wattles arises by
branches from the mandibular and sublingual arteries.
In addition, we noted that the main arterial source to the
external lamina of the wattle is a branch from Richards'
(1967: 226) inferior alveolar artery. The medial lamina is
supplied by one or more arteries. The pattern varies with
different individuals. All of the following arrangements have
been observed in our material:
1. Branches from Richards' (1967: 225) superior laryngeal artery of the mandibular ramus of the external carotid
artery.
2. Branches of Richards' (1967: 226) lower internal maxillary artery, which is a terminal branch of the external carotid
artery.
3. The superior laryngeal and the lower internal maxillary
arteries may anastomose with each other. The artery continuing forth from the point of fusion supplies the wattle.
The terminal branches and next order of larger veins are
named according to the arteries they accompany.
The nerve supplied to the wattle is the n. inframaxillaris
externus, from the third branch of the trigeminal (Wodzicki,
1929: 352). This agrees with Yasuda (1964) who noted also
that the nerves entering the wattle branched in three groups
from the mandibular nerve.

RICTUS
Gross Morphology and Histology
The location of the rictus and its boundaries was covered
in chapter 1. The rictus is organized into two parts, maxillary and mandibular, as illustrated in figúrese, page 9, and 11,
page 18. The section in figure 339 was taken across the maxillary portion, along the fine A-B of figure 336. The inner
surface of the rictus is part of the oral cavity. The outer sur-
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336.—Lateral view of the right rictus of a Single
Comb White Leghorn Chicken. The section shown in
figure 339 was taken along the line A-B.
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face shows the same modification in structure as shown by
comb, wattles, and skin of the face.
The maxillary external surface is rugose, as illustrated in
figure 339. In contrast, the lower or mandibular portion is
more nearly smooth. Sometimes there is a sharp boundary
between the two; in other specimens the lower part is not
greatly different from the upper. Surface differences involve
the dermis also; the dermis of the mandibular portion does
not respond to hormonal stimulation to the same extent as
does the dermis of the maxillary part, though scattered
mucoid tissues and sinus capillaries may be seen.
The tissue organization of the maxillary and mandibular
parts of the rictus from a chicken 14 days of age is illustrated
in figure 337. Like the wattle at this age, the separation into
dermis and subcutis is only vaguely indicated. The epidermis
is thin on the outer surface and thick on the inner. Some of the
structural changes from thin to thick are as follows :
1. An irregular pushing of basal cells into the dermis. (This
may involve isolated cells of the combined basal and intermediate layers, thereby dovetailing epidermal papillae inward and dermal papillae outward.)
2. The "intercellular bridges" become prominent among
the cells of the intermediate layer.
3. The transitional cells swell with loss of "intercellular
bridges" and greatly increase in thickness.
When the avian skin becomes thick, it takes on some of
the characteristics of mammalian skin; the formation of a
papillary layer appears to be nothing more than a means of
meeting nutritional needs that equally apply to birds and
mammals. The stratum spinosum is just as conspicuous in a
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337.—Vertical section through the rictus of a 14-day-oIâ Single Comb White Leghorn Chicken showing the undifferentiated character of the organ. A selected area of epidermis from the maxillary portion of the rictus, enclosed by the square,
is shown at higher magnification in figure 338. Bouin fixation. Hematoxylin and eosin stain.
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thick epidermis of birds as it is in a thick epidermis of
mammals; the cells of the intermediate layer are spaced
apart, and the "intercellular bridges" are distinct and robust.
Even after a hematoxylin and eosin stain, they are readily
distinguishable.
The transitional cells, in that portion of skin where upper
and lower portions of the rictus are pressed against each
other when the mouth is closed, are atypical in that the
cells are greatly swollen. The clear, nonstaining spaces in
these cells are greatly hypertrophied as are the cells themselves. These are no longer vacuoles, but have become clear
columns separated by thin boundaries extending vertically
across the cell (fig. 338). These boundaries are so prominent
that they give a barred effect to this layer of cells. The
nucleus is centrally located, and among the cells the intercellular connections have disappeared. Later in the researches
involved in preparing this chapter, it was discovered that the
partitions between vacuoles of the transitional cells were
keratin fibrils (tonofibrils) and that the vacuoles themselves
are spaces remaining after dissolution of secretion spheres
from the epidermis (fig. 405, p. 632).
The transition to the corneous layer is abrupt and yet

considerable cell structure persists. The columnar vacuoles
disappear, leaving the cell empty except for a shrunken
nucleus undergoing karyorrhexis. Keratinization appears to
be a phenomenon of the ectoplasm or of the plasma membrane or both. This opinion is based on the observation
that at the bottom of the corneous layer the shape of the
transitional cells is retained by the keratinization of their
boundaries, giving the effect of a wire-net fence (fig. 338).
Peripheral to this, the spaces within the keratin network
collapse and become the typical flat, compressed layer
characteristic of the skin. Within the transitional layer, the
cornified intercellular materials have been named the "intercellular laminae" and those in the corneum, the "corneous
laminae." The former, by a gradual transition, become the
latter.
Montagna (1952, p. 276) suggested that ". . . keratohyalin granules are usually aggregated at the poles of the nucleus." In his review of literature, he noted that nearly all
possible origins of keratohyalin have been suggested, including the cell membrane. We did not observe keratohyalin granules within the cells.
The illustration of the monkey esophagus presented by
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338.—Epidermis from the maxillary portion of the rictus of a 14-day-old Single Comb White Leghorn Chicken, within
the square indicated in figure 337. The transitional cells are swollen, and their cell bodies contain vertically oriented clear
spaces separated by thin lines. A band of cells at the upper part of the transitional layer stained more darkly than those
above or below it. In the clear layer above this, the cells were lightly stained, and the nuclei and cytosomes are undergoing
degeneration. At low-power magnification the layers labeled "Equivalent of a clear layer" and "Equivalent of a granular
layer" have some of the features of these layers in mammalian skin. From the evidence presented here, it appears that the
last step in keratinization is taking place at the intercellular spaces producing intercellular laminae. These become laminae
of the corneum. Bouin fixation. Hematoxylin and eosin stain.

FIGURE

Copenhaver (1964: 65) suggests a type of cornification in the
epidermis in which the keratinized material is first deposited
in the region of the plasma membranes. The factors inducing
keratinization are not known. Copenhaver suggested that
as the cells of the epidermis become farther removed from
the nutrients of terminal capillaries in the dermis, they
respond by keratinizing in the process of dying. On the
other hand, Miszurski (1937: 136), from his tissue culture
studies, concluded "... keratinization is not a simple
degenerative process, but is rather the final stage of a complicated process of differentiation in the covering epithelium."

There is one other point to be mentioned regarding this
material; in figure 338 it may be observed that the swollen,
vacuolated cells forming the uppermost rows of the transitional layer are slightly basophilic in contrast to the acidophilic reaction of the deeper transitional cells and the corneum above. The basophilia is concentrated at the cell wall,
which in this area makes adjacent cells stand out distinctly
and apart. These cells contain nonstaining cytoplasm, and
in spite of the fact that granules are absent in hematoxylineosin preparations, one cannot avoid the idea that this outermost layer of transitional cells is homologous with the
stratum granulosum of the mammalian skin. One is further

339.—Transverse section (along the line A-B in fig. 336) of the maxillary portion of the rictus from a male Single Comb
White Leghorn Chicken, 232 days of age. The tip of the section labeled "A" and the outside wall labeled "B" are shown at
higher magnification in figures 340 and 341, respectively. Bouin fixation. Hematoxylin and eosin stain.
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340.—Section of the free edge of the rictus at the location labeled "A" in figure 339. The epidermis shows a transition in
thickness from the external surface to the oral surface. Also shown is the transition in disappearance of sinus capillaries from
the external to the oral side. The stain is the same as that used in figure 339 except that elastic fibers have been added as
black lines from adjacent sections stained by Margolena and Dolnick (1951) technique. Abbreviation : conn, tiss., connective
tissue.

FIGURE

tempted to homologize the open netlike structure of the dead
cells at the lowest part of the corneum with the stratum
lucidum. At least this idea is in harmony with those that
place the stratum lucidum as part of the corneum and the
stratum granulosum as part of the stratum germinativum.
The dermis at 14 days of age shows little evidence of

organization into layers, and it is not possible to establish a
boundary between dermis and subcutis. The general character
of the tissue is shown in figure 337 ; in both portions of the
rictus, collagenic fiber bundles are cut crosswise in a transverse section of the head, which means that most of the
bundles run lengthwise. Some, however, course radially.
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RICTUS
perpendicular to the epithelium. Small blood vessels lie
beneath epithelium, and toward the central portion these become larger, and usually they are clustered in groups of two
or three. At this age most of the elastic fibers are concentrated
in the central area, supporting the larger vessels, and they
often form a strong supporting layer around the bone. A few
elastic fibers intermingle with the collagenic tissues in the
radially oriented bundles.
Figure 337 shows the portion of the rictus covering the
upper and lower jaws but, as may be noted in the adult
(fig. 336), there is also a lateral development of the rictus,
particularly from the maxillary part. The initial stages of
this were observed at 7 days posthatching. In cross section
the rictus is a tongue-shaped or rounded projection. Like the
part labeled "rictal fold" in figure 337, it has longitudinal and radial collagenic fiber bundles and elastic fibers
concentrated largely in the central area. The chief point of
difference is the greater number of small capillaries in the
superficial parts of the dermis in the main part of the rictus

and its lateral projection. This point of difference is well
developed by 40 days of age; the lateral projection (rictal
fold) has many subepithelial capillaries, whereas the portion
covering the upper jaw has no more relatively than it had at
14 days. The abundant capillary bed characteristic of the
upper part continues dorsally and includes the area of the
face where feathers are present. This high vascularity was
observed by Freund (1926) in the skin of the face, the corner
of the mouth (rictus), and in the neck of naked-necked
chickens. He observed it to be similar to the vascularity of
brood areas on the ventral surface of the body.
At 40 days of age in the rictal fold, there is some indication
of a distinction between dermis and subcutis; the former is a
dense, and the latter is a loose connective tissue containing a
considerable amount of fat.
The rictus of the adult chicken shown in figure 336 has a
line, A-B, drawn across the maxillary portion, and it was
in this plane that the section was made for figure 339. In
this figure the free edge of the rictus is toward the top of the
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341.—Section from the external edge of the rictus at the location labeled "B" in figure 339. Fibromucoid tissue is more
abundant here than at the free edge. Stain is the same as that used in figure 339 except that elastic fibers have been added as
black lines from adjacent sections stained by Margolena and Dolnick (1951) technique. Abbreviation: conn, tiss., connective
tissue.
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page, and the cut edge is indicated by a large bracket.
The outside surface is to the left, and the oral cavity is to the
right.
The general tissue organization is the same here as in the
comb and wattle; for this reason the same terminology has
been used, and we are faced with the same unanswered
question as in the wattle: How much is dermis and how
much is subcutis, if any?
The epidermis was described on page 552, and about all
that is needed here is to point out that its papillary character
is associated with increased thickness of the layer on the
oral side. In figure 339 this association is shown best in the
region of the line that labels the blood vessels of the central
layer. Probably the first step in the formation of epidermal
papillae is the bulging into the dermis of individual cells of
the basal layer, as shown in the upper portion of figure 340
and in the epidermis of figure 341.
The superficial layer of the dermis contains many sinus
capillaries as well as typical, small capillaries, as is characteristic of this tissue in the comb and wattle. In some preparations the sinus capillaries are not abundant, and some of the
vessel walls are thick (figs. 340 and 341). In other preparations the vessels are as numerous and thin-walled, as they
are in the wattle (fig. 334). These vessels are present only
on the external side of the rictus (fig. 339) and not on the
oral side; the transition is shown in figure 340.
Below the superficial layer of the dermis is the compact

layer, which in the adult male is occupied by loose connective tissue having spaces filled with mucoid (figs. 339 to 341).
On the oral side the mucoid is absent (figs. 339 and 340), and
areolar connective tissue fills the space between epithelium
and central layer. The tissues immediately surrounding the
glándula angidaris oris are more dense; they form a capsule
for the gland, although the capsule is poorly defined. The
name for the gland was taken from the list by Schauder
(1923: 362). The gland belongs entirely to the mucous type
as do the oral glands of birds generally. Schauder mentioned
that the pigeon has a much larger angular oral gland than
the chicken. The dermis on the oral side and proximal to the
gland, which is near the cut edge of the epidermis in figure
339, has lost all structural organization typical of skin;
therefore, terminology applicable to skin cannot be used in
describing the walls of the oral cavity.
The relationship of the central layer to the dermis and
subcutis is as uncertain for the rictus as for the wattle. The
central layer is probably derived in part from the subcutis,
judging primarily by observation of the mandibular rictus,
which shows considerable adipose tissue. Another clue is
furnished by mentally projecting the elastic lamina from its
end in the adjacent feathered area into the nonfeathered
area of the rictus. Both estimates indicate that the central
layer is probably subcutis. In figures 339 to 341 the central
layer is labeled without reference to tissue-layer origin.
Information is lacking in the literature on blood and nerve
supply.

EARLOBE
Gross Morphology and Histology
Single Comb White Leghorn Chicken
White earlobes, characteristic of leghorns, are found in a
few breeds of chickens, and red earlobes are found in many
breeds of chickens, as summarized in chapter 1 (p. 15).
Histologically, white and red earlobes are very different; in
the former, sinus capillaries are largely absent, whereas in the
latter these vessels are abundant, and the histology is similar
to that of the comb, wattle, rictus, and red skin of the face.
Intermediate conditions exist that can be recognized wherever
streaks, points of red, or red areas are observed in the otherwise enamel-white earlobe. Two drawings (figs. 342 and 343)
were made to illustrate the typical structure of the white
earlobe, but the differences among individuals were so great
that it was necessary to supplement these with several
photographs and additional drawings of certain details.
Young chicken.—The whole head of a 14-day-old Single
Comb White Leghorn Chicken was fixed in Bouin's fluid,
thereby retaining, when sectioned, the relations of tissue
layers to each other and to underlying structures. This is
about the only way that the delicate subcutis could be preserved. Those sections that vertically cut through the external auditory meatus transected two apteria—the postauric-

ular above and the earlobe below. The histology of the
former was described on page 489 and the pages following.
The earlobe at this age is closely adherent to the side of
the lower jaw, but the skin is thrown into many small folds
or tubercles. The epidermis is about three to four cells thick
as it is in the postauricular apterium (fig. 296) and has a
moderately thick corneum resting on it.
In spite of serious efforts, we found it impossible to divide
the dermis into the same layers described for the skin from
various other parts of the body. The reasons for this will be
developed as each structural unit is described. At 14 days
of age the dermis is relatively uniform in density, and the
connective tissues below the epidermis are similar to those
in the deeper layers. Small vessels and capillaries are scattered
throughout the entire thickness of the dermis, and there
appears to be no tendency for them to stratify. Therefore,
we were unable to identify or designate a superior or an
inferior capillary layer. Vessels of this type in the earlobe lie
at all levels and often course perpendicularly through the
dermis rather than parallel to the surface. At the deep limits
of the dermis, connective tissues around the larger vessels and
apterial muscles are less closely packed than in other parts of
the dermis.
The subcutis is a loose connective tissue that supports
large vessels and nerves. Little, if any, fat is in the subcutis

EARLOBE
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capillary formation
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FiGURE 342.—Low-power magnification of a section through the earlobe of a Single Comb White Leghorn Chicken, 341 days
of age. The area enclosed within the narrow rectangle is illustrated at higher magnification in figure 343. Zenker-acetic
fixation and Giemsa stain with the elastic lamina added diagrammatically from a nearby section stained by Margolena and
Dolnick (1951) technique.

at this age, but fat pads may be central to some of the dermal
muscle layers. Sheets of elastic tissue often lie at various
levels in the subcutis. These are thicker and more conspicuous than generally associated with an elastic lamina.
These strong elastic layers often lie in the middle of the loose
connective tissue adjacent to the layer of skeletal muscles;
they are regarded here as located within the subcutis but
dorsal or ventral to the earlobe where feathers are again
present; the outermost elastic layer tends to take a position
usually occupied by the elastic lamina. The situation is too
confused to arrive at any firm conclusions, but tentatively
we assume that in the region of the earlobe at this young
age, an elastic lamina is absent, and all of the very loose
connective tissue between stratum laxum and striated
muscles belong to the subcutis.
Adult Chicken.'—The surface is thrown into folds (fig. 342),
which vary greatly in height. Many sections of earlobes
showed large multilobate protrusions. On the surface of these
were smaller folds of the type illustrated in figure 342.
The epidermis is essentially the same thickness in the
adult (fig. 343) as in the young chicken and similar to that for
the skin over the body generally. It is about four to five
cells thick, and the basal ones are cuboidal rather than
columnar. The corneuni is thick in the sulci between folds
and thin on rounded exposed surfaces.
In spite of the fact that the dermis of the earlobe simulates the dermis of body skin, close study revealed significant
differences. In the earlobe (figs. 342 and 343) a thin subepidermal layer of loose connective tissue is distinguishable

separate from the underlying dense connective tissue. It was
originally thought that this was equivalent to the superficial
layer of the dermis, but this proved to be erroneous because
neither blood vessels nor capillaries in significant numbers
were present. Instead, vessels were found in the dense connective tissues. From the study of the white earlobe, it was
thought they were confined to the upper half of the dense
layer, and therefore it would be possible to consider this
upper half as equivalent to the superficial layer. However,
when the red earlobe of the White Plymouth Rock was
examined, we found that the presence of many sinus capillaries and small capillaries increased the entire thickness of
the dense dermal layer as far as the stratum laxum. In view
of the fact that all of the dermis except stratum laxum can
be vascularized with capillaries, the terms "stratum superficiale," "stratum profundum," and "stratum compactum"
have been avoided in describing the histology of the earlobe.
This variation in vascularization is apparent upon examination of figures 342 to 346 and 348.
Even in the enamel-white earlobe of the leghorn, nearly
every section showed some evidence of the type of vascularity associated with the red earlobe. Initial stages in this
process are represented by a group of small vessels and
capillaries on the left side of figure 342, but this small amount
did not appear red when viewed from outside. Actually the
type of tissue organization depicted in figures 342 and 343
would be regarded as avascular, except for the vessels
needed to supply the metabofic requirements of the tissue.
Before continuing the subject of the vascular changes in-
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343.—Medium-power magnification of a section through the earlobe of a Single Comb White Leghorn Chicken within
the rectangle indicated in figure 342. Elastic fibers in black are shown as they appeared in a nearby section stained by
Margolena and Dolnick (1951) technique.
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EARLOBE
volved in going from a white to a fully red earlobe, we shall
examine in more detail the tissues immediately below the
epithelium. The dermis of the white earlobe has more
collagenic fiber bundles arranged perpendicular to the surface,
or nearly so, than any other area of chicken skin examined
thus far. When these bundles reach the loose layer of subepithelial tissues, two changes can take place: (1) the fibers
within the bundles can separate and merge with the delicate
individual fibers of the subepithelial layer, or (2) they can
continue on through the subepithelial layer to fuse with the
basement membrane. Both of these changes are illustrated
in figure 344.
Figure 344 was made from a slide stained with Margolis
and Pickett's (1956) PAS and Luxol fast blue. The periodicacid Schiff reaction revealed the basement membrane as a
distinct line. The bundles of collagenic tissues were blue, but
separated fibers showed a pale PAS color. These fibers are
so delicate that it is difficult to determine positively if the
fibers separated out from the dense bundles continue on to
merge with similar fibers of the subepithelial layer, but they
seem to do so.
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The second change is even more clearly shown than the
first in figure 344. The basement membrane, in some areas,
dips down to make a firm junction with perpendicularly
oriented bundles that have not frayed apart to join the
subepithelial network. Often the basement membrane is
pulled downward and seems to encompass the fibers. This
appearance is interpreted as an artifact in which the fixative
caused shrinkage of the collagenic tissue; because collagenic
tissue was bonded firmly with the basement membrane,
the latter was pulled below the level of epithelium unattached
to collagenic fibers. The displacement of the basement membrane often carried with it some of the cells of the basal layer.
Menefee (1957), in his electron microscope studies of the
skin of young mice, observed a continuity of reticular fibers
with the basement membrane. Perhaps all three connective
tissue types can, upon occasion, establish contact with the
basement membrane.
Now to return to a discussion of vessel proliferation in
the dense dermis. A thick section of a Single Comb White
Leghorn earlobe showed large vessels in the stratum laxum
and in the subcutis; arterioles extended perpendicularly from
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4-Collagenic fiber attached
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forming subepithelial layer,
cut transversely

Fibers from dense bundles
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344.—Portion of a fold from the earlobe of a male Single Comb White Leghorn Chicken, 288 days of age. The fibers
of the perpendicular collagenic bundles have frayed to mingle with the dehcate subepidermal layer. Other fibers have
attached to the basement membrane, and upon shrinkage in fixation have pulled the membrane away from the epithelium.
Bouin fixation. MargoUs and Pickett (1956) PAS and Luxol fast blue technique.
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these toward the surface (fig. 345). Small capillaries at the
terminal ends were either absent or obscured. The single layer
of smooth muscles encompassing the arterioles was clearly
evident and demonstrated that here, as in the comb, wattle,
and rictus, an adequate mechanism is present to regulate the
flow of blood to the sinus capillaries after they develop.
The lymphoid area shown in figure 345 is not part of the
normal histology, but we observed that lymphoid accumulations around blood vessels were more abundant in these
integumentary organs and also in the ventral skin of the
body than one generally finds in such internal organs of the
body, as those examined by Lucas (1949), Lucas and Oakberg
(1950), Lucas et al. (1954), and Oakberg (1950, 1951).
The sinus capillaries usually develop in clusters (fig. 346)
associated with vessels of larger size having muscular walls.
We assume that they spring from the ends of such perpendicular vessels as are shown in figure 345. Some of the
capillaries may lie near the surface, which would allow the
color of the blood to show through the skin, but most of
them are deep and are overlaid by enough connective tissue
to mask the imderlying blood.
The lower part of figure 345 shows the sharp transition
between the dense connective tissues of the dermis and the
layer of loose connective tissues below. Considerable elastic
tissue is present in the earlobe of the adult Single Comb

White Leghorn Chicken. The greatest concentration of it
lies where one might expect to find an elastic lamina, but it is
not a continuous sheet and lies at different levels in the
dermis and subcutis. In contrast, the elastic fibers in superficial levels of the dermis are single and delicate.
If there is an elastic lamina in the earlobe, it must be
regarded as a multilayered structure such as shown in figure
347. Nearly always the elastic fibers are embedded in dense
bimdles of coUagenic tissues, and such a band may swing
upward to join the dermis, course through the middle of the
subcutis, or lie against the deep fascia covering the muscles.
Such bands, although massive, do not always maintain continuity, and sometimes the broad band becomes reduced to a
single, thin sheet.
Louvier (1937: 81) stated that blood to the earlobes
travels by way of the superficial temporal and external auricular arteries, which are terminal branches of the carotid
artery. He considered that these same vessels are involved in
supplying blood to the earlobe of the Orpington cock, but that
the subdivisions are more numerous than in the Leghorn,
because the earlobe of the Orpington is red and therefore
highly vascularized. Louvier did not state the source of his
terminology. He may be in agreement with our observation
that branches of the auricular artery (Richards', 1967: 225,
term) is the source of most of the blood to the earlobe. In
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345 -Thick section of an earlobe of a Single Comb White Leghorn Chicken showing the beginning of vascularization
Zi^^ra^^^ltZ^^ from a white to a red earlobe. Embedded in celloidin and stained with hematoxyhn and eosm.
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346.—Transverse section of an earlobe from a Single Comb White Leghorn Chicken, 330 days of age, showing a small
vascular area in its early stages of development. Expansion of such areas reddens the earlobe. Broad areas on each side have
low vascularity. Bouin fixation. Hematoxylin and eosin stain.
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addition, we did note a thin anastomosis with the external
facial artery.
The literature contributed no information on the venous
return. We found all arteries to the ear lobe closely accompanfed by veins. These veins carry the same names as the
arteries with which they are associated.
White Plymouth Rock
The adult male White Plymouth Rock has an earlobe as
red as its comb, wattles, and face. It is a multilobate structure, each lobe bearing welUdeveloped tubercles or folds.
The lobes project outward from basal subcutis tissues overlying facial muscles and small pads of fat (fig. 348). À shaft
of subcutis penetrates the lobes, but much of the tissue
on each side of the axis represents the stratum laxum. The
vessels and nerve bundles in the layer are larger than are

generally found in this layer of the dermis in other parts of
the body. It is composed of large masses of dense connective
tissue separated by areas of loose tissue. The character of
the subcutis is very similar to that of the stratum laxum, and
it is impossible in a hematoxylin and eosin preparation to
identify a boundary between the two; however, after an
elastic tissue strain is made, the boundary can be approximated. The axis of a lobule is formed by the subcutis, and a
broad layer of stratum laxum lies on each side of it.
The histology of a red earlobe is different in some respects
from other red skin of the head. The separation of stratum
laxum from stratum compactum is indefinite. The tissues of
the latter are dense, but often so are those of the "loose
layer." Generally, in the red earlobe the sinus capillaries lie
inferior to the subepidcrmal layer of loose connective tissue
as shown in figure 344, but a large sinus vessel will push
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347.—Section from the earlobe of a mature male Single Comb White Leghorn Chicken showing the multiple-layered
elastic lamina and the associated collagenic fiber bundles. Within the elastic lamina, fibers course transversely and longitudinally. The fixative is 100-percent alcohol. Margolena and Dolnick (1951) technique.
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through this layer to touch the basement membrane. The
capillaries are largest adjacent to the epidermis; those
deeper in the dermis often are small, and they mingle with
arterioles and venules.
In many places a broad layer of dense connective tissue
lies below the capillary layer. If this always were the case,
we would not hesitate to identify the capillary part as the
superficial layer and the dense part as the compact layer,
but often the capillaries involve all of the compact layer
down to the stratum laxum. For this reason, in describing
the earlobe, we have avoided the use of some terms that
would be applicable to tissue layers of body skin. The dense
perpendicular columns often persist after the capillaries
have developed and thereby divide the vessels into compartmentalized groups.
Although the capillary layer of the earlobe is like that of
the wattle and comb, there is no evidence that mucoid or
loose tissue (characteristic of the intermediate layer) is
present. The wattle of the White Plymouth Rock has a well-

developed intermediate layer compactly filled with mucoid,
but the layer disappears at the border adjacent to the earlobe,
at which point the organization of tissue layers of wattle
and earlobe is similar, except for the intermediate layer.
Champy and Demay (1930) suggested that the whiteness
of the earlobes of the chicken and of the caruncles of the
turkey is due to the thickening of the connective tissues.
Louvier (1937: 82) examined the problem much more
closely. He was aware that the presence of blood-filled
capillaries reddens the earlobes of some chickens and that an
abundance of dense connective tissue, if vessels are absent,
produces a pale color, but he sought to find a pigment that is
responsible for the chalk white. He eliminated carotenoids
and melanins and concluded that purines are responsible
for the white. He pointed out the close relationship of these
pigments to uric acid—a metabohc product in birds. He
found the greatest concentration of the purines in the deep
layers of the dermis and not in the epidermis or subepidermal layers.

TURKEY
Frontal Process
littérature
A suitable name never has been established for the process
that is sometimes called snood or "tubular" leader. Champy

and Kritch (1926) designated it as the comb of the turkey.
Neugebauer (1845: 659) designated it the carúncula nasalis.
Wodzicki (1929) named it the "frontal appendage," which is
somewhat similar to Moser's (1906) term "Stirnzapfen" or
frontal peg. JuU (1930: 339) called it a fleshlike appendage,
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348.—Transverse section of an earlobe from a male White Plymouth Rock Chicken, 300 days of age. The red in this
breed is associated with the thick layer of sinus capillaries that occupies most of the superficial dermal tissues.

FIGURE

and Schneider (1931) reverted to the use of the word "nasal
comb" because, as he explained, he failed to find any word
other than comb. Laruelle et al. (1951: 92) used the names
"frontal appendix" and "nasal cone" and mentioned the
term "frontal caruncle of Athias." "The American Standard
of Perfection" refers to it as tubular leader, but it seems
inappropriate to designate as tubular a structure as compact
as this one; leader alone would be appropriate. In most situations we have used the word "snood" which also means
thread, cord, or needle (Gove, P. B., 1965). Thomson (1964)
referred to it as a distensible frontal caruncle. The chief merit
in the use of the term "snood" is that it specifically distinguishes it from other caruncles extending from the head
and upper neck. Our choice among the terms available is
"frontal process of the head of the turkey."
The location of the frontal process, dorsal to the nasal
region, was described in chapter 1, page 10 (see also fig. 5).

Wodzicki (1929) noted the change in length of the frontal
process from a contracted condition of 1 to 2 cm. to an extended state of 10 cm., which, upon injection with gelatin
through the blood vessels, might increase length to 12 cm.
Champy and Kritch (1926: 24) compared briefly the frontal
process of the turkey with the comb of the chicken. They
noted in the former an abundance of smooth muscles, dense
connective tissues, and arteries. The arteries had very thick
muscular walls, which these authors categorized as helicine—
a type associated with erectile tissue, which they claimed was
present in the axis of this organ. They failed to find evidence
of fibromucoid tissue, and the subepithelial capillaries were
not as numerous as in the comb of the chicken.
Wodzicki (1929) observed that the histology of the frontal
process and caruncles was structurally similar. He recorded
some observations that refuted the erectile function claimed
by Champy and Kritch but was not as definite on this point
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as was Schneider (1931). It was the latter's opinion that the
tissue spaces observed by Champy and Kritch were artifacts.
The absence of such spaces in our figure 349 lends support to
Schneider's conclusions. Schneider presented physiological
evidence as to why this could not be erectile tissue; both he
and Wodzicki noted that it lengthened slowly and shortened
rapidly, that when lengthened, it was not sufficiently turgid
to hold an erect position, and that it did not increase in
diameter as it increased in length. The frontal appendage
develops before hatching, and the other outgrowths appear
somewhat later (Laruelle et al., 1951: 93).
Histology
Epidermis.—The epidermis of the frontal process is
moderately thick (fig. 350). The corneum is usually slightly
broader than the germinative layer, which falls within the
range of 6 to 10 cells. The average thickness of the corneum
is 43 M with a range from 25 to 70/u, and the average of the
germinative layer is 39 ß with a range from 34 to 51/i.
The row of basal cells is cuboidal. Cells undergoing
mitosis were occasionally found in our specimens. Above the
basal cells are several rows of cells belonging to the intermediate layer, the lowermost of which resemble basal cells.
Both these and the basal cells have well-developed intercellular bridges, which disappear at the beginning of the

transitional layer. The cells and especially the plasma membranes of the transitional cells have a stronger affinity for
hematoxylin and are more strongly colored with aniline blue
than the intermediate or the basal cells. This situation is
similar to that observed in the rictal epidermis of the young
chicken (fig. 338). Sometimes one can observe a layer of
lighter-staining corneum above the transitional layer and, as
in the rictus, there is evidence that keratinized sheets of the
corneum come from plasma membrane and intercellular
spaces, although the evidence is less definite. We did not
apply PAS technique to this material, so it is not possible to
describe the basement membrane.
Dermis.—We designated all of the tissues central to the
epidermis as dermis, chiefly because smooth muscles equivalent to apterial muscles are distributed throughout these
connective tissues (fig. 349). Lange (1931: 442) failed to find
a distinct separation between the layers he named "stratum
compadum corii" and "subcutis." We agree with Wodzicki
(1929: 378) and Schneider (1931) that the entire interior
belongs to the dermis—that a subcutis is absent. Wodzicki
divided the dermis into superficial and deep layers. Froni
what we observe in figure 352, one might justifiably divide
the dermis into three pas-ts—a superficial layer, a muscular
layer, and a central, vascular or axial layer. We agree with
Wodzicki (1929: 378) that an intermediate fibromucoid
layer is absent.

Avian lamellar corpuscle
Transverse bundle of smooth mm.
Elastic tendon
— Axial artery

Longitudinal bundles
of smooth muscles

Longitudinal layer
of smooth muscles —
Bristle feather follicle
Axial vein

Nerve bundle
Epidermis:
Corneum
Germinative layer
Subepithelial vascular layer

Veins and arteries
of intermediate size

Base of bristle feather follicle
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FiGURE 349.—Transverse section of the frontal process from an adult Bronze Turkey. Bouin fixation, Margolena and Dolnick
(1951) technique. Abbreviation: mm., muscles. (For a diagram of a frontal process, longitudinally oriented, see Lucas,
1970, fig. 2.)
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350.—Epidermis and subepidermal sinus capillaries from the frontal process of a turkey. The corneum was not as wide
as the average figure given in the text. The cells of the transitional layer are stained more darkly than the remainder of the
germinative layer. Pericapillary muscles were absent. Bouin fixation. Hematoxylin and eosin stain.
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The central axis of the dermis is described first; then we
move peripherally. No attempt is made to divide the dermis
into the tissue layers found in body skin. Most of the major
vessels lie near the axis. Large arteries and large veins have
very thick walls in proportion to their size, and both possess
bundles of smooth muscles that intermingle with the fibers of
an external membrane and that extend the length of the
vessel. Champy and Kritch (1926) designated these as
helicine vessels.
A longitudinal layer is not limited to the blood vessels of
the frontal process. Argaud (1904) observed a longitudinal
musculature in the adventitial layer of the a. mesenterica
cranialis. He observed also some longitudinal muscles in the
a. coeliaca and a small amount in the v. cava caudalis. Pfister
(1927) observed these muscles in the wall of the common
carotid arteries of some of the small birds that he examined.
Ball et al. (1963) described the longitudinal muscles of the
anterior mesenteric artery as lying peripheral to the external
elastic lamina in the turkey and in the chicken. The same
year, Bosch and Ángulo (1963) described smooth muscles
arranged longitudinally within the adventitia of arteries
supplying the oviduct of the chicken. They named this layer
the " musculo-elastic tunic" and mentioned briefly that the
layer was present also in the arteries to the epididymus.
Longitudinal muscles are known in the arteries of man.
Copenhaver (1964: 260) mentioned isolated fibers close to
the inner elastic membrane, especially near points of branchings. A few longitudinal muscles may be found among the
fibers of the external elastic membrane, close to the media.
He gave as examples the splenic and dorsalis penis arteries.
The cross section shown in figure 349 contains several
large arteries and veins—some near the axis and others

about midway toward the peripheral margin. Veins of large
and medium size are essentially similar. The endothelial cells
are usually flattened, but in a small contracted vessel they
may bulge into the lumen (fig. 351, B). This endothelium
represents the only layer of the three typically present in the
intima layer. An intermediate layer appears to be absent or
else is very thin, and all veins, large and small, lack an
internal elastic membrane so that the endothelium rests
directly upon the circular muscles of the tunica media. The
media is not as wide as in arteries of corresponding size.
Elastic fibers are few and delicate near the lumen, but increase in number and thickness toward the adventitial side.
Many of the elastic fibers follow alongside the circular
muscle cells, but some of the finer ones cut radially across the
medial layer or at an angle. Collagenic fibers parallel the
muscle cells, separate them, and bind them together. We
tried to identify the presence of reticular fibers by Gridley's
(1951) stain, but the results were negative. Some uncertainties
regarding this point are mentioned again on page 568 where
we describe the arteries.
The adventitia with its enclosed bundles of longitudinal
muscles is wider than the medial layer. The external elastic
lamina is multiple, composed of several concentric layers of
elastic tissue, the fibers of which course lengthwise parallel
to the muscle bundles. The muscle bundles form an uneven
outer margin and do not always form a complete layer around
the vessel. Longitudinal muscles are associated with veins of
all sizes within the range shown in figure 349. (See also,
Lucas, 1970, fig. 2.) Reticular fibers may be present among
muscles of the longitudinal layer. They constantly encompass the fibers of the smooth muscles that are abundant
in the frontal process and which resemble apterial muscles.
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A peculiarity of the veins worth noting is the frequent subdivision of the vessel within the lumen. The intima layer
usually crosses the lumen at two places, so that the lumen
is divided into three channels, all within the original vein
wall. In some places the intima extends only part way
across the lumen. Laruelle et al. (1951) associated the valves
and sphincters as well as the external muscular layer with
the arteries.
The large and medium arteries are readily distinguished
from the veins, not only by having a thicker wall, but by
several other features as well (fig. 351, A). The intima contains three distinct layers—an endothelium bordering the
lumen, a broad intermediate layer, and a conspicuous internal
elastic membrane. The intermediate layer is composed of
fibrocytes and delicate collagenic tissue. We have not been
able to determine the direction of the fibers, but they are
presumed to run longitudinally. The inner elastic membrane
does not form a complete ring even in the largest arteries of
the frontal process. The elastic fibers are wavy in the fixed
tissue and in general follow a circular course, but on the
side toward the lumen numerous, delicate fibers extend longitudinally, and their cut ends are barely visible.
The media begins on the peripheral side of the internal

elastic membrane. The muscular layer is broad and is uniformly circular. The elastic fibers are few in number and are
delicate. They cross the muscle fibers in various directions;
only very few are oriented parallel to them. The individual
muscle fibers are surrounded and supported by an abundance
of what are probably reticular fibers, although they do not
stain fully black after Gridley's (1951) technique, but they
have the characteristic structure of passing down between
muscle cells as single fibers of uniform diameter. The flexures
of the fibers are closer together than in collagenic tissue and
are similar to the unquestioned reticular fibers separating the
apterial muscles. In both smooth muscles of the blood vessels
and apterial muscles, innumerable delicate transverse fibers
cross or entwine the muscle cells.
The tunica externa (adventitia) of the arteries is not as
broad as it is in the veins; the longitudinal muscle bundles
are not as large or as numerous. The external limiting membrane is represented by about three concentric rows of elastic
fibers extending longitudinally, the innermost row being the
most conspicuous and most nearly complete. The outermost
layer may lie at the outer edge of the muscles or may cross
them about middistance. These fibers are delicate. The intermediate row hes somewhere in between. As arteries decrease
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Tunica media
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351.—Large blood vessels showing longitudinal muscles in their walls. From the frontal process of a young adult male
Bronze Turkey. The lumen of each vessel is toward the top of the sections.

A, section from the wall of an artery.

B, section from the wall of a large vein. (Compare with axial veins in
fig. 349.)
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352.—Thick paraxial section of a frontal process from a Bronze Turkey, 112 days of age. Arteries, veins, and capillaries
were injected with ink. The vertical clear areas near each margin are occupied largely by smooth muscles. An enlarged
photograph of the area within the square is shown in figure 353, taken from a nearby section of the same frontal process.
Peterson et al. (1965) perfusion technique.
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in size, the number of rows becomes less, and in small vessels
both internal and external limiting membranes may be absent.
Intermingled among the larger vessels are many of medium
and small sizes (fig. 349). These usually appear in groups,
chiefly because the vessels are coiled and folded, and a section
may cut the same vessel several times. The vessels lie in the
central part of the frontal process among the large vessels
but also in more paraxial locations. A longitudinal section
through a frontal process in which the vessels had been injected with ink (Peterson et al, 1965) demonstrates, even
more than the cross section, how many helicine vessels of
medium size there are in the central two-thirds of the snood
(fig. 352). Peripheral to these, the seemingly empty area
between medium vessels and subepidermal capillaries
occupied by smooth muscle is crossed by small arteries and

veins that carry blood to and from the capillaries (fig. 353).
Many of these capillaries form short loops close to the epidermis, as noted by Lange (1931: 443), but often they are
arranged as a flat network. In cross section the diameters are
sufficiently great to contain four to eight red blood cells,
which is considerably less than occurs in the sinus capillaries
of comb and wattles. The small capillaries lie somewhat
deeper than the sinus vessels and are shown in figure 354
as narrow tubes and often with cut ends in the illustration.
The ink injected in a carotid artery flows through the
capillaries and returns by way of the jugular veins. Because
the ink does not stop at the capillary beds, it was not possible
in figures 352 to 354 to distinguish afferent and efferent
vessels. Around the bristle feather follicle was found a net-
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work of capillaries similar to those described around feather
follicles in the chicken (Peterson et al., 1965).
Most of the smooth musculature of the frontal process is
located between the central mass of vessels and the subepithelial dermis. The muscles are grouped in bundles, and in
general they are oriented lengthwise, but there are a few
transverse fibers. This musculature is regarded as equivalent
to the apterial muscles of the skin, and like them, elastic
tissue tendons may be present, but these are not nearly as
abundant as in the skin.
Bundles of nerves are numerous and show a peculiarity not
found in other regions examined, such as skin^ comb, or
wattles. The bundle lies within a very loose-iitting sheaÜi oí
collagenic tissue. We assume that the sheath is constructed

oversize to accommodate the extensively twisted and folded
axons of the nerve. A few avian lamellar (Herbst) corpuscles
were observed, but these appeared to be associated with the
bristle feathers.
Wodzicki (1929: 378) stated that the frontal process is
vascularized by branches of the ethmoidal and cutaneous
facial arteries and returns largely by way of the cutaneous
facial vein but uses some of the veins in the orbit. Neugebauer
(1845: pi. 37, fig. 6) identified the drainage of the frontal
process through the vena facialis cutánea. Our observations
agree with those of Wodzicki and Neugdbauac^^^&i^eugäMjiia'
ñoteS arteriovenoTis anastomoses withm the frontal process.
Literature describing the nerve supply has fieefeB^feiaML

— Capillary loops in dernial papillae

Capillary plexus around
follicle of a bristle feather

Terminal blood
vessels

— Subepidetmal sinus capillaries
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'

353.—Enlargement of terminal blood vessels and subepidermal capillaries equivalent to the area enclosed by the
square in figure 352 but from a nearby section. Bronze Turkey, 112 days of age. Peterson et al. (1965) perfusion technique.
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caruncle would be oriented vertically downward. The central
layer includes dense collagenic tissue that supports major
nutrient arteries and veins, either in the center of the axis
region or toward the paraxial region. As in the frontal
process, these large vessels are relatively few. Both axial
and paraxial regions contain innumerable helicine arteries
and veins. These are generally in groups, and the same vessel
is cut repeatedly, in,.th&^eetíon ibecause they are extensively
twkted and ooied. Laruelle et al. (1^51) observed, mmy
A-¥ anastomoses. ^Arteríal bjtesii
Sections wfflusöäHy include aa avaan^ameliar corpuscle.
tâaçhcotpBs^eslielo thepai-axialiayeraad areassumed^trbe
assoiciated with tlœ bristle feaihers.Bi^

càpillai-y

; "^©iB supe^iaa-layer^^^aua,«
many sinus oapillja#9ss»aë^^ifnf#l ^^c^^
of the epidemus
: rjslSjaiaa; tt?^ thälrfound m 1EbeJ&'©H?W^pege8s.
X:^Jd$aí^e^tíkM^^$¿9S^ hs^ úmmimi tíoB M^oh^ oí Uœ

-Soull
- Çàpfflaiy

Tf^ést^m.

Äe&mitaäinsa^ss #"0« BïtMaae Turl^, 112 4ays ^ a©e.
These vessel« are aot as closely packed as in the wattle
(fig. 335, p, 551). Ink was injected through right carotid
artery. Peterson et al. (1965) perfusion technique.

Caruncle
The term "caruncle" is a diminutive of the Latin "caro"
meaning flesh and is translated as a small fleshy eminence or
protuberance. In a broad sense, the same term applies
equally well to comb, wattles, and earlobe. In the turkey it
has been used to designate the skin protuberances found on
the head, upper neck, and, to a lesser extent, on the dewlap
of the turkey (figs. 5, p. 10; 30, p. 45; 32, p. 49; and 217,
p. 324). As is evident from the illustration, caruncles vary
greatly in size ; the largest are on the sides of the neck where
the bare skin meets the feathered part. Like the frontal
process, caruncles vary in turgidity and color according to
the emotional state of the bird. Laruelle et al. (1951) investigated the factors responsible for the various colors exhibited
by the frontal process and caruncles. These authors were concerned with the histology of the caruncle, especially the
vascular supply and how it functioned to produce the red
color.
Histology

- .

-.

The caruncles of the male are broad and flat, whereas the
frontal process is narrow, long, pointed, and cylindrical.
Figure 355 is taken from the lower edge of one of the large
caruncles at the side of the neck; therefore, in the bird the

- dítftffi& piiÇKMie^ yaaiehm^
máie. íateasereddening
-fftüows^^^rtfflHflf stimulation. Comparable results occur in
the female, but these are less striking. If, instead of severing the entire nerve, only the ventral or dorsal cutaneous
branches are cut, an initial transitory reddening occurs, which
is followed by a prolonged blanching associated with a temperature drop of 4° to 5°. If in such specimens, a large vein
is closed by a ligature, the reddening reappears. The blanching that occurs after nerve section persists without ill effects
on the bird except that the size of the caruncles is reduced a
third to a half (based on measurements made of the three
largest caruncles). A similar reduction follows castration.
These authors suggested that in the unoperated male reddening is produced by contraction of the longitudinal muscles of
the central and straight arteries and that blanching occurs
with the opening of A-V anastomoses. The shunting of blood
prevents adequate flow into the subepidermal vascular
network.
Beard and Papilla
Literature
Very few investigators have written about the beard of the
turkey. Even among these writers there has been great
diversity of opinion regarding the homology of the beard
filaments with other integumentary structures of birds. Boas
(1931: 580) concluded:
Gana anderer Art ist das Bündel grober Borsten, das an der Brust
des Truthahns zwischen den Federn hervorragt. Diese 'Borsten'
sind keine Federn; sie sitzen nicht in Federbälgen, sondern entspringen direkt von der Hautoberfläche und haben überhaupt an
Federn keine Anknüpfung. Es sind grobe, kantige, feste Hornfäden,
in deren Basis eine Hautpapille hineinragt; an ihrem proximalen
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355.—Longitudinal section of a pendant caruncle from the lateral surface of the neck. Area of attachment is toward the
top of the illustration. Note the similarity to the tissue organization of the frontal process shown in figure 349. Adult Bronze
Turkey. Bouin fixation. Margolena and Dolnick (1951) technique.
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Teil werden sie mit den Nachbarn durch eine losere verhorntes
Epidermiskissen aufzufassen . . . ?^

Bulliard (1926) regarded the development of the brush
bristles as equivalent to that of contour feathers and scutes
and noted some points of similarity to filoplumes and bristle
feathers.
22 Translation: Of quite different nature is the bundle of coarse bristles (seta) which projects from the breast of the turkey cock between
the feathers. These seta are not feathers. They are not located in the
papillae of feathers but arise directly from the surface of the epidermis
and have no connection at all with feathers. They are coarse, angular,
solid horny filaments, into the base of which a skin papilla projects;
they are held together with the adjacent ones at their proximal end
by a looser horny mass. According to our conception the whole bundle
is to be considered as a deep corneous epidermic pad.

Bulliard (1926) and Wodzicki (1929) stated that the
"brush" was found only in the male turkey. Laruelle et al.
(1951: 92) noted two females (sex anatomically verified)
with beards and found a male with only a fleshy caruncle at
the site of the brush. Schorger (1957) quoted ^McDowell
(1954) who found four female Wild Turkeys with beards out
of 557 examined. In 230 pen-reared female Wild Turkeys, 17
specimens or 7.4 percent had beards in contrast to the less
than 1 percent with beards among female turkeys shot in the
wild (four out of 557). From a large sample of domestic
turkeys, Schorger (p. 445) stated:
. . . Stanley J. Marsden of the Agricultural Research Service,
U.S. Department of Agriculture, Beltsville, Maryland, in March,
1957, kindly examined 1,373 Beltsville Small White [Turkey] females from 6 to 11 months of age. He found that 122 (8.9 percent)

TURKEY
had beards ranging in length from 3 to 63 millimeters, the average being 26 millimeters. Particularly interesting was his discovery
of three females with multiple beards, two, three, and five, respectively.

Älultiple beards are found also in Wild Turkeys (Schorger,
1957: 445). In all females the fleshy eminence is present even
when the beard is absent.
Morphology
Schorger (1957) measured bristle lengths, widths, and
number for each of the four subspecies of the wild Meleagris
gallopavo as well as of the Beltsville Small White strain of the
Bronze Turkey. There seemed to be no subspecies differences.
The number varied from 152 to 677 and the maximum length,
from 178 to 325 mm. At the base, the average diameter varied
from 0.16 to 0.29 mm., in the middle from 0.15 to 0.26 mm.,
and at the tip from 0.13 to 0.23 mm. He suggested that the
tapering at the end is probably due to abrasion and rubbing
against each other. The bristle does not molt but grows continuously and in this respect differs from all types of feathers.
On two specimens growth rate was determined as 130 to 133
mm., respectively, during 1 year.
The papilla develops on the ventral surface of the neck, in
the midline just above the basal curve of the neck. BuUiard

(1926, fig. 1) designated the papilla as the terminal caruncle
in the midline. However, the histology of the papilla is similar to that of avian body skin and not to a caruncle; therefore,
we suggest that the name "terminal caruncle" not be used.
For a 6-month-old female, Bulliard gave a height of 3 mm.
and a length of 5 to 6 mm. In a male of 5 months, he reported
a length of 10 mm. In cross section the faces are swollen
laterally and undercut slightly at the junction of skin surface
and papilla (figs. 356 and 357). The surface of the papilla is
smooth in contrast to the many folds of the thin skin around
it. The feathers surrounding the papilla are plucked in
figure 356, and the open end of each follicle is colored with
ink.
Development
The little information we have on the posthatching development of the papilla comes from Bulliard's (1926) work;
to our knowledge there have been no studies on prehatching
stages, but such would probably contribute little to knowledge of the histology because even at hatching the papilla is
only 1 mm. long. The extent of development is slightly less in
females than in males. At hatching the epidermis is but
slightly thicker than it is in skin lateral to the papilla. The
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356.—Papilla and beard from a young male Bronze Turkey. The beard bristles are still short.
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dermis is about one-third thicker in the midhne than in the
muscles were attached to the bases of the beard bristles as a
region of the lateral grooves. As in the adult, the connective
thin sheet near the elastic lamina, which is typical of apteiial
tissue, even at hatching, is tortuous and directed throughout
muscles, but were scattered throughout the thickness of the
the area in all directions. Buliiard observed that sinus
loose layer (fig, 357). In sections of the papilla, the loose
vessels were numerous at the base of the papilla and under
layer extends a,s far as the di^rmal striated muscles and may
the epidermis of the brush.
imhidBAem. On page 505 we considered whether striated
By 4 to 5 weeks of age the papilla has aitained B tength of
dermal muscles should be regarded as being within the dermis
4 mm, Tho^pidarmis m about the same as at hatching. Indicaor within the subcutis. The evidence from a study of the
tions of the projections that will eventually produce bristles
lateral cervical apterium of the chicken indicated that this
are barely recognizable, and vascularizatioia of the dermis has
sheet of .muscles-might lie in either the denïiis or subcutis
inereased.
layers when judged by the position of the elastic lamina. In
At 6 months-of agein ihe female the papilla is o to ê mm.
the beard papilla there are differences from the cervical
long and 3 mm. high; in cross section the area of the beard
apterium of the chicken. Sheets of elastic fibers are on both
forms a half circle on the surface of the papilla. The elevation , surfaces of the dermal.mitscles, but they are much more
of the papilk iâ in part due to the presence of uH<icrJyiag
str^j'ngly developed on the dermis than on the subcutis side.
' adipose tissue.. Among these cells ar^-^mootli muscle iibers
It IS necessary to lea^ve the question unanswered.
joined by elastic tendons thtit exíeiié lengthwise through the
Mmrd brisllûë.Shhorger (1957) noted that beard bristles
papilla,
often appeared to branch from what seemed to be a common
' At ihe time a male attains sexual,maturity this structure
base, the number from the base varying from about 3 to 14.
show^ small corneous projections, -which are the future
They were found to be held together by a cementing subbristles of the beard; by 5 months of age the püpilla is 10 mm.
stance that could be loosened only with difficulty either by
long and the bristles, 6 to 8 mm. long. The histology at this
teasing the fibers apart with dissecting needles or soaking
time is essentially that of the adult, and Bulhard's observathem in sodium hydroxide. The longitudinal section of
tions will be referred to again in connection with our own.
bristles (fig. 358) shows two of them with a common pulp,
and the same is illustrated in figure 359 where the bristles
Histologytend to aggregate. The ''cement'' substance mentioned by
Schorger is the fused corneous tissues between adjacent
General organization of the tissue layers.—Figure 357 is a
bristles.
vertical section of the papilla showing the location and
The thickness of the epidermis is highly variable (fig. 359) ;
relative thicknesses of the tissue layers.
in some areas all layers of the germinativum are narrow, and
The epidermis in the region of the bristles is often many
there is a broad corneum between adjacent bristles. In other
times thicker than it is on the smooth lateral surface of the
areas the germinativum is thick, especially the transitional
papilla, but accurate measurements of thickness are difficult
layer, and the corneum may be no more than a very thin
because the epidermis is thrown up around the bristles, and
layer. Bulhard (1926) noted a thick germinative layer and a
thus sections cut these epidermal sheaths obliquely and
thin corneous layer at the base of the bristle. Farther along
tangentially. Details of the epidermis and the bristles are
the bristle, the thickness of the two layers becomes about
described below.
equal, and throughout the remainder of the length, the
The dermis is divided into a dense outer layer and a loose
germinative layer was thin and the corneous layer was thick.
inner layer. The former is the stratum compactum and the
In figure 359 both germinative and corneous layers are thick
latter, the stratum laxum. Below the stratum laxum is a sheet
and are about equal.
of skeletal muscles, which in figure 357 is cut transversely and
The cells of the basal layer (fig. 360) are columnar and have
is part of the dermal striated musculature beneath the neck
a greater part of the cytosome on the pulp side rather than
skin of chicken and turkey.
adjacent to the intermediate layer. The cytoplasm is strongly
The upper part of the dermis fails to show any differentiabasophilic. Scattered small, round, basophilic cells lie betion into superficial and deep parts; all of it appears to fit the
tween basal and intermediate layers. These are probably cells
description of the compact layer, including the connective
recently detached from the basal layer and are in the process
tissues of the basal zone of the pulp within the bristles. If a
of becoming intermediate cells, by increasing in size and often
superficial layer exists, it is represented by the middle
elongating slightly, parallel to the surface. The layer of inter(vascular) zone of the pulp, a suggestion discussed more
mediate cells is thick; it sometimes shows a transition of
fully on page 577.
staining from basophilic adjacent to the basal layer èo
Abundant adipose and loose connective tissues are present
acidophilic at the transitional layer. Shght ^pa^s k;twê^
in the portion labeled stratum laxum of figures 357 and 358.
these cells are crosssed by ''intercellular bridges.''
All of the fat cells are of the univacuolar type. We decided
The transitional layer may be thick or thin. The cells are
that the layer of loose connective tissue and fat should be
elongated and parallel to the surface. The cytoplasm is somedesignated stratum laxum because bundles of smooth muscles
what vaeuolated but not to the same extent as has been
were present and appeared to be identical with apterial
illustrated for the transitional layer in other locations (figs.
muscles in other featherless areas of the skin. None of the
299, p. 496, and 350). The cells may stain less intensely than
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357.—Section through the beard papilla and bristles of a young male Bronze Turkey showing the tissue layers and
general organization of this organ. A small amount of ventral neck skin was included in the section, especially on the right
side of the illustration, but the epidermis was lost in processing. Bouin fixation. Hematoxylin and eosin stain.
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those around them, but under high magnification these cells
appear to contain granules rather than vacuoles or a mingling
of granules and vacuoles (fig. 360). The keratinization of the
sheets again confirms the evidence observed first in the rictus
(p. 553) that the laminae are laid down either at the plasma
membrane or between the cells. There is no morphologic
evidence that the substances within cells are involved in the
formation of corneous laminae.
In figure 360 the change in cell structure from transitional

layer to corneum is a gradual one—many nuclei retain their
normal oval shape and karyorrhexis is not severe. The cells of
the corneum adjacent to the transitional layer incline about
30° from the axis of the shaft, but this gradually changes until
they are oriented parallel to the bristle shaft. Bulliard (1926),
who also observed this, found in his preparations that the
cells inclined outward about 45°.
The most striking feature of the transitional and corneous
layers is the existence of at least two and sometimes three
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distinguishable strata clearly revealed by eosin (fig. 361).
These strata are poorly defined in figure 360; however, more
distal on the shaft, they are sharply delineated (fig. 361).
Adjacent to the transitional layer is a thin cornified layer that
is strongly colored red. Short spurs from this layer dip between the transitional cells, giving further evidence for the
idea that the keratin of the corneum is extracellular in origin.
Beyond this is a yellow staining layer of varying width. As
seen in cross sections, the change from the thin "red" line to
the "yellow" band is abrupt. On the opposite side of the
"yellow"layer there is a transition to a pink staining layer of
corneous cells. Between adjacent bristles the "yellow" layers

may either meet midway to the exclusion of the "pink" layer
or the "pink" layer may be thick and common to two bristles.
In such places the "yellow" layer is usually thin. More study
is needed before these strata can be named. BulUard (1926)
also noted staining differences in the corneum and identified
one of the layers as a true stratum corneum, but we cannot
determine from his description whether he was referring to
the thin "red" line or the thicker "yellow" or "pink" bands.
The dermis forms the pulp of each beard bristle. BuUiard
(1926) described and named three zones of pulp—a basal zone
characterized by dense connective tissue, an intermediate
zone that is highly vascular and packed with many sinus

Longitudinal section of a bristle

An oblique section through epidermal wall

Pulp medulla common to 2 bristles

i^

Basal zone of pulp
(connective tissue)

Compact layer of deep dermis
(stratum compactum)

Small bundle of smooth muscles

Adipose tissue

Loose layer of deep dermis «
(stratum laxum)
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Í -t
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358.—Section through beard, bristles, and outer part of beard papilla of a young male Bronze Turkey. Bouin fixation.
Margolena and Dolnick (1951) stain for keratin and connective tissues.
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359- -Horizontal section of beard bristles through the basal zone of the pulp at a level where the individual bristles are
still bound together by the corneous layer. Young male Bronze Turkey. Bouin fixation. Margolena and Dolnick (1951)
technique.
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capillaries, and a terminal zone where the pulp has dried and
caps have been produced. The collagenic connective tissue
fiber bundles are uniform in size, separated by uniform spaces,
and oriented lengthwise through the bristle. In most areas
columns of fibrocytes separate the collagenous bundles; they
are more numerous than usually found in dense connective
tissue. Elastic fibers are present; these are delicate and
stretched approximately parallel to the collagenic fibers.
The arteries and veins of the basal zone are small terminal
vessels, examples of which are shown in figures 359 and 360.
There are generally more arteries than veins; we have found
ratios of 9 to 1 and 5 to 1, with the average being 2.4 to 1.
Capillaries have a small diameter usually only large enough
for the passage of a single red blood cell.
The pulp of the intermediate zone shows several sinus
capillaries instead of terminal arteries and veins. These are

usually so large that a few of them fill most of the available
space of the pulp. The sinus capillaries join together in
anastomoses in exactly the same way they do in the superficial layer of the skin or in the combs, wattles, and red earlobes of chickens; their walls are limited to the endothelial
layer. Transverse pericapillary muscles were not observed.
We do not have longitudinal sections of the tips of the
beard bristles, but BuUiard (1926), who studied them, noted
that the vascular zone becomes reduced, the connective
tissues lose their staining capacity and change to a hyaline
type, and most important of all, the atrophy of dermal
connective tissue leaves corneous caps in its place.
The zone of sinus capillaries is reminiscent of the vascularity often found in the superficial layer of the dermis. No
evidence for the existence of a stratum superficiale was to be
found in the dermis below the bristles or in the pulp of the
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360.—Section of pulp and epidermis from the basal region of the beard bristles magnified to show cells and tissue
organization. Dark and light staining layers are, respectively, the equivalents of "pink" and "yellow" layers of corneum in
figure 361. Bronze Turkey. Bouin fixation. Margolena and Dolnick (1951) technique.
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361.—Longitudinal section of a portion of the epidermis from wall of a beard bristle sheath showing differences in
tinctorial reaction to eosin. The intercellular spaces of the transitional layer stain dark red, above this is a broad layer of
corneum that stains yellowish orange. The corneum midway between two bristles stains pink. The space in the "yellow"
layer indicates that some of the corneum has been omitted from the drawing. Compare with figure 360. Beard of a Bronze
Turkey. Bouin fixation. Hematoxylin and eosin stain.

FIGURE

basal zone. If there is a superficial layer, it must be incorporated within the pulp of the bristle.
BuUiard (1926) concluded that the development of beard
bristles resembled those of contour feathers, but the resemblance is slight indeed. However, we cannot entirely ignore
the similarity, superficial though it may be, between pulpcontaining evaginations in the first stages of down development and the mature beard bristles. The regression of beard
pulp which leaves behind corneous caps, is reminiscent of
this process in the maturation of feathers. Certainly what we
see in the histology and development of beard bristles does
not duplicate stages in feather development, but these bristles

and feathers may still be homologous even if not structurally
alike. Feathers at their inception most probably did not
appear full blown as are found in Archaeopteryx; they must
have passed through a series of developmental stages. The
first feathers were probably solid shafts, as suggested by
Schorger (1957), a possibihty that we have also indicated in
our discussion of epidermal cords (p. 496). Schorger considered the next stage as one where a pithy medulla developed—similar to the turkey beard bristle—which he called
a mesoplume. This hypothesis can neither be proved nor disproved, but Schorger's thought that the bristle of the turkey
may resemble an early stage in the evolution of feathers is
worthy of thoughtful consideration.

BEAK OF CHICKEN
General
The beaks of birds vary greatly in form to meet a variety of
functions (p. 5) of which the following are the most universal: (1) Procuring food, holding it, and, when needed,
transporting it to nestlings; (2) making displays and actions
involving aggression, defense, and courtship; (3) nestmaking
and turning incubating eggs; (4) grooming and preening; and
finally (5) producing such sounds as clacking and snapping in
some birds. The horny covering of the beak (rhamphotheca)
in most birds is hard and not readily flexible, but in such
species as ducks, geese, and swans the beak covering may be
membranous and easily cut or indented. The tip of the beak,

especially the upper, may be particularly sharp and hard so
that it, along with the tomial edges, grasps or penetrates food
readily. The beak of such aquatic feeding birds as ducks and
flamingoes may remove small particles of food by passing the
water through sievelike lamellae along the edges of the bill
(figs. 2, C, p. 7, and 13, p. 20).
In some birds there may be a change from a hard keratin to
a membranous tissue adjacent to the forehead region. Often
this is designated as a cere, and this softer keratin may be
naked or feathered. The junction of the bill to the soft skin of
the head may be either gradual or may include an eponychium, which is the corneous extension of a beak fold laid
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above the hard covering of the beak proper. An eponychium
seems to be more commonly associated with a hard rhamphotheca rather than a soft one, although the Common Swift
(Apiis apus), which has a relatively soft rhamphotheca, is
given as an exception by Lüdicke (1933: 484).
The tissues of the rictus form another transition from the
hard keratin of the beak to the thin, soft corneum of the skin;
cross sections through the base of the beak usually include a
thin band of rictal tissue covering part of the upper and lower
beaks. Much of the strength and rigidity of the beak comes
from the underlying bone. The microscopic structures of the
beak vary greatly among différent types of birds as is evident
from the descriptions by Lüdicke (1933); our studies are
based on the young chicken.
The dermis occupies the space between epidermis and
periosteum of the underlying bone. Its thickness may be
variable, but at no place does the beak dermis show any
differentiation into layers as described for body skin. Even a
subcutis appears to be absent. Krause (1922: 192) observed
in his studies of the beak of the pigeon that the dermis was a
single layer of dense connective tissue without subdivisions.
He described the subcutis as loose, nonfatty connective tissue
with abundant blood vessels and nerve plexuses. We find that
both collagenic and elastic tissues are abundant and closely
packed; the blood vessels they support range from medium
size to capillaries. Avian lamellar corpuscles are numerous,
especially in the anterior half of the beak, and these are
concentrated largely near the cutting edge.

Histology
Caudal end of beak
Changes in the histology of the caudal end of the beak
between hatching and 40 days posthatching are relatively
minor. More important than age are the points along the
length of the beak at which sections are taken. We will attempt to locate closely the different levels by presenting
photographs at low magnification and by referring to various
internal and external anatomical landmarks.
upper beak,—A transverse section (fig. 362) through the
anterior end of the interpalatine cleft cuts across the head at
the level of the prefrontal bone, well behind both its external
osseous rim and the nares (see fig. 7, p. 12, for parts of skull).
At this level the upper jaw is represented^by the jugal bar
and the lower jaw by four bones, the two largest being dentary and splenial. The plane of section may be such that the
tongue is either free on its ventral surface or has a narrow
region of attachment to the floor of the oropharynx.
As may be noted in figure 362, the lower beak shps inside
the upper beak when the jaws are closed and fits into a notch
in the roof of the mouth. The medial side of the notch is part
of a palatine ridge. The ridge dips downward into the space
between the lateral margin of the tongue and the lingual side
of the lower jaw. The central portion of the roof of the mouth
between the palatine ridges is slightly elevated, and the
tongue may be fitted into this space when pressed against it,
occluding then the anterior end of the choana.

Lüdicke (1933) divided the keratin of the beak into two
types according to function and location—covering horn
(Deckhorn) and bearing horn (Traghorn). According to his
description, the covering horn Hes on the outer surface of
upper and lower beaks. At each tomial edge Lücücke ob=
served a sharp transition from covering horn to bearing horn.
In the upper jaw this type of keratin extends over the roof
of the mouth as far as the crest of the palatine ridge. This
obviously includes some soft, flexible tissues that would not
be designated as beak but rather as mucous membrane. In
figure 362 internal and external limits of beak are indicated
by brackets. The placement of these was determined after
examination of living and freshly killed specimens because
from sections alone it was not possible to determine where
the horny beak tissue ends and the mucous tissue begins.
The section shown in figure 362, taken near the caudal end
of the gape, shows a ridge of rictal tissue that shghtly overlaps the upper edge of the beak. The mandibular rictus is
similar except that the tip of the ridge points away from the
tomial edge.
The transition from rictus to rhamphotheca is shown in
figure 363 from the upper jaw of a chicken 2 days posthatching. The thin germinative layer of the rictus becomes a
thick epithelium with a serrated basal surface on the lateral
face of the rhamphotheca. Here dermal papillae make their
appearance, and each carries a capillary close to the basal
surface of the epidermis. Since none of the transverse sections examined showed either papillae or capillaries cut
obliquely, we assume that what has been designated here as
papillae are in reality a series of epidermal ridges and grooves
with a capillary in each of the grooves extending longitudinally. The nutritional needs of these tissues appear to
diminish where the epidermis lies on the cutting edge of the
beak, because in this location the germinative layer remains
thick but the papillae disappear. It should be noted that the
transitional layer of the stratum germmatwum is much thicker
than it is in body skin. This characteristic occurs also in the
rictus (fig. 338), and from our studies of the small scales on
the plantar side of the toes, we regard this configuration as
characteristic of soft keratin. Soft keratin is identified histologicaliy by the foamy appearance shown in figure 363. (See
page 602 for further discussion of two types of keratin.) At
the caudal end of the gape, the beak is covered by a ventral
extension of the rictus, and for this reason the beak in this
part is a soft keratin. Rost rally the rhamphotheca changes
to hard keratin.
The germinative layer remains thick only for a short distance on the inner surface of the rhamphotheca. Along the
remainder of the lingual side, it is thin and continues as a
thin layer throughout the outer half of the groove but thickens again on the palatine ridge. Some measurements (in
microns) taken from a specimen killed at 2 days of age are as
follows: on the outside lateral surface, the germinative layer,
including the epidermal papillae, was 61M and the corneum,
O6M; at the tomial edge of the beak the germinative layer was
77M and the corneum, 75M; and the epithehum of the groove
receiving the lower beak had a germinative layer, 25M and a
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362.—Transverse section through the head of a female Single Comb White Leghorn Chicken, 8 days of age. This
section, taken at the caudal end of the gape, aids in orienting figure 363. Some identifying reference structures are the
internal nares (choana II), common internal nasal opening (choana I), superior and middle conchae, and absence of inferior
concha (vestibular fold). Bouin fixation. HematoxyJin and eosin stain. Abbreviations: Ant., Anterior; b., bone; Br., Branch;
cart., cartilage; gls., glands; n., nerve; proc, process.
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corneum, 15/i. The measurements of germinative layer thicknesses are reliable, but those of the corneum are questionable
because of the ease with which the outer sheets of this layer
are lost during processing.
The cells of the basal layer vary in height and width,
within the epidermal papillae the cells are long and slender,
but bounding the grooves they are low and cuboidal. The
intermediate layer is a fairly straight band of cells and does
not dip into the papillae. It is about two to three cells thick;
"intercellular bridges" are abundant, and above this layer is
a thicker transitional layer. As in the rictus (fig. 338), the
intercellular material stains more darkly than in the intermediate layer below. Thus is identified the formation of inter-

cellular laminae. In the lower corneum the same intercellular
sheets become clearly defined as the cells of the intermediate
layer degenerate. Beyond the layer of degenerating cells, the
cornified _ sheets (corneous laminae) become flattened and
pressed together, and cell identities become obliterated, except for persistence of dead nuclei. Among the techniques
tried, the nuclei are revealed best in Ungewitter's (1951)
urea-silver method.
The tomial edge is rounded (figs. 362 and 363), and the
flattened sheets of the corneous layer parallel the curvature
of the germinative layer. At a more distal point along the
beak, the corneous sheets from the lateral and medial surfaces approach each other at an angle. Their junction in
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363.—Transverse section of upper beak and rictal ridge (rictal fold) ; Although this section was taken somewhat rostral
to that used in figure 362, it was still caudal to the external nares. Single Comb White Leghorn Chicken, female, 2 days of
age. Zenker-acetic fixation. Giemsa stain.
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cross section is marked by a line approximately perpendicular
to the germinative layer, but on the basal end of the beak
this junction line does not exist.
The thin epidermis of the roof of the mouth, against which
is pressed the tomial edge of the lower jaw, has a basal layer
composed of cells of different lengths. As in a pseudostratified
epithelium, some are short and rounded, others, long and
columnar, and others at a higher level appear unattached to
the basement membrane. At this higher level the intermediate cells are rounded, but become flattened as they move outward. The transitional layer adjacent to the corneum is only
two to three cells thick.
The dermis contains a great many elastic fibers that are
distributed in various directions, but these fibers do not produce an elastic lamina. Those passing in a central direction
end at the periosteum so that it would appear that no elastic
fibers were included in the bone matrix. The fibers are more
closely packed on the medial side of the jaw than en the
lateral.
Lower ôeafc.—The îàamphotheca on the lower beak is
iátjülai'^ j&at on the upper in that (1) the germinative layer
-saftîck oa the lateral surface and has epidermal papulae that

interdigitate with dermal papillae, and (2) avian lamellar
corpuscles are numerous on the lateral surface and at the
tomial edge.
A short distance anterior to the level shown in figure 362,
the lateral and medial boundaries are more clearly defined
(fig. 364). A new feature has come into existence, namely the
invasion of a well-developed small dermal blood vessel into
the epidermis. It parallels the tomial edge of the beak and
has been named the "tomial vessel." This is shown at higher
magnification in the upper jaw (fig. 367, A and B). The depression produced by the vessel flattens the cells of the basal
layer but does not destroy them. At this level of the beak,
the laminae of the corneum curve concentrically with the
germinative layer across the dull, rounded cutting edge. Such
is characteristic^ of the caudal part of the beak, but more
rostrally the cutting edge becomes sharper, and laniinae
crossing the edge change direction abruptly.
The dermis of the lower rhamphotheca diows less development of its coUagenic t^ues than does that of the upper
rhanaphotbeea; in a hematoxylin and eosia preparation a
miijgUiig of ceils and scattered S)?ers reseipbles mesenchymal
tissue. As in the upper rhamphotheca> the dernais is widest
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364.—Transverse section of lower beak between the interramal region and the symphysis. The beak covers the lower
jaw entirely from medial margin on one side to medial margin on the other. Single Comb White Leghorn Chicken, 2 days of
age. Zenker-acetic fixation. Giemsa stain. Abbreviations: b., bone; Br., Branch; n., nerve.
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on the lateral surface, slightly less on the tomial edge, and
narrowest on the medial side (fig. 364). Elastic fibers are
numerous but are not as abundant as in the upper rhamphotheca, except adjacent to the periosteum, where they
form a dense mat of fibers; however, none of these penetrate
the periosteal collagenic tissues.

Beak at anterior end of external nares
A section of beak at the anterior end of the external nares
(fig. 365) lies anterior to all of the conchae except for the
extreme tip of the vestibular concha. The operculum is well
arched. The anterior edge of the comb plate is present, which
Anterior end of comb plate
Beak fold (eponychium)
dorsal — beak fold
ventral — root
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365.—Transverse section through the head of a chicken at the anterior end of the nasal capsule; this is also through the
root of the beak. The beak fold is the anterior continuation of the comb plate. The maxillary beak is shown at higher
magnification in figure 367. Single Comb White Leghorn Chicken, 8 days of age. Bouin fixation. Hematoxylin and eosin stain.
Abbreviations: Ant., Anterior; b., bone.
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366.—Transverse section of the beak at its basal end, taken immediately anterior to the nasal cavity. The eponychium
projects from the divided beak fold over the surface of the beak. Single Comb White Leghorn Chicken, 8 days of age.
Margolena and Dolnick (1951) stain. Abbreviation: c. t., connective tissue.
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at this age (8 days) has grown slightly forward over the root
of the beak, so that above the nasal arch there are three
layers of epidermis—a single layer on the outside of the
eponychium and a reflected (double) layer beneath it. The
upper layer of this reflected fold is the ventral side of the
eponychium, and the lower is the caudal end of the rhamphotheca. As in the eponychium of the toes (p. 606, and figs.
380 and 384), the corneous laminae form a loose net, typical
of soft keratin. A few sections forward, beyond the nasal
cavity, the rhamphotheca appears beneath the eponychium
(fig. 366).
Upper beak.—The rhamphotheca of the upper beak covers
all of the lateral surface of the upper jaw below the nostril
but only a small portion of the medial surface (fig. 365). At
this level the tomium, although still rounded, is acquiring a
cutting edge (fig. 367, A).
The basal layer, where it approaches the tomial edge from
the medial and lateral sides, is composed of narrow, tall
columnar cells except beneath the tomial vessel. The small
tomial vessel indents the basal layer and modifies these cells
so that they are depressed to a low cuboidal or to a squamous
shape.
The intermediate and transitional layers are each several
cells thick. As seen on the outer surface of the beak, the
change from epidermis to corneum is abrupt, a characteristic
of hard keratin. As seen on the terminal edge of the beak, the
transition typical of hard keratin still exists, but an additional

feature is added. At the tomial edge transitional cells survive
within the corneous laminae in the form of a narrow, pointed
column. This occurs where the corneous laminae of the lateral
surface abruptly change direction as they bend toward the
medial surface (fig. 367, A). The length of the column is
about one-third of the thickness of the corneum. Extension
of the transitional cells across the corneum begins only at a
level opposite the extreme anterior end of the external nares.
Even a few sections caudal to this, the germinativo layer is
rounded rather than drawn out into a column of basophilic
cells. The column in this position becomes increasingly long
toward the tip of the beak and may extend nearly through the
corneum.
The seeming inconsistency that follows in naming the
columns has arisen because the columns and edges appear to
shift medially. A thickening of epidermis on the outside of the
rhamphotheca may become a new tomial edge distally. Still
farther toward the tip a thickening migrates toward the
lingual side of the rhamphotheca, losing its association with
a cutting edge. Therefore, at the level of the external nares
the row of cells has been designated as the lateral column of
intermediate cells (fig. 367) ; however, a short distance anteriorly (fig. 368) this row has been labeled a medial column,
and a new lateral column has arisen. Near the tip of the beak
one column fades out and is succeeded by another that is
more medially placed. The medial column in figure 367 is
represented by a thickening of epidermis on the lingual side
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of the beak. The shifting of columns is probably associated
with the slight ridging of the corneum that obliquely crosses
the edge.
What we have shown here to be a column of transitional
cells across the corneum, Lüdicke (1933) depicted as a line
of junction between the corneous sheets from the medial and
lateral sides of the beak. We have not followed Lüdicke in
this because the corneous sheets from the two sides do not
end at a ''junction line'' but instead continue without break
concentrically to the cutting edge.
The nuclei of intermediate cells directly over the capillary
and forming the basal end of the lateral intermediate column
show three types of degenerative nuclear reactions. One type
involves cytoplasmic vacuoles developed in juxtanuclear
positions, which indent nuclei into the shape of crescents, as
depicted in other integumentary areas (fig. 299 (asterisk),
p. 496, and fig. 367, B). The reaction in the tomium of the
beak involves about half of the nuclei. Margination of chromatin involves most of the remaining nuclei. Margination
may or may not be accompanied by the development of
intranuclear inclusions. Lesions affect nearly all of the cells
peripheral to the tomial vessel. When present, the intranuclear inclusions are of the homogeneous acidophilic type
(fig. 367, B, near the basal layer). Sometimes clumps of
basichromatin are attached to them. The structure of the
inclusion identifies it as a hypertrophied plasmosome nucleus
of the type studied by Birch and Lucas (1942), and first produced by Olitsky and Harford (1937, 1938). Some intranuclear inclusions are of the granular, herpes t^'-pe. Other
nuclei show chromatin margination but without inclusion
bodies. Cowdry and Kitchen (1930: 277) designated such
nuclei as empty nuclei or ghost nuclei in their studies on the
cytopathology of yellow fever. Nearly all of the atypical
nuclei shown in figure 367, B, are of the vacuole-indenting
type rather than ghost nuclei.
The dermis is highly cellular with delicate collagenic fibers
intertw^ined in all directions and a few dense bundles of connective tissue. Elastic fibers are numerous below the epidermis and along the outer surface of the periosteum, but
none of these fibers penetrate the periosteum proper or the
bone. Avian lamellar corpuscles are abundant in the dermis
of the lateral face of the rhamphotheca (Malinovsk}' and
Zemanek, 1969, and Wight et al, 1970).
Beak anterior to nostrils
The frontal and maxillary processes of the premaxilla are
close together in a section anterior to the nostrils (fig. 368),
having separated from the body of the premaxilla just a short
distance rostral to the nose. In figure 7, page 12, this section
would he just sUghtly caudal to the forward end of the osseous rim of the nose. At this level the rhamphotheca entirely
covers the dorsal and lateral surfaces of the beak. It is difficult to determine from sectioned material where the corneum
of the medial face ends and the corneum of the groove begins
into which the lower jaw rests, but the distinction is easy in
the living specimen; the exterior of the beak is yellow, and
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all of the epidermis of the roof of the mouth including the
''groove'' is grayish white. The location of the boundary line
based on color of the specimen is shown in figure 368. The
hard keratin of the groove suddenl}^ changes to soft keratin
where the corneum becomes reduced in thickness. In the
area of hard keratin, the transitional cells without vacuoles
gradually change to flattened corneous laminae, whereas in
the area of soft keratin the cells of the transitional layer are
vacuolated, and the change to corneum is abrupt.
Culmen.—The epidermis on the dorsal part of the beak is
unusually thick (figs. 368 and 369), and the dermal papillae
are usually long and narrow and bear capillaries that push
into the epidermis. Because most of the vessels are cut transversely rather than obliquely or longitudinally, we assume
that they are coursing longitudinally through the epidermis
parallel to the line of the culmen. Some vascular tubes are
found only a short distance below the transitional layer,
having penetrated most of the thickness of the intermediate
layer. Small dermo-epidermal tubes usually contain two capillaries, probably one afferent and the other efferent. The
larger tubes usually have only one vessel. This vessel is
larger than a capillary.
Because it is universally characteristic for a layer of epidermal basal cells to he adjacent to the dermis, the cells
around the dermal papillae were examined to see if basal cells
were still present where these small papillae extended far
into the intermediate layer of the epidermis. Basal cells were
observed, usually as a single row of flattened cells that encircled the dermal papilla. Although they did not stand out
clearly from the adjoining intermediate cells, they could be
distinguished from the intermediate cells by a distinct space,
their shape, a difference in staining intensity, or by the structural character of the cytoplasm.
Lateral surface.—On the lateral surface of the beak the
epidermis becomes less thick than along the culmen; the
dermo-epidermal tubes diminish in size, and capillary vessels
carried by the dermis no longer penetrate the epidermis. The
beginning of the transition can be seen in the lateral part of
figure 369, where the dermal papillae are shallow. The cell
layers and cell shapes are typical for epidermis in the dorsal
part of the lateral surface of the beak, but in the ventral part
of this surface where the epidermis spreads, the basal cells,
although still columnar, are inclined toward the tomial edge
at about a 60° to 45° angle. The intermediate layer is only a
few cells thick. Spaces between cells crossed by "intercellular
bridges" are distinguishable. Peripherally the cells become
flattened and merge into a thick layer of transitional cells.
Both layers have cells with basophilic cytosomes. The corneum is identified by its acidophilic affinities.
Tomial edge.—In passing from the side of the beak to the
tomial edge, further change takes place as follows: the basal
cells become flattened rather than columnar, the flattened
cells of the intermediate and transitional layers change to
polygonal or rounded cells, those of the transitional layer
gradually transform to corneous cells, and the germinative
layer as a whole becomes drawn out into a sharp ridge. In
the medial column, which at the level of this section (fig.
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368) forms the cutting edge, the nuclei of nearly all cells
above the basal layer show three kinds of abnormalities. As
described on page 585 and shown in figure 367, B, these
abnormalities are (1) margination with acidophilic inclusions, (2) indentation of nuclei by large cytosomal vacuoles,
and (3) empty nuclei with marginated chromatin. In the
swelling of the germinativo layer that marks the beginning
of the lateral column, about one-third of the nuclei shows
initial stages of the same cytopathologic reactions. These
two thickenings, medial and lateral, persist to the tip of the
beak, but the "active" column (that which sends cells into
the corneum) alternates in position between medial and
lateral.
The corneous laminae of medial and lateral surfaces
abruptly change direction at the cutting edge of the beak,
and again there is no evidence of discontinuity between the
laminae of the inner and outer faces.
The descriptions of upper and lower rhamphotheca thus
far have been based on chickens that were 8 days of age or
younger. Further description of the lower and upper beak
follows next in the discussion on a 40-day-old chicken.

The following description is based on material taken from
a Single Comb White Leghorn Chicken, 40 days of age. The
sections were cut transversely near the tip of the beak at a
level where processes of the premaxilla were beginning to
separate from the body of the premaxilla (fig. 370) and anteriorly to the undivided body of the premaxilla (fig. 372).
Upper beak.—A cross section of the beak near its tip has
the shape of a horseshoe (fig. 370). The corneum is of uniform, moderate thickness throughout, except at the tomium
where a greater width would be expected. The germinativo
layer at the top of the beak shows only a few low, broad
papillae, and the dermis does not push up into the germinativo layer as it did farther caudally (fig. 369).
The rhamphotheca is hard keratin throughout as may be
determined by the fact that the transitional layer is thick,
and its flattened cells merge gradually into the corneum. The
change in staining from basophilic (intermediate layer) to
acidophilic (corneum) is abrupt; however, near the cutting
edge, at the swellings that mark the lateral and medial

Maxillary proc.
of premaxilla
Medullary vein
Epidermis
Vessels and nerves
in dermis
Avian lamellar
corpuscle
Periosteum

Groove for lower jaw
(bearing horn)
Thickened epidermis (medial column)

Rhamphotheca
(covering horn)

Tomia! capillary and dermis
pushing into epidermis
Projection of transitional layer
into corneum (lateral column)
RB^V^INd—

0.10 mm.
Tomial edge
FIGURE

367.—Maxillary beak magnified to show detail additional to that illustrated in figure 365.

A, the corneous laminae of medial and lateral faces of the beak bend
sharply at the tomial line, but there is no break in continuity as
suggested by Lüdicke (1933). The early stages in establishing medial
and lateral columns are shown. Data for the specimen are given in the
legend of figure 365. Abbreviation: proc, process.

B, epidermis of area marked in A by the asterisk shown at a higher
magnification. Included is a small part of the dermis with its tomial
vessel. Two types of atypical cells are shown—(1) intranuclear
inclusions and (2) cytoplasmic vacuoles that compress the nuclei into
crescents.

BEAK OF CHICKEN
columns, are many hypertrophiée! nuclei with marginated
chromatin and some intranuclear inclusions of the amphinucleolar type shown in figure 367, B. At the tomial edge the
corneous layer clearly follows a broad curve from the lateral
to the medial surface of the beak, and a column of transitional
cells cutting across the layer is absent. A few sections rostral-

Basal layer of epidermis-
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ly, some transitional cells form a penetrating wedge into the
corneum.
A small section of the lateral wall of the beak (fig. 371), the
location of which is indicated by the rectangle placed on
figure 370, illustrates that the corneum is considerably
thicker than the germinativa layer, that the basal cells are

Dermis

Red blood cell
Endothelium of tomial capillary
Plasmosome inclusion body
"Intercellular bridges"

Intermediate layer of epidermis

y

Amphinucleolus inclusion body
Marginated basichromatin
Cytoplasmic vacuole indenting nucleus
Nucleolus

Transitional layer of epidermis

Corneum ^—
External side of rhamphotheca

B
Tomial edge
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Culmen of beak

Frontal proc. of premaxilla

Maxillary proc. of premaxilla
Medial plate of premaxilla

Soft keratin
Hard keratin
Lateral column
External face of rhamphotheca
Internal face of rhamphotheca
Adipose tissue
Roof of mouth
Groove for lower jaw

Medial column

Boundary between beak
and mouth epidermis

FiGUBE 368.—Section taken rostral to the nasal ca\aty and just caudal to the separation of frontal and maxillary processes
of premaxilla (see fig. 7, p. 12). At this level, the beak covers all surfaces of the rostrum except the roof of the mouth. Area
within rectangle is shown at higher magnification in figure 369. Single Comb White Leghorn Chicken, female, 8 days of age.
Bouin fixation. Hematoxyün and eosin stain. Abbreviation: proc, process.

tall and columnar, that the intermediate layer is thin, and
that the transitional layer is thick with flattened cells. The
change from transitional layer to corneum is abrupt when
based on staining affinity, but the change in cell structure is
gradual. The techniques necessary to determine the presence
of a basement membrane were not used on this set of slides;
however, on other slides of the beak in younger chickens, the
basement membrane was observed as a PAS-positive line
that separates the basal layer of cells from the underlying
dermis.
The dermis here, as in more caudal locations, cannot be
subdivided into layers, though it occupies all of the space
from epidermis to periosteum. Both collagenic and elastic
tissues are abundant, and these strongly bind rhamphotheca
to bone. The periosteum covering the bone is a thick layer of
fibroblasts and collagenic tissues directed perpendicularly or
at an angle to the bone surface. Many of the fibroblasts on
the surface of the bone function as osteoblasts, and accompanying bone growth becomes incorporated into the matrix.
In some areas the thick periosteum, as labeled in figure 371,
is absent, and the dense layer of collagenic and elastic tissue
above it comes to lie against the surface of the bone. Examples are abundant of early stages of haversian systems.

The spaces in the matrix contain a small blood vessel concentrically surrounded by cells and fibers. In figure 371 these
have been labeled " protohaversian systems in primary bone
tissue," a term taken from Enlow and Brown (1956).
Near the tip of the beak where the premaxilla is a single
bone without processes, the medial column projects entirely
across the corneum (fig. 372). Where the column is short, as
in figure 367, A, only the transitional layer contributes to the
column, but where the column passes through the entire
thickness of a long cutting edge, as in figure 372, the dermis
as well as all layers of the epidermis become involved. The
epidermis is folded on itself, making a sharp ridge, which
appears in cross section as a tapered point. The dermis projects between the two epidermal layers and carries capillaries with it. Some of these may be found far out in the
tomium. The cells of both basal and intermediate layers are
flattened to a thickness of about 2 microns. Both layers may
be found at least as far as the last dermal capillary cavitating
the epidermis. The cells of the transitional layer project outward at about a 45° angle, and the adjacent corneum continues at the same angle, but toward the outside the laminae
curve parallel to the surface. Two sources of cells contribute
to that part of the medial column located within the corne-
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369.—Dorsal sector of a beak in the area enclosed by rectangle in figure 368. Dermis and capillaries penetrate deeply
into the thick epidermis. Single Comb White Leghorn Chicken, 8 days of age. Bouin fixation. Hematoxylin and eosin stain.
(For data on intercapillary distances, see Lucas, 1970, table 1.)
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370.—Transverse section through the upper beak near its anterior tip. The area enclosed by the rectangle is shown at
higher magnification in figure 371. Single Comb White Leghorn Chicken, 40 days of age. Bouin fixation. Hematoxylin and
eosin stain.
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um; the proximal part is composed of transitional cells, and
beyond this, the corneum itself produces a basophilic layer
that cuts across the laminae. The laminae of the corneum
make a sharp bend at the column, but these are complete so
that continuity between the lamina of inner and outer sur-

faces is maintained. In this part of the beak as well as at the
proximal end we failed to confirm Lüdicke's (1933) suggestion that there is a discontinuity of laminae between the
inner and outer surfaces of the beak.
Lower beak.—The chicken, 40 days of age, that served for
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Nuclei of corneous cells

Germinativum:
— Transitional layer
.^Intermediate layer
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FIGURE

371.—High-power magnification of the area enclosed within the rectangle in figure 370, showing the tissue layers and
the arrangement and shape of cells of the lateral surface of the beak near its tip.
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372.—Section where the tip starts to curve downward over the rostral end of the lower beak. At this level the premaxilla occupies nearly all of the space enclosed by th^ epidermis. The asterisk identifies the end of the medial face of the
beak. Keratin that is almost as dense as that of the beak covers the roof of the mouth. The lateral column here is only a
thickening of the epidermis. The lateral and medial columns here are not the same as the medial and lateral columns in
figure 368, and these in turn are not the same as those in figure 367 (see text p. 586). Single Comb White Leghorn Chicken,
male, 40 days of age. Bouin fixation. Margolena and Dolnick (1951) technique.

FIGURE

the description of the upper beak near the tip, also provided
information on the lower beak. The section shown in figure
373 was taken through the symphysis of the lower jaws near
the rostral tip. The bone is a thin, curved plate with only
small marrow spaces. Surrounding it is a thick dermis layer,
composed of dense coUagenous tissue with many cavernous
spaces (fig. 373, C). These are thin walled, and often in sectioning the large ones are broken (fig. 373, A and B). The
cavernous spaces have not been found to contain blood cells
and at present their significance is not known; they may
represent part of the pneumatization system of the head.
Search was made for cilia, but none was found. If these are
air spaces, it is atypical for them to be present in the dermis
rather than inside the bone. Müller (1907: 389) stated that
subcutaneous airspaces occur in pelicans. Mayaud (1950: 4)
mentioned pneumatization of skin in boobies, tropic-birds,
and to a lesser degree, in pelicans. Skin pneumatization was
present also in screamers (Anhimidae), frogmouths (Podargidae), and rollers (Coraciidae). Bremer (1940: 150) described an air tube from the middle ear to the base of the
mandible but found that after initially penetrating the lower

jaw by way of periosseous mesenchyme, the air sac atrophied
and disappeared. He observed that the mandibles of the fowl
are not pneumatized. Coues (1903: 164) stated that the
lower jaw was pneumatized. More study is needed on the
subject.
Arteries and veins within the dermis are joined to capillaries that bulge into the basal layer of the epidermis on the
oral side of the beak (fig. 373, B). The tomial vessel described
for the proximal end of the beak is still present (fig. 373, A
and B). These vessels are encircled by a covering of flattened
basal and intermediate epidermal cells. Here, in the tip of the
lower beak, the number of avian lamellar corpuscles is greatly
reduced.
At this level the medial and lateral columns are clearly defined in the same section. The lateral columns extend to the
tomium slightly medial to the tomial edge (fig. 373, A and
B). Close examination of these protuberances shows that the
cells are basophilic and the nuclei are intact, as they are
where they are part of the intermediate layer. The cells may
be either in small groups or isolated. The basophilic bodies
near the tips of the beaks (fig. 373, A and B) are degenerated
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373. -Lower beak at level of symphysis of right and left mandibles a few sections rostral to the upper beak shown
in figure 370.

A, enlargement of one tomial edge to show detail of columns.
B, enlargement of opposite tomial edge to show additional details of
columns.

C, complete cross section of lower beak at low magnification. Single
Comb White Leghorn Chicken, male, 40 days of age. Bourn fixation.
Margolena and Dolnick (1951) technique.

transitional cells and now represent the deepest laminae of
the corneum. The medial columns also are composed of

dermis tissue and of blood vessels that push the epidermis
ahead of them. A good example is shown in figure 373, A.

CERE
Great Horned Owl
Gross morphology
A suitable definition for a cere (cera) is discussed on page
29, and the one given by Beddard (1898) seemed most applicable, namely, the cere is the basal part of the beak that has
remained soft. It may be feathered as in the parrots and
some breeds of pigeons or bare as in the Common Pigeon and
Great Horned Owl (Bubo virginianus). The cere is not con-

spicuous in the latter species because it is as deeply pigmented as is the hard portion of the beak.
The boundary between the hard and soft parts of the beak
can be distinguished by probing with a blunt instrument.
The keratin of the rostral part resists deformation, whereas
the cere is composed of flexible, membranous (soft) keratin.
In captive owls the cere often becomes abraded against the
wires of the cage, but the hard beak does not. The cere is
actually a modification of the operculum, which, in tiirn, is
that portion of the cartilaginous nasal capsule that overhangs the nostrils.
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CERE
Histology
Cross sections through the basal end of the beak show
clearly the identity of cere and operculum. About the only
significant differences are the slightly greater thickness of the
germinativum and the protruding folds of epidermis and
dermis in the cere. Large, thin-walled vessels project into the
folds. Immediately beneath the epithelium is a thin layer of
dermis composed of delicate collagenic connective tissue
fibers. Beneath this is a very thick layer of dense bundles of
closely packed collagenic tissues, which continues on to the
periostemn of the nasal arch. Throughout the cere are widely
dispersed melanocytes, mostly present in the dermis, but a
row of them lies among the basal cells of the epidermis.

Common Pigeon
Gross morphology
The cere of the pigeon is a pillowlike structure located at
the base of the beak. It covers most of each operculum (fig.
374). Along the dorsal midline is a median groove of the cere
between the tumid protruding portions lying to the right and
to the left. The relationship of the cere to the skeletal system
is shown by a bracket in figure 19, page 27. As in the chicken,
the dorsal pair of bones are the nasal processes of the premaxillae, and the ventral pair are the maxillary processes of
the nasal bones.
The ceres observed in our Common Pigeons were chalk
white, but in some fancy breeds they may be dark red or
dark gray. The whiteness is due to a flecking off of the superficial layers of the comeum and simulates dandruff in color

and character. BolUger and Gross (1954) called these skin
flakes. The same scaling of the surface is abundant over all
surfaces of the head, especially on the eyelids. Levi (1957:
224) referred to the growth aroimd the eye as the eye cere
and to the one on the beak as wattle, beak wattle, or nostril
cere. He mentioned the large, folded cere of the Carrier
Pigeon. The carunculous character of the cere in the Dun
Carrier is so extensive that only the tip of the beak protrudes,
and the cere in the Blue Dragon is well developed also. These
breeds are shown in color by Levi (1965).
Histology
^4 days.—The cere has developed interdigitating epidermal and dermal papillae, especially in the midcentral part
that forms the median groove (fig. 374). Epidermal and dermal papillae of the same type are present on the lateral portions of the cere overlying the nasal capsule, except that the
papillae vary in magnitude, depending upon location. The
largest are on the uppermost part of the operculum; from
here they gradually decrease in size toward the margin of the
nostril.
The columnar-shaped basal cells of the epidermis in all
parts of the cere rest upon a relatively thick basement membrane. The intermediate layer is thick, and the transitional
layer is thin. The laminae of the comeum are loose.
Dermis connective tissue fills most of the space between
the epidermis and periosteum. It is a moderately dense collagenic tissue, well vascularized with arteries and veins of
medium size. Capillaries are present in the tips of the dermal
papillae. The branches of the ophthalmic arteries shown in
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374.—Cere of the Common Pigeon, 24 days of age, female. Cross section of the median groove above the nasal arch and
lateral tumid portions overlying the nasal capsules. Bouin fixation. Triple connective tissue stain. Abbreviations: b., bone;
Br., Branch; proc, process; n., nerve.
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cross section (fig. 374) lie in the angle between the median
groove and operculum.
Loose connective tissue is present between the bones of the
nasal arch and the cartilage of the nasal capsule; however,
the amount is small, and in the illustration the tissue appears
as a shrinkage space parallel to the periosteum.
Adult.—The cere of the adult pigeon is basically similar
to that of the 24-day-old bird, but the groove has large folds,

which are subdivided into epidermal and dermal papillae
(fig. 375). The connective tissues of the dermis provide support for the excrescences, and in turn rest upon a pad of fat
composed of plurivacuolar cells. Within the fat are arteries,
veins, and nerves of various diameters. Beneath the fat is the
periosteum of the nasal arch.
The fat tissue is probably part of the dermis and not an
expansion of the subcutis, because in the 24-day-old pigeon

Midline

Epidermis

■ Dermis

^. B ftv/Vif—

FIGURE

375.—Transverse section through cere of an adult Common Pigeon as seen in the median groove. Bouin fixation.
Margolena and Dolnick (1951) connective tissue stain.
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376.—Cere of an adult Common Pigeon. Transverse section through the tumid lateral portion of the cere, above the
nasal capsule. The epidermis is greatly folded with a corresponding interdigitation by the dermis. Bouin fixation.
Margolena and Dolnick (1951) technique.
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the same area was occupied by dense connective tissues. In
the adult pigion, dense connective tissues are present at each
lateral margin of the groove in the space equivalent to that
occupied by the adipose tissue. At the lateral margins of the
groove, the dermis is wide even in the adult, but where the
cere swings up on top of the nasal capsule, the dermis becomes somewhat thinner (fig. 374).
The most tumid portion of the cere is located in this area.
The epidermis is greatly folded (fig. 376) and contains structures similar to epithelial pearls but, of course, in this instance they are normal bodies. The Margolena and Dolnick
(1951) stain shows some features usually associated with
thick mammalian skin. The basal layer is composed of columnar cells, and above this is a typical, thick stratum spinosum with distinct spaces between cells; these spaces are
crossed by fine lines. The spinous cells continue to the transitional layer, which by the intensity of staining suggests a
stratum granulosum. The innermost layer of the corneum is

composed of flattened cells that stain blue in contrast to the
yellow of the remainder of the corneum. It is a thin layer and
occupies the position held by the stratum lucidum in thick
mammalian skin.
The dermis is relatively thin but dense (fig. 376). Elastic
tissue is abundant and tends to form strata. The tissue is
concentrated in two layers: one is just beneath the ingrown
epidermal papillae, which is the elastic lamina; and the second
is a mat of fibers, which is part of the perichondrium. Although large masses of adipose tissue are absent here, one
finds isolated plurivacuolar fat cells. Avian lamellar corpuscles are numerous and lie in the subcutis at various levels.
Malinovsky and Zemánek (1969) classified avian lamellar
corpuscles of the pigeon beak into four types. From quanti.tative studies, these authors observed that lengths and
widths are less for corpuscles in the cere than for those in
adjacent feathered areas.

SCUTELLATION OF NONFEATHERED FEET
Chicken and Turkey
Terms
Scale types were discussed on page 67. The size of scales is
indicated by the names applied to them:

1. Scutes {scutum, pi. scuta)—large scales, generally on
the anterior surface of the metatarsus and the dorsal surface
of the toes. Scute is also a general term that appUes to scales
of all sizes.
2. Scutella {scutellum, pi. scutella)—scales somewhat small-
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377.—Scutellation for the various surfaces of metatarsus and digits. Adult Single Comb White Leghorn Chicken.

A to D and G are right foot.
E and F, left foot.
A, anterior metatarsus and dorsal surface of the toes.
B, medial view.
C, posterior view of metatarsus and plantar view of toes.

D, lateral view.
E, anterior view of metatarsus and base of digits.
F, lateral view.
G, lateral view of a metatarsus from an adult male with a moderately
long spur.
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378.—Scales of the metatarsus peeled from the germinativum, viewed from the inner surface. Terms for orientation are
in large type. The sharp ridges are produced by comeum dipping into sulci separating the scales. Adult Single Comb White
Leghorn Chicken.

FIGURE

er than scutes, such as those found on the caudal surface of
the chicken and turkey metatarsus.^^
3. Retícula—small scales, yet which are distinct, separate
bodies.
4. Cancella—minute scales representing little more than
a thickened corneum crossed by a network of shallow grooves.
Boetticher (1929) considered the reticulate condition as
most primitive (for example, pelicans, fig. 42, A, p. 66, and
ducks, fig. 42, C); irregular or hexagonal scales as next in
development (for example, scales in the metatarsus of stilt,
fig. 42, G) ; elongated plates set transversely across the front
of the tarsometatarsus as higher in the differentiation process
(for example, the ostrich, fig. 42, B); and, finally, fusion of
scales as the top of the series (for example, the metatarsal
scale in the American Robin and in Turdidae generally).
Gross morphology
Two rows of large scutes on the anterior surface of the
metatarsus constitute the acrometatarsium,^*, and a single row
of scutes on the dorsal surfaces of the toes produces an acropodium for each toe (fig. 377, A). The acrometatarsium originates on the distal side of the intertarsal joint by a transition
from reticulate scales to two rows of large scutes covering the
front of the metatarsus. The medial row continues as the
acropodium onto the surface of the third digit (fig. 377, A),
'' The terms "scutes" and "scutella" are often used interchangeably,
but since the latter is the diminutive form of scutes, it is considered
appropriate to apply the term to smaller scutes.
'* Commonly, the term "acroiarsium" is used, but because we changed
tarsus to metatarsus when referring to the instep portion of the foot,
we have made the same change when combining it with acron.

and the lateral row continues onto the dorsal surface of the
fourth digit (fig. 377, E and F). Most of the plates are hexagonal, although some would be classed as irregular and some
as saddle shaped. The acropodium of the second digit has its
origin in the reticulate scales at the level of the accessory
metatarsus (fig. 377, B). The acropodium of digit I has the
same origin.
On the posterior surface of the metatarsus are two rows of
scales (scutella) (figs. 377, C and D) smaller than those of the
acrometatarsium. The lateral row, which has the larger scutella of the two rows, extends from the base of the hock joint
to the level of the spur (fig. 377, G). From here to the metatarsal fold the scutella decrease in size and merge with the
reticulate scales. In the turkey the scales of this row remain
as distinct plates of decreasing size as far as the level of the
accessory metatarsus.
The corneum can be separated from the remainder of the
epidermis by immersing the foot of a recently killed bird in
hot water. The peeled corneum in figure 378 is viewed from
its inner surface. This shows clearly that the scales are not
separate entities but merely elevated patches of hard keratin
bounded by soft keratin folded inward. Further details on
the scales and sulci are presented in the discussion of the
histology, page 602.
The foot of the turkey has the same number and general
organization of scales as does that of the chicken, except that
the scales are larger.
In the turkey the medial and lateral rows of scutella have
their origin at the hock joint, as in the chicken, and continue
as far as the spur where the scutella become reduced in size
to retícula. These small scales merge with the ring of small
scales around the base of the spur and become part of the
reticulate scales at the distal end of the metatarsus.
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Usually, there are two rows of scutes in the acrometatarsium
of the chicken, but in heavy breeds there may be part of a
third row. Additional rows can develop by scales splitting
lengthwise. This occurs also in such light breeds as the Single
Comb White Leghorn Chicken (ñg. 377, E and F). The split
originates at the bottom of the scale, and the furrow progresses from distal to proximal. On the right-hand side of
figure 377, E, four scutes have split completely; there is the
beginning of a split in the fifth scale above these. At the
proximal end of the metatarsus, three other scutes have
divided. Both groups may be seen in a different view in
figure 377, F.
The remainder of the foot of the chicken and turkey bears
reticulate scales. These cover all surfaces of the hock and
continue distally onto the medial and lateral surfaces of the
metatarsus. The lateral surface (fig. 377, i), F, and G) is
three-reticula wide at the hock and two-reticuia wide at
about two-fifths or one-half the length of the metatarsus.
This number for the length continues to about the level of
the accessory metatarsus where it increases to three and more
and merges with the reticula of the first and fourth toes and
the metatarsal fold (fig. 377, F),
The number of rows of reticula on the medial surface of
the metatarsus is variable (fig. 377, B). There are about four
rows in the chicken and about five in the turkey at the base
of the hock; these rows decrease to about three in the second
quarter of the metatarsus. At the base of the spur these are
reduced to two rows and become part of the collar around the
spur. Distal to the spur the medial surface widens, and the
number of reticula increases.
The reticula covering the metatarsal fold, metatarsal pad,
plantar and lateral surfaces of the toes and the dorsal and
ventral surfaces of the medial and lateral interdigital webs
are all considerably smaller than those of the medial and
lateral surfaces of the metatarsus.
The largest reticulate scales on the toes are those on the
sides; usually two rows are present, but the number may
vary from one to three (fig. 377, D and F). The rows lie between the large scutes of the dorsum and the small reticulate
scales covering the digital pads and interpad spaces. In the
ruffed grouse (fig. 42, D) this pattern of intermediate scales
on the sides of the toes is quite definite; each band consists
of two rows—an upper one formed of flat, round plates and a
lower one, which forms pectinate processes. Digital pads and
interpad spaces are labeled in some of the photographs of
figure 377. These should be compared with figure 43, A and
B, page 69, The scales of the interpad spaces are very
slightly smaller than those on the pads.

The reticulate scales of the ventral surface of the toes are
either flat or low wartlike elevations. There is very little indication of overlap. The scales in the turkey are flat, mushroomiike structures projecting outward and inclining at
different angles. The small ones are conical and are called
horned pegs. Wartlike elevations are present on the terminal
pads, but from here proximally, elevated edges of the mushroomhke scales project toward the bases of the toes. On the
metatarsal pad the scales are small and conical around the
base, become larger toward the apex, and form mushroomhke
scales that lean outward from the surface.
Boetticher (1929) suggested that reticulate scales are the
most primitive, but it would seem from what is known of the
embryology (Hamilton, 1952; and Romanoff, 1960) that the
most primitive condition would be a smooth, undivided skin.
Further structural change would be necessary as some exposed surfaces develop hard keratin and thereby become
rigid. Hence the rigid surface would be subdivided with
flexible infoldings of soft keratin. The size of the scale would
appear to be relatively unimportant in this process, related
more to the degree of flexibility needed for the movement of
parts than any phylogenetic determinants.
When the pigmented corneum of the turkey is removed,
the underlying germinativum is revealed as pointed, coneshaped elevations regardless of the form that the overlying
corneum may have had. The dorsal surface of lateral and
medial interdigital webs has typical nacreous scales, whereas
on the ventral side these are small, darkly pigmented cones
and papillae.
In the chicken some of the scales of the foot and toes have
a slight overlap. This can be seen in figure 377, E, at the
distal end of the metatarsus. From the outside there is little
evidence of the amount of overlap, and the cut edge in figure
378 shows that it is actually very little. Yet it is enough that
as one moves a finger over the scales, one can determine that
the overlap is in a particular direction.
Overlap is much more evident in the turkey than in the
chicken; it is distal in the scutes on the anterior surface. At
the angle between middle toe and metatarsus it may be as
much as 2 mm. The 10 to 12 scutella adjacent to the hock
have a proximal overlap. Those on the pads and interpad
spaces usually overlap toward the base of the toes; they have
a high degree of flexibility because these scales stand erect or
lie loosely over adjoining scales.
A longitudinal section of the top of the middle toe (fig. 380)
shows the extent of overlap in the last three dorsal scales. The
overlap is slight (except for the unguinal scale), but the somewhat sharp projecting edges are readily felt with the fingers.

SCUTELLATION OF FEATHERED FEET
Chicken
Gross morphology
Because the term ''booted'' has two entirely different
meanings in the ornithological and in the poultry literature.

the suggestion was made (p. 65) that the term ^^ptilopody''
proposed by Danforth (1919) be used instead for feathered
metatarsi and digits. Most breeds of chickens, as shown in
table 23, have smooth feet, and plumage of the crural tract
ends at the ankle joint. Evidently ptilopody occurs in relatively few breeds as a variation from the normal, numerous

SCUTELLATION OF FEATHERED FEET
TABLE
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23.—Feathered and nonfeathered metatarsi and digits in various breeds of chickens
[L, large breed; B, bantam; F, feathered feet; NF, non-feathered feet]

Class and breed of chickens

American :
Plymouth Rocks. . . .
Dominiques
Wyandottes
Javas
Rhode Island Reds. .
Rhode Island Whites
Buckeye
Chantecler
Jersey Giants
Lamona
New Hampshires. .. .
Hollands
Delawares
Asiatic :
Brahmas
Cochins
Langshans
English :
Dorkings
Redcaps
Cornish
Orpingtons
Sussex
Australorps
Mediterranean :
Leghorns
Minorcas
Spanish
Blue Andalusians. . .
Anconas
Buttercups
Catalanas

Breed types

Foot types

L, B
L
L, B
L
L, B
L
L
L
L
L
L
L
L

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

L, B
L, B
L, B

F
F
F

L
L
L, B
L
L
L

NF
NF
NF
NF
NF
NF

L, B
L, B
L
L
L
L
L

NF
NF
NF
NF
NF
NF
NF

Breed types

Foot types

Hamburg :
Hamburgs

L, B

NF

Continental :
Campines
Laken velders

L
L

NF
NF

Polish:
Polish

L, B

NF

French :
Houdans.
Crevecoeurs
LeFleche
Faverolles

L
L
L
L

NF
NF
NF
F

L,B
L, B

NF
NF

Oriental :
Sumatras
Malays
Cubalayas

L
L,B
L

NF
NF
NF

Miscellaneous :
Sultan
Frizzles
Frizzles

L
L,B
B

NF
F
NF

Ornamental :
Sebrights
Rose Combs
Japanese
Antwerp Belgians..
Booted White
Silkies

B
B
B
B
B
B

NF
NF
NF
F
F
F

Class and breed of chickens

Game:
Modern Games....
Old English Games

Note: This list is based on ''The American Standard of Perfection" (American Poultry Association, 1953) and does not include such breeds as
the Araucana chicken of Chile (Vosburgh, 1948), the Red Cuban Game, and many others.

clean-footed breeds produce individuals that develop abortive feathers or down feathers on the foot or ankle.
Feathers and scales are supplementary to each other; that
is, the degree of development of one is inversely proportional
to the degree of development of the other. The Light Brahma
female (fig. 379, A to D) serves as a good example of a bird
with feathered metatarsus and toes and shows the relationship of these two integumentary structures. On the external
lateral surface of the metatarsus, just below the hock joint,
arise numerous closely placed, soft contour feathers. The
small scales normally present in this area (fig. 377, D and G)
are entirely absent, and, as shown in figure 379, B, the skin is
thin and greatly folded, and the corneum is soft and flexible.
On the lateral surface of the fourth toe, where the feathers
are long, broad, and well developed, the shafts and follicles
also are large and correspondingly well developed (fig. 379, C)
and are placed farther apart than in the region just described.
Wrinkling of the integument of the toe also occurs, but each

follicle elevates this integument and often produces a smoothly stretched covering of skin. This skin, from its slightly
yellowish color and its resistance to depression with a blunt
instrument, appears to have a thin layer of hard keratin;
however, there is no indication of definite scutes.
Large feathers are also on the dorsal surface of the middle
toe, but in this region definite scutes are present. The general
pattern of relationship between feather and scute is shown
in figure 379, A. The overlap is distal; the tendency is for the
feathers to emerge on the distal side either beneath the scale,
or by indenting the margin, or by puncturing the surface of
the scute; in the last case the feather is completely surrounded by the keratin of the scute. Puncturing of the scute
is shown in figure 379, A. The relationship of feather shaft
and scute is the same whether the shaft is large or small. On
the same specimen, in the same region of the toe, other scales
show the condition already mentioned, in which the contour
of the distal margin was interrupted by the emerging feather.
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FIGURE

379.—Relationship of feathers to scales on the metatarsus and toes of the female Light Brahma Chicken.

A, dorsolateral surface of the middle toe. Feathers emerge from the
distal margin of the scutes on the same side as the overlap.
B, lateral surface of the upper metatarsus. Soft keratin between the
feather, no evidence of scutes.
C, dorsolateral surface of the fourth toe. Soft keratin between follicles,
no evidence of scutes.

D, posterior surface of the metatarsus near the intertarsal joint. The
slight overlap of the scutella is proximal, and the feathers emerge also
on the proximal side of the scales.
E, the scale cap of the metatarsal spur in the 1-day-old Single Comb
White Leghorn Chicken.

SCUTELLATION OF FEATHERED FEET
In the region of junction of toes and metatarsus, some scales
were not modified in shape but merely elevated by the underlying feather follicles.
Where the scales overlap proximally, as they do in the two
rows of scutella just below the hock, the stiff feathers tend to
emerge near the proximal margins of the scutes, and the
follicles point proximally.
Relationship of scales and feathers
Various investigators have expressed opinions on the origin
of scales and feathers of birds from the scales of reptiles.^^
These were extensively reviewed in chapter 7 (p. 344). Only
a few supplementary remarks will be added. Blaszyk (1935)
reviewed numerous hypotheses. He observed, as we did, that
feathers may arise either between scales or near the caudal
margin of a scale and may be entirely surrounded by a scale
through which the feather shaft passes. He observed also that
scales associated with feathers may be hard or that skin
without scales may surround the feather. This skin is often
extensively folded and occurrs on the metatarsus and toes
where feathers were numerous. The following are some of the
theories suggested :
1. (a) Scales of birds are not homologous with the scales of
reptiles.
(b) Scales of birds are not homologous with the feathers
of birds.
2. Scales of birds, no matter where located on the foot, are
homologous with the scales of reptiles and are homologous
with the feathers of birds.
3. The distal part of an avian scale that can produce a
feather is homologous with a reptilian scale, but the remainder of the avian scale is not of reptilian origin.
4. (a) Feathers first arose from part of a scale.
(b) Later in evolutionary development, the whole reptilian scale was involved in the production of a feather.
5. Feathers were first developed for flight, and only secondarily did they provide insulation by spreading over the
remainder of the body.
The basis for theory la is the fact that reptiles shed their
scales periodically and birds do not. The basis for lb is the
fact that in the embryo, feathers develop an epitrichium and
scales of the foot do not.
Heilmann (1927: 130) emphasized the similarity of the
development of reptilian scales and the feather papillae in
the embryo as support for theory 2, and Blaszyk used as evidence the fact that feathers can develop in and among scales.
Blaszyk's evidence led him to state theory 3, which, in turn,
is related to 4a and b.

2^ The scales of domestic birds do not have the extended overlap
that Krause (1922; 320), for example, has shown in the Hzard, although the tissue layers and general organization are similar.
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Theory 5 leads to some ramifications as to whether down
or contour feathers is more primitive. This is discussed in
chapter 7, page 345 and following pages.
Holmgren (1955) gave an extended discussion of the phylogeny of feathers. He refuted some conclusions of Fürbringer
(1888) and of Steiner (1917) but did not refer to the work of
Blaszyk. It was Holmgren's opinion (p. 303) that:
(1) The countour feathers are not homologous with the reptiUan
scales proper, in spite of the ingenious explanations offered of this
homology. ... (7) Finally, the quills develop as an adaptation
for flight. These points of evidence seem fully to justify the conclusion that down preceded quills in phylogeny and that the regulation of temperature was the primary function of the featherclothing.

Both of these conclusions are contrary to those of Blaszyk.
Obviously, additional evidence is needed before any of
these theories can be accepted as valid. Moreover, any theory
on the origin of feathers should take into accomit the ^^tubercles" of Champy and Demay (1930). They observed in the
cock that small tubercles or villiform projections developed
over the surface of the comb. These were found also on the
head of the pheasant, mingled among the feathers. The
authors regarded such bodies as equivalent to the papillae
that mark the first stages in feather development. They also
showed that the tubercles enclose capillary clusters, which
they interpreted to be equal to the capillary tufts in the bases
of growing feathers.
Genetics
The genetics of foot feathering has received the attention
of numerous investigators. Dunn and Glessing (1929), reporting the work of the Anikowa Station, listed seven types of
feathering—heel-tufts, outer stubs, type 1002 (tarsal stripe),
tip tuftSj Cochin type, Faverolle type, and Pavloff type.
Ptilopody is as fully delineated in the down of the baby chick
as in the adult plumage. Since the feet of young birds are not
yet abraded, such individuals are preferred for genetic
studies. In the Single Comb White Leghorn Chicken, feathering may appear only as down between the toes (Warren,
1950) and in this case is an autosomal recessive. Danforth
(1919) pointed out that even if feathers do not develop on the
metatarsus, the potentiality exists if notching occurs on the
margin of the scutes. It should be recognized, however, that
some indentations represent merely the early stage of the
splitting of scales into two parts as seen in figure 377, E.
In the early studies of Punnett and Bailey (1918), ptilopody was found to behave as an incomplete dominant; however, for heavy feathering as in the Cochins and Brahmas,
it appeared as if two factors might be acting. These authors
also suggested that a factor for inhibition of feathering might
be present in clean-footed birds. The idea that there are two
dominant factors controlling ptilopody was confirmed by
Lambert and Knox (1929) who gave to these factors the
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symbols Si and S2, Later data obtained by Warren (1948)
indicated also that more than one factor was present.
Danforth (1919) was of the opinion that ptilopody, syndactyly, and brachydactyly were all produced by a single
gene; to account for such widely diverse gene action as effects
on bone, integument, and feathers, he suggested that the
initial manifestation was determined in the embryo. If gene
action were effective early, it was expressed as a bone defect;
if a little later, as a webbing defect; and if still later, as metatarsal and toe feathering. The association of these three conditions among ptilopod birds has not thus far been confirmed
as a basic principle; in fact, Warren (1950) has shown that
for the White Plymouth Rock Chicken there is no evidence
even of linkage for syndactylism and foot-feathering.
''Vulture hock" was found also to be associated with
ptilopody. It is a condition in which a large tuft of coarse
feathers arises from the lower part of the leg and projects
backward. As demonstrated by Danforth (1929a) in his
crosses of Sebright and Mille Fleur Bantams:

... the trait never appears in the absence of booting, and the
most pronounced development occurs only in individuals having
a heavy boot. ... On the other hand many booted individuals
showed no trace of a vulture hock, from which it may be inferred
that the traits are not Hnked, but that vulture hock merely requires the genetic background for booting before it can manifest
itself.

Thus the character appears as an incomplete dominant.
Genetic experiments of vulture hocks^' and various t^^pes of
leg feathering have been reported by Wexelsen (1933) for
pigeons, but the interpretations differ on certain points from
that given by Danforth for chickens. Some of the interpretations of data by Wexelsen are as follows: (1) There may be
two factors for feathering but only one is necessary for long
feathers on the foot; (2) foot-feathering can develop, even if
the second factor is in the heterozygous condition; (3) vulture
hock factor is linked with or is identical with the factor for
foot-feathering; and (4) slight feathering is in itself a recessive rather than an incomplete suppression of full footfeathering.

SCALES
Histology
Dorsal scales

Scale proper.—The dorsal scale is constructed of hard
keratin, which has distinctive morphological and staining
characteristics. (Two dorsal scales and an unguinal scale are
shown in fig. 380). The corneum is composed of dense, closely
packed, fusiform laminae, l.o to 2ß thick. The nuclei of the
closed cells, although dead, persist as flattened bodies and
stain slightly more intensely than the cornified cytoplasm
and intercellular keratin. The affinity for stain by the dead
nuclei is lost in the outermost six to eight corneous laminae.
The Margolena and Dolnick (1951) technique colors the
hard keratin^^ a strong orange-yellow.
The color of the transitional cells varies with the number
of granules enclosed and the level of differentiation. If a few
to a moderate number are present, they stain a greenish blue;
if many are packed within the cell, they are colored a dull
brown-red. The transitional layer might be regarded as a
26 The terms ''hard", ''intermediate", and "soft keratins" refer (1)
to their ease of deformation by a blunt instrument, (2) to certain
features observed constantly in sections, and (3) to characteristic
colors following the use of Margolena and Dolnick's (1951) stain, although it is true that the way in which the technique is handled may
cause the colors to vary. What we have designated as hard, intermediate, and soft has not been analyzed chemically for sulfur content
or for other constituents whereby keratins are often distinguished.

Stratum granulosum were it not for the fact that in the chicken
the layer is much thicker than the typical stratum granulosum
of man and that instead of an abrupt change from the intermediate to a transitional layer, the change is a gradual one.
Moreover, some of the granules characteristic of the cells in
the transitional layer are found also in the cells of the intermediate layer. Laminae of keratin have their origin in the
intercellular spaces. Some strands of this material can be
seen in the intermediate layer, but most of them develop in
the transitional layer and are best developed adjacent to the
corneum. The intercellular strands become the laminae of
the corneum.
The cells of the basal layer stain a light blue. They have a
columnar shape with nuclei located at different levels. The
basal surface of the germinativo layer is slightly undulating,
and strands of collagenic connective tissue are attached to
the portions curving inward. These tend to pull the basal
layer downward somewhat in the same way that the collagenic fibers did in the earlobe (fig. 344, p. 561).
ÄtiZc'Ws.—What has been described above as typical of hard
keratin has very little similarity to the soft keratin found in
the sulci between the dorsal scales (figs. 380 and 381), yet
there is continuity between them. Part of the wall of the
sulcus is lined with hard keratin, but as this keratin decreases
in thickness toward the bottom of the groove, the soft keratin
increases. In the process, the laminae of hard keratin loosen
and spread apart; their ends continue on to become the fine
strands of soft keratin blown up into a billowy mesh work en-

FiGURE 380.—Midsagittal section of the third toe showing claw, dorsal scutes (acropodium), and ventral (plantar)reticulate
scales. The asterisk identifies the approximate location from which the photograph in figure 383 was taken. Female Single
Comb White Leghorn Chicken, 14 days of age. Zenker-acetic fixation. Margolena and Dolnick (1951) technique.
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Area of corneous disjunction

Claw (dorsal plate)

Bone of claw (phalanx 4)

Subunguinal scale

Epidermis:
Corneous layer
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Intermediate layer
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Basal layer

Terminal pad
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(scute type)
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DORSAL
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•
Cartilage:
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Joint capsule
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Red marrow
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-Transition from hard to soft keratin
-Corneous lamina
-Dorsal scale (acropodium)
(hard keratin)

Dermis

FIGURE

381.—Sulcus on the dorsal surface of the toe between two scutes. The space is filled with a network of soft keratin.
Single Comb White Leghorn Chicken. Same section as that used for figure 380.

closing spaces of relatively large size. The soft keratin layer
thereby becomes several times thicker than the hard keratin
layer, and much of the sulcus is filled with this spongy material. In other sulci, the soft keratin is merely laminae less
closely packed than the hard keratin and is then referred to
as intermediate keratin; an example is shown in figure 382,
a photograph of reticulate scales from the plantar surface of
the third toe.
Beneath hard keratin the cells of the transitional and intermediate layers stain the same color, namely, a clear blue
with some yellow or red added from the intercellular strands.
The cells of the two layers differ structurally. Those of the
intermediate layer resemble those of figure 338, page 554, in
that they are crossed by fine vertical lines. An interpretation
of these lines is given on page 605. The cytoplasm of intermediate cells is considerably more dense and is stained more
uniformly than in the cells of the transitional layer. At the
bottom and sides of a sulcus, the basal cells of the germinativum are cuboidal or low columnar and have no more than
two rows of nuclei.
The dermis of the dorsal scale has three parts: (1) a superficial layer adjacent to the epidermis, composed of delicate
collagenic fibers; (2) below this, a wider layer of dense collagenic tissue that supports blood vessels of medium size; and
(3) an elastic lamina, which establishes a boundary between
dermis and subcutis.
Individual fibers of elastic tissue are distributed perpendicular to the epidermis as are the fine collagenic fibers. Both
make contact with the basement membrane. Below this,
among the bundles of dense collagenic fibers, the elastic
fibers either extend obliquely or lie parallel to the surface.
The elastic tissue is concentrated into laminae at two levels.
One of these, the elastic lamina, either lies below the layer of

blood vessels or may divide and pass both above and below
these vessels. This can be seen in figure 296, page 490. The
subcutis lies below all layers of elastic laminae. Additional
elastic tissues are mingled with the dense collagenic tissues
covering bone and cartilage. The presence of elastic tissue
adjacent to skeletal structures occurs regularly elsewhere in
the body as part of the deep fascia.
At the bottom of a sulcus the germinativum retains its full
thickness. The underlying dermis is compressed, but none of
its layers disappear, and the dense layer is most constricted.
Large blood vessels are usually absent below the sulcus. The
thickness of the subcutis is not affected by the presence of a
sulcus above it.
Ventral scales
The histology of reticulate scales of the ventral pad differs
in some respects from that described for the dorsal scales
(figs. 380 and 382). The four main features may be summarized briefly as follows:
1. The outer surface of the reticulate scale has a thin layer
of hard keratin. All of the laminae are pressed together and
take a strong orange without an intermingling of green-blue
streaks.
2. The layer of hard keratin described under (1) rests upon
a wide layer of keratin that stains orange and green-blue.
This type is regarded as intermediate between hard and soft
keratins. It occurs throughout the ventral scales of the toe
including the hyponychium.
3. Keratin granules and fibers are present within the cells
of the transitional layer, and intercellular laminae may be
observed.
4. Keratin bodies may occur in cells of the intermediate
layer, either as granules or as fibrils.
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The sulci between reticulate scales may be narrow, open
grooves or solid pegs of folded comeum (figs. 380 and 382).
All of the comeum here as well as that on the flat surface of
the scale takes on a mingled green and orange instead of the
uniform orange of hard keratin. The corneous partitions
between reticulate scales have none of the loose meshwork
observed in the soft keratin between the dorsal scutes.
The germinative layer is thicker here than on the dorsal
side of the toe, and, like this layer on the dorsal rhamphotheca (fig. 369), it is penetrated by narrow shafts of dermis
that carry capillaries, some of which reach outward as far as
the transitional layer (fig. 382).
The transitional layer is thicker on the ventral side than on
the dorsal side of the toe, and the cell structure is different.
Instead of being packed with small darkly-stained granules,
the cells are large and hypertrophied with a clear, nonstaining
cytoplasm crossed vertically by delicate lines, quite similar
to that shown in figure 338 for the maxillary portion of the
rictus.
Figure 380 shows the terminal pad and the interpad space
proximal to it. In the latter area, the epidermis is a series of
low undulations. The comeum, like that on the terminal pad,
is composed of an intermediate type of keratin. The cells of
the transitional layer contain many fine granules and are not
hypertrophied as were those of this layer on the terminal pad.
Particulate bodies in the epidermal cells on the ventral
surface of the toe can be interpreted from sections not parallel
to the surface (fig. 383). The granules then are revealed as the
cut ends of whorls of fine fibrils that pass through a cell,
avoid the nucleus, and continue on into several adjacent

cells. More fibrils he near the comeum than in the deeper
parts of the transitional layer or in the intermediate layer.
Those adjacent to the comeum merge with the keratinous
laminae. These fibrils were observed by Miszurski (1937) who
identified them as tonofibrils. He observed also that they
passed from cell to cell, but when the outer portion of the cell
thickened [intercellular lamina formation] the fibrils became
restricted to individual cells.
Can these observations be applied to the transitional cells
of the terminal pad where the hypertrophied cells are crossed
by what appear to be thin vertical lines? From an occasional
oblique section it appears that the vertical lines are rows of
fine dots, and from what has been observed in a section
parallel to the surface, each dot is the cut end of a keratin
fibril. These observations do not invalidate the statements
made earlier in connection with figure 338 that sheets or
strands of keratin appear to arise as an intercellular product.
In the terminal pad both thick intercellular laminae and
intracellular fibrils are present. Where the laminae are far
apart, the fibrils can be seen crossing the space between them.
Such fibrils have not been observed in the transitional layer
beneath the hard keratin.
The dermis in the region of the interpad space lacks a
superficial layer of loose connective tissue (fig. 380). Instead,
coarse bundles of collagenic tissue are oriented parallel to the
surface. These are crossed by delicate elastic fibers directed
perpendicularly toward the basement membrane. Additional
elastic fibers are scattered throughout the dense collagenic
connective tissue, but the elastic tissue is nowhere concentrated sufficiently to form an elastic lamina.

Dermis

Basal and
intermediate layers ■
Transitional layer .
Comeum .

"Empty" cells of transitional layer
containing fibrils
^— Dermal vessels

pushed into epidermis

382.—Reticulate scales and sulci from the plantar surface of the third toe. Small vessels originating in the dermis push
into the epidermis as far as the transitional layer. Basal cells are carried ahead of the shaft of dermal tissues and capillaries.
The basal and intermediate layers are narrow. The asterisk marks the kind of area, which when cut obhquely, reveals the
keratin fibrils shown in figure 383. Single Comb White Leghorn Chicken, 7 days of age. Bouin fixation. Margolena and
Dolnick (1951) technique.
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FiGUBE 383.—Keratin fibrils (tonofibrils of Grzimek, 1933) within the cytoplasm of transitional cells at the approximate
location marked by asterisks in figures 380 and 382. The fibrils are completely visible only when the section cuts the epidermis
parallel to the layers of the germinativum; otherwise the fibrils appear as granules or as short thin Unes across the short axes
of the cells. The refractile fibrils are estimated to be a quarter of a micron to almost a micron in diameter. Single Comb White
Leghorn Chicken, 7 days of age. Bouin fixation. Margolena and Dolnick (1951) technique.

The internal boundary of the dermis is established by a
layer of cartilage cells. These cells are unusual in that they
are grouped in clusters like bunches of grapes, and small
clefts are between the clusters. This chondroid tissue (fig.
380) has no connection with the bones and cartilages of the

phalanges. The band of cartilage cells might possibly be part
of the tendon of the m. flexor digitorum longus that lies adjacent to it, although chondrification of the tendon is not
mentioned by Hudson et al. (1959).

DIGITAL CLAW
Histology
When the gross morphology of the digital claw was
described in chapter 1, page 68, and illustrated in figure
43, C to /, the dorsal plate was identified as horseshoe-shaped
in a cross section that curved downward over the tip of the
terminal phalanx; the ventral plate filled the space between
the two sides of the dorsal plate. Both dorsal and ventral
plates are hard keratin but the ventral plate shows a dehiscence of corneous laminae characteristic of soft keratin.
Eponychium and hyponychium
The vinguinal scale projects distally 2 to 3 mm. beyond the
base of the claw and differs from other scutes in having a
narrow attachment (fig. 380) rather than a broad base characteristic of other scales. Therefore, unlike other scales, it

has an inner as well as an outer surface. The outer or dorsal
surface has a comeum of hard keratin, and the inner surface
or eponychium has a comeum of soft keratin covered by a
thin layer of hard keratin (figs. 380 and 384).
The keratin on the dorsal surface is similar to that on other
scutes, but the soft keratin that constitutes the eponychium
is a meshwork of laminae surrounding spaces the size of cells,
very similar to the kind of cells shown for the transitional
layer in figure.382. The soft keratin continues into the narrow
cleft between claw and scale but gradually decreases in
thickness and finally disappears short of the bottom of the
cleft (fig. 384). The bottom of the cleft is filled with hard
keratin that emerges to form the lower boundary of the soft
keratin of the eponychium. The hard keratin continues
outward to form the dorsal plate of the claw.
The hyponychiiun may be a soft keratin like the epo-

DIGITAL CLAW
nychium, or it may be similar to the intermediate type of
keratin of the terminal pad (fig. 385). The corneum in the
groove between terminal pad and ventral claw plate is thicker
than it is in other grooves on the terminal pad. The change
from transitional layer to corneum is a gradual one, as the
meshwork of intercellular keratin laminae, begun in the
transitional and intermediate layers, continues on into the
corneum. There is some loss of cellular detail, but the spaces
occupied by the cells remain about as they were. Many of
these spaces continue into the corneum for a short distance.
As shown in figure 380, the hyponychium is considerably
distal to the eponychium.
Hard keratin forms the ventral plate of the claw. It is thin
at the basal end above the hyponychium but increases in
thickness, density, and homogeneity toward the tip.
Claw proper
Longitudinal section.—We searched for a claw bed and a
claw root, since these are structures described in association
with the development and growth of nails in man, but none
of the slides examined seemed to justify use of these terms
for birds. The dermis is a thin layer of dense collagenic connective tissues with only a few elastic tissue fibers. A loose,
superficial dermal layer and a subcutis are absent. There is
no evidence that an elastic lamina is present.
The germinativum is atypical and differs in the dorsal and
ventral plates. The corneum of each plate has a distinguishing
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characteristic structure. The germinativum of the dorsal
plate is composed of tall columnar cells that usually incline
distally in the direction of growth. Above this is a very thin
intermediate layer and then a considerably thicker transitional layer. The cytoplasm of the basal cells takes a clear
blue after Margolena and Dolnick's stain; the intermediate
layer, a reddish orange; and the cytoplasm of the transitional
cells is packed with brick-red granules. The intercellular
spaces contain laminae of keratin that stain a clear, homogeneous yellow. The contrast of yellow around the cells and
red within the cells makes them stand out with great distinctness. The yellow-staining intercellular substance increases
in amount toward the corneum. The corneum itself is an
amorphous layer without visible structural organization but
is not homogeneous.
The basal layer of the germinativum of the ventral plate is
similar to that described for the dorsal plate; the cells are tall
columnar with a slight inclination toward the tip. These cells
are granule-free. All of the cells of the intermediate layer,
including the first one above the basal layer, are fusiform
with horizontal axes. The intercellular spaces are filled with
a substance that takes a yellow stain. Intercellular cornification increases in prominence as the cells of the transitional
layer move outward toward the corneum. Near the corneum,
curved, delicate fibrils are visible. These cross cell boundaries
and curve extensively as did those in the region of reticulate
scales (fig. 383).
The transition to the corneum is a gradual one in the

-Dermis
• Unguinal scale (hard keratin)
-Subcutis

Eponychium

(soft keratin)

Dorsal plate

(hard keratin)

Germinativum

Dermis

Cartilage and bone of
terminal phalanx

FIGURE

384.—Eponychium, a soft keratin, beneath the unguinal scale of the third toe. Single Comb White Leghorn Chicken,
7 days of age. Bouin fixation. Margolena and Dolnick (1951) technique.
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Subunguinal scale

385.—Longitudinal section of the subunguinal scale showing the hyponychium, which is composed of intermediate-type
keratin. Single Comb White Leghorn Chicken, 7 days of age. Bouin fixation. Margolena and Dolnick (1951) technique.

FIGURE

proximal end of the claw but is more abrupt near the tip. In
the basal part of the comeum, cell identity is fully retained
but is partially masked by the corneous lamina derived from
the intercellular material and from the intracellular prekeratin fibrils that cross the cells and become incorporated
within the laminar substance. The superficial part of the
comeum shows only flattened laminae closely pressed
together, without cell remnants and without visible evidence
of fibrils.
Close to the tip the frayed ends of the corneous laminae
point backward. The frayed ends also point medially as
shown on figure 43, G to /, page 69. The width of these
laminae is about the same as it is on the dorsal scutes, namely,
1.5 to 2 /i- When well separated, it can be seen that the
laminae are actually groups of slender fusiform bodies, about
40 M long. At the tip of the claw, some cells of the transitional
layer are carried out into the comeum, and, as in the beak,
the column of cells curves toward the ventral plate, making a
broad dorsal plate and a narrow ventral plate.
Cross section.—Cross sections of a claw reveal certain
additional features not readily evident in longitudinal sections. One of these is the large number of avian lamellar
corpuscles (figs. 386 and 387) beneath the dorsal plate. They
lie in the dermis between the bone of the phalanx and the
epidermis. These lamellar corpuscles are almost entirely
absent on the ventral side of the claw.
A pad of fat was found in our cross sections median in position between the phalanx and ventral plate. This was not
observed in longitudinal sections studied. Nerves are very
abundant, especially in the dermis of the ventral plate. None

of the nerves in the dermis of the dorsal plate are of significant size, but some nerves extend longitudinally through
the marrow of the terminal phalanx. Their locations have
been distinguished by naming them extramedullary nerves
and intramedullary nerves.
At the edge of the claw, the dermis, bearing a blood
vessel, dips into the germinativum; this vessel is equivalent to the tomial vessel of the beak. The presence of dermal
pappillae in the epidermis of the ventral plate and their absence on the dorsal plate appear to be associated with differences in keratin stmcture. The germinative layer of the
dorsal plate, as it approaches the junction with the ventral
plate, shows many nuclei in which a juxtanuclear vacuole
is pressed against one wall, rendering the nucleus crescent
shaped. Some nuclei appear empty with margi nation of
chromatin, but hypertrophied plasmosome nucleoli were not
observed.
When a section of the dorsal plate is examined at high
magnification (fig. 387), the details of the tissue layers may
be observed. The basal cells of the germinativum are columnar. Several layers of cells are included within the intermediate layer. "Intercellular bridges" are not apparent in the
epidermis from the lateral wall of the dorsal plate (fig. 387),
but in the epidermis near the junction of dorsal and ventral
plates the "intercellular bridges" are sufliciently conspicuous
to justify the name "stratum spinosum." More peripherally
the cells are closely packed and the intercellular bridges
are not visible. The transitional layer is about seven cells
thick; the central five of these stain like the intermediate
layer but show the hypertrophy and granulation of transitional cells. The peripheral two layers of cells are colored

METATARSAL SPUR
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Dorsal plate of claw

(epidermis)

Marrow connective tissue
Osseous trabecula
Stratum germtnativum
Intramedullary nerves

Stratum comeum

Endosteum
Dermis
Dorsal periosteum

Medullary vein
Avian lamellar
corpuscle

Ventral periosteum

Ventral plate of claw
ExtrameduUary nerves —'
Epidermal and dermal papillae

Jermal vem
— Median fat pad

-Margin of claw

- Dermal artery

FiGUBE 386.—Cross section of the claw at about the middle of its length. Single Comb White Leghorn Chicken, 1 day of
male. Zenker-acetic fixation. Giemsa stain.

an intense deep violet with Giemsa stain and have been
named a granular layer. This color differentiation between
the central and peripheral parts of the transitional layer
is revealed by Giemsa stain but not by Margolena and
Dolnick's (1951) technique. There is no evidence of a stratum lucidum in the part of the comeum adjacent to the
granular (transitional) layer.

Observations of cross sections of the dermis confirm two
findings in longitudinal sections: (1) The dermis is a uniformly dense layer without a loose superficial or a deep
compact part and (2) a lamina elástica is absent. Claws and
beaks have many points in common, but we have not observed medial and lateral columns equivalent to the ones
which we observed in the upper and lower beak (figs. 372
and 373).

METATARSAL SPUR
Growth
Measurements
The cap of the metatarsal spur develops in the embryo
on the medial surface of the metatarsus. It is then distinguished from the surrounding scales only by its larger size.
The size and shape of the cap at hatching are shown in
figure 379, E. The adjacent, reticulate scales slightly overlap
the base of the spur cap. The overlap becomes somewhat
greater in the adult.
Louvier (1937) described the spur as a cone with an elliptical base, and gave measurements in three planes—the
two diameters of the ellipse and the height (length). The
height is the measurement most used in estimating growth.
This he compared with tarsometatarsal growth, and when
this growth was stabilized, he regarded this stage as maturity
of the skeleton. The calendar age in relation to tarsometatarsal age was found to be highly variable and seemed to
have no relationship to date of hatching. A Leghorn hatched

in April "matured" in 4J/^ months with a spur length of
4 mm. ; another, hatched in May, required 8 months to reach
"maturity." Its spur length then was 4 mm. One from the
latter hatch required 11 months to reach maturity, and its
spur length also was 4 nxm. Louvier concluded that spur
length followed tarsometatarsal growth rather than calendar
age of the bird. His generalization applied to heavy as well
as to light breeds.
Therefore the length of the cock's spur at 1 year of age
varied greatly: in Leghorns from 9 to 18 mm.; in Bresse
noire, 11 to 19 mm.; and in Orpingtons, 12 to 16mm. Louvier
(1937) considered 15 mm. an average figure for the first
year's growth, and he observed that growth continued at
the same rate during succeeding years. The spur, in its
steady growth throughout the life of the cock, differs from
all other organs of the body, which attain their maximum
sizes concurrently with the cessation of growth. The spur
of the female retains a juvenile appearance throughout its
entire life.
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The spur cap of the cock is not supported by bone until
about the sixth month, and soon thereafter the bone fuses
with the OS tarsometatarsus. Fusion occurs regularly in the
male but only as an abnormal development in the female.
Louvier's data indicated that the spur of males and
females did not grow during the first 8 days posthatching

but maintained a value of 1 mm. diameter and 0.5 mm.
height. Our data indicate growth in length and diameter
during this period (table 24). At 15 days of age, Lou vier
observed a length of 0.75 mm. The values we obtained
at 12, 14, and 16 days of age were shghtly more than this.
At 1 month he recorded 1.5 mm. diameter and 1.0 mm.

Corneous layer
(dorsal plate)

Germinative layer:
— Epide
— Transitional layer

— Intermediate layer
Elastic conn. tiss.

Basal layer

Collagenic conn, tiss
Avian lamellar corpu
CORE (core complex);
Central neurite
Cell of internal lamella
Internal lamellae
MIDDLE ZONE:
Fibrocyte
Collagenic
and elastic fibers

Dermis

CAPSULE:
External lamellae
Cell of external lamella-

Osteogenic conn. tiss. cell
Osteocyi

Dorsal lamina of bone

Osteoblasts
Medullary v.

Collagenic conn. tiss.
of marrow
Medullary a

0.1 mm.

H

387.—Portion of the lateral part of the dorsal plate enlarged from the cross section shown in figure 386. Single Comb
White Leghorn Chicken, 1 day of age, male. Zenker-acetic fixation. Giemsa stain. Abbreviations: a., artery; conn, tiss.,
connective tissue; v., vein.
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METATARSAL SPUR
length. Our figures were somewhat greater, namely 2.0
and 1.5 mm., respectively; another specimen at 39 days
measured only 1.2 mm. in length. The cessation of spur
growth in the female is indicated in table 24, where at 508
days the length was only 3 mm. Although these are single
samples, the order of magnitude is similar to that offered
by Louvier. In data collected from older birds he found no
sex difference at 2 months of age.
Histology
1 day.—The spur cap of the 1-day-old bird is composed
of hard keratin, 19 ß thick, resting on a germinativum 21 ¡j,
thick. Of the latter, the basal layer, composed of columnar
cells, is 13 jj, thick; the intermediate layer, having only a
few flattened cells, is 5 /x thick; and the thin transitional
layer is only 3 /x thick.
The dermis is largely an undifferentiated group of numerous cells and short, fine connective tissue fibers. Some
denser bundles he in the deep parts of the dermis. Capillaries
and thin-walled vessels are scattered throughout the dermis.
We were not able to distinguish between arteries and veins;
thick-walled vessels of both kinds are rare. Nerves are
present but not avian lamellar corpuscles. A thin layer of
loose connective tissue separates the dermis from the tendons
of the metatarsus.
8 days.—The corneum in the 3-day-old bird is 37M thick,
and the germinativum is 34^ thick. The basal layer
shows small undulations adjacent to the dermis. The intermediate and transitional layers are well developed and
clearly differentiated from each other and from the basal
layer when May-Grünewald-Giemsa stain is apphed.
The collagenic fibers of the dermis are more robust and
fibroblasts are less numerous than at 1 day of age. It is
possible now to divide the dermis into a superficial la^^er of
loose connective tissue and a deep layer of denser tissue.
The vascular bed shows early stages in organization with
two-layered vessels, endothelium, and one layer of circular
muscles. These are distributed through the dermis, except
in the superficial layer where only small capillaries are
present. The capillaries he chiefly beneath the basal layer
of the epidermis.
5 days.—By 5 days of age, part of the corneum may have
been lost in processing because it measures only 33 ß thick
in our specimen. The germinative layer is now 63 ß thick,
subdivided as follows: basal layer, 30/x; intermediate layer,
27M; and transitional layer, 6 ß.
Superficial and deep layers of the dermis are now more
clearly differentiated than at 3 days of age. Vessels still
have thin walls but are now more numerous, and a few show
the characteristic structure of arteries. Small capillaries,
evenly spaced, are numerous close to the basement membrane. Nerves are now more numerous than at 3 days of
age, and they he generally in the deep dermis. Also found
at this level are plurivacuolar fat cells, some isolated and
others in groups of two or three.

TABLE
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24.—Spur growth based on longitudinal sections^

Age in days

1
3
5
7
12
14
16
21
29
39
508

.

Sex

F
M
F
M
F
F
M
F
M
M
F

Length

Millimeters
0.51
.52
.60
.58
.99
.79
.95
1.17
1.50
1.20
3.00

Diameter

Millimeters
0.64
.77
.99
1.05
1.10
1.15
1.15
1.50
2.00
2.00
3.50

1 Sections were selected for measurement that appeared to coincide
with the axis of the spur, but the exact plane of section could not be
guaranteed. Louvier's (1937) measurements were taken on live birds.
The diameter is that of the base, which, after it appears, is greater
than the diameter of the basal end of the spur proper.

9 days.—At 9 days of age, the corneum at the tip of the
spur measures 83/^. The epidermis, where it is thinnest,
namely, opposite a dermal papilla, measures 65M, but
where it is thicker because an epidermal papilla is included,
it measures 95Aí. The dermal papillae are pointed and
narrow, apparently compressed by the adjacent broad
and rounded epidermal papillae. Nearly every dermal
papilla shows a capillary.
The superficial layer of the dermis is still highly ceUular;
the deep layer does not show much change beyond that
observed at 5 days of age. The lumina of the vessels located
in the basal part of the dermis are larger now than at an
earlier age. In our sections we saw only two nerves and no
fat cells.
12 days.—At 12 days of age the corneum at the tip of
the spur is 65/x, and the epidermis including epidermal
papillae is 80ju. Some of the corneum was probably lost
in processing. The dermal papillae are thin bands of connective tissue, scarcely wider than the single capillary
within them.
About the only significant development in the dermis
is a concentration of vessels of medium size in the center,
close to the subdermal tissues.
21 days.—At 21 days of age the corneum at the tip is
104^, the germinativum, 75M. The latter has ceased to
grow thicker, but the corneum is still increasing.
Following the first few days of growth, the spur is no
longer a simple cone but differentiates into two parts—a
spur proper and a base. The base is low and broad; measurements of its width are given in table 24. The spur proper
arises near one margin of the base. Its width at 21 days is
0.82 mm., which is about half the width of the base. Its
height above the base is 0.75 mm.
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The dermis shows some further differentiation associated
with the elongation of the spur. The dense connective tissue
has taken on an axial orientation, and the major vessels
lie in these axial tissues.
29 days.—At 29 days of age the corneum, with a thickness
of 275 ßy has more than doubled the 104jLt at 21 days of age.
The germinativum of S7JJL is only shghtly greater than
the 75M at 21 days. The epidermal papillae have expanded
so much that the dermal papillae have been eliminated,
and the capillaries previously located at their tips have
been pushed below the general level of the epidermis. Other
capillaries lie deep within the superficial layer of the dermis,
and some are present in the compact layer. The wall thickness of the blood vessels at the center of the deep dermis
has increased. Arteries and veins can be distinguished
readily. A few nerves are present.
39 days.—At 39 days of age the corneum is 290 ¡x thick
at the tip of the spur; the thickness of the germinativum,
84u, remains essentially the same as at 21 days of age.
The dermis shows few significant changes from 29 days
of age. The major nutrient vessels at the base of the spur
are becoming isolated from the compact dermis tissues by
the accumulation of loose connective tissues around them.
This reaction is similar to that observed around the vessels
in the keel cushion (p. 521 and fig. 313, p. 520). The vessels
in the spur are a continuation of those in the dermal tissue
of the adjacent reticular scales; they are not conveyed by the
loose subdermal connective tissue. This origin is different
from that found in soft skin, where the major nutrient vessels
enter the dermis from the subcutis.
Adult female.—The bird we examined w^as 509 days of age.
At this age the corneum has increased to 431 ß in thickness
at the tip of the spur. The germinativum is 97ju. There
has been very httle increase in total thickness of this layer,
but the transitional layer is several cells thick, measuring
18 ß, w^hereas at 5 days it was only 6 ß.
The lower part of the superficial dermis contains thick
bundles of collagenic tissue, which in the deep dermis are
so massive that they are fused together in irregular sheets.
They appear to be calcified but reveal no trace of true bone
formation. Large, thick-walled arteries he deep in the dermis.
Hormonal and genetic factors affecting spurs
Spurs are generally regarded as a secondary sex character
influenced in their degree of development by the gonadal

hormones. In pheasants, spur length of cocks is closely correlated with age (Linduska, 1943, 1945). Spur length in the
fall, of birds hatched the same spring, averaged 9.2 mm.
(range, 4.4 to 12.8 mm.), and for adults taken the following
fall, the average was 13.9 mm. (range, 11.5 to 16.5 mm.).
Endocrine control may not be the sole factor in determining the degree of development. Kozeika (1929), making
homoplastic and autoplastic grafts of spur potential tissue,
was able to show that the resulting spur development is
characteristic of the donor and not of the host. Another
observation of his was that autoplastic grafts of males
produce spurs in any part of the body but that in females,
a spur develops only when the transplant is made on a part
of the body bearing scales. A spurless condition was observed
by Eozelka (1933) in Single Comb White Leghorn Chickens.
The scale cap was absent in the young chickens, but interestingly enough, this did not prevent the development
of the underlying osseous portion of the spur; without the
presence of a spur cap, the growing bone frequently penetrated the integument. Genetic studies indicate that the
gene for spurlessness is an autosomal recessive.
Normally, metatarsal spurs are single conical structures
except in the Black Sumatras, which typically have three
points in cocks, but the number may vary from three to
five, and sometimes cocks are double spurred. According
to Hutt (1941: 357), who has studied the genetics of this
character, ''Homozygous males seem more likely to have
four or five spurs than hétérozygotes.'' Multiple spurs as
found in the Black Sumatra are represented by a single
dominant factor, to which Hutt gave the symbol M for this
gene and m for the recessive wild type, single spur. The
character can be recognized in the young chick by the arrangement of several large scales in a longitudinal row, each
similar in size and position to the single scale shown in figure
379, ^ (see Hutt, 1949: fig. 29). The genetic factor of multiple spurs as found in Black Sumatras is different from the
split or double spur sometimes occurring as an anomaly in
individuals of single-spur breeds and probably different
also from cases of multiple spurs reported for wild pheasants.
Warren (1948) concluded that duplex comb, multiple spurs,
and duphcate toes (a type of polydactylism) are factors
carried by genes on the same chromosome and (Warren,
1946) that double spur behaves as an autosomal recessive.
If the keratinized layer is pulled off it can regenerate,
but the underlying bony support, if broken will not regenerate (Domm, 1931).

INTERDIGITAL WEB
Ghicken
Transverse section
14 days.—Gross examination of the transverse section
reveals a rounded, free edge with small reticulate scutes on
the dorsal and plantar surfaces. At 14 days posthatching,
the corneum is of the soft keratin type both on the scales
themselves and in the shallow sulci between them. The

interdigital web is the best material of any described thus
far for showing the characteristics of soft keratin and would
probably be excellent material for electron microscopy
studies.
The corneum at the free edge is 115^ thick and the
germinativum, 71^. The measurements just given are
only approximate because it is difficult to establish a sharp

UROPYGIAL GLAND
boundary between the transitional layer and corneum.
The basal layer is composed of low columnar cells, with
nuclei arranged in one or two rows. The intermediate layer
is thin, only a few cells thick, and beyond this is a thick
transitional layer, the cells of which are hypertrophied and
seemingly empty except for a single row of granules through
the long axis. The vacuolarity increases as these cells are
moved toward the corneum. At the same time, the intercellular substance increases in staining affinity and becomes
more definite. These transitional cells subsequently become
incorporated in the laminae of the corneum.
Mention was made above of the row of granules inside
the cells of the transitional layer. In sections that are cut
parallel to the surface, these appear as dehcate, curved
fibrils. They are refractile, and their symmetry of arrangement gives the impression of growth rings on fish scales.
A nucleus hes in the center of each whorl. It has not been
possible with the magnification of the fight microscope to
determine where each refractile fibril begins or ends, but the
fibrils pass through several cells. They are presumed to be
keratin or prekeratin. The fibrils begin at the basal layer
of cells and extend to the corneum, but they cannot be
traced within the laminae of the corneum. These whorls
are similar to those described for the soft keratin between
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the reticulate scales on the plantar surface of the toes (fig.
383).
The dermis layers of upper and lower surfaces of the
inter digital web lie close together, separated by a narrow
subcutis. The entire dermis is compact coUagenic connective
tissue. It is crossed by isolated elastic fibers. Most of the
elastic tissue is concentrated into dense sheets at the junction
of dermis and subcutis, thereby forming an elastic lamina.
The layer is interrupted frequently and does not have uniform thickness. There is an elastic lamina for the dorsal skin
and one for the ventral skin of the web.
The subcutis between the two dermal layers is thin and
contains large blood vessels, nerves, and plurivacuolar fat
cells. At the anterior tip of the subcutis lies a tendon that
parallels the free edge of the web. In cross section, representative measurements of the tendon are 103 X 460ju.
These dimensions vary from section to section.
At 14 days posthatching avian lamellar corpuscles were
not observed, but they were undoubtedly present because
they could be found abundantly in the dermis of webs at
7 and 9 days posthatching. Isolated axons were noted near
the basement membrane and presumably entered the epidermis but failed to be revealed by the Ungewitter (1951)
technique.

UROPYGIAL GLAND
Gross Morphology
Terms and literature
Various names have been applied to the uropygial gland:
examples are oil gland, preen gland, rump gland, and perunctum, but there has been general agreement on the Latin
equivalent, namely, glándula uropygii (e,g., Stern, 1905;
Moser, 1906; Schumacher, 1919; Hou, 1928; Gomot, 1959).
Kossman (1871: 568) gave synonyms—glándula caudae
and glándula sebácea. Cater and Lawrie (1950) used the term
''glándula uropygialisJ' The most exact name would be glans
uropygialis; this is the Latin equivalent of uropygial gland.
A literal translation of glándula uropygii is glandule of the
uropygium. In human anatomy (lANC, 1966: 108) the
term "glándula^ ^ is appHed to all skin glands of the mammafian skin, but these glands are diminutive compared to
the single large gland in birds. It is appropriate, therefore,
that this organ be designated glans rather than glándula.
The extensive literature on the gland will not be reviewed
here because this has been done periodically by several
authors (Kossmann, 1871; Stern, 1905; Lunghetti, 1907;
Paris, 1913; Schumacher, 1919; Hou, 1928; Elder, 1954).
Paris (1906) illustrated the oil glands for 26 species of wild
birds, and on the basis of internal structures of glands and
ducts, grouped them into three types. This classification
has been superseded by that of Schumacher given below.
The gland is bilobed; the lobes may be closely pressed together or spread apart, V-shaped, but in every instance

the two lobes are held together at their caudal ends by a
strong connective tissue band, which has been named the
'^isthmus^' {isthmus glandarius). From the isthmus, projecting caudally or dorsocaudally, is a gland papilla {papilla
glandaria). An oil gland duct {ductus glandis uropygialis)
from each primary cavity {cavilas primus) is carried through
the papilla to its tip where it opens to the outside as the
opening of the uropygial duct {poms ductus uropygialis).
Schumacher (1919), from his own observations as well as
from those by Paris (1913) and by Lunghetti (1907), distinguished two types of internal structure in the papillae
of various kinds of birds: (1) a compact type having narrow
ducts passing through dense connective tissue represented
by the Capercailhe {Tetrao urogallus) and (2) a dehcate
type having wide ducts that almost fill the entire space
within the papillae. An example of the second type is the
Common Swift {Apus apus). A variation of this type was
observed in the Blackbird {Turdus merula), in which a
terminal swelling acts as a kind of valve, preventing the
reverse ño wing of secretion.
Groebbels (1932; 840) observed that the number of
excretory ducts corresponded to the number of lobes. This
leads to the expectation that two would be the usual number
of ducts, but he cited from the literature examples ranging
from one to eight. We reviewed this literature and found
that the number of ducts may vary but not the number of
lobes. For example, Nitzsch (1867: 40) observed that in
the Hoopoe {Upupa epops) there was a single external
opening, but that a passageway from each gland emptied
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into a basal enlargement of the single duct. Nitzsch (p. 41)
mentioned four species, each with three duct openings and
three other species with two sets of five openings. In the
White Pelican (Pelecanus onocrotalus) (Nitzsch, pp. 41 and
149), which has a gland as large as a hen's egg, two sets of
six orifices each were arranged in two parallel rows. Paris
(1913: 188) found that the large bilobed gland of the Pelecaniformes was divided into smaller subunits pressed parallel
to each other and that from these there might be a total
of five ducts from each lobe.
Most species of birds have a uropygial circlet (tuft)
(circulus uropygialis) composed of small down feathers,
often with short rachises (see also p. 315). The feathers are
arranged around the margin of the tip. One feather may
lie between the openings of the two ducts as described by
Schumacher (1919: 296) in the Black Grouse (Lyrurus
tetrix). Paris (1913: 189) showed in the Red-crested Pochard
(Netta rufina) a circle of feathers around each duct, with
one row of follicles in the midplane between the ducts; in

the American Flamingo (Phoenicopterus ruber), two rows were
in the midplane. Paris (1906: 102) mentioned that the
Abyssinian Ground Hombill {Bucorvus abyssiniens = Bucorax
abyssiniens) has a heavy tuft of more than 50 black feathers.
The papilla is generally bare, without feathers except
at the tip, and the tip itself may lack a circlet. This is particularly true of those that Schumacher (1919) classified
as having a dehcate type of duct. Nitzsch (1867: 39) observed
that the absence of feathers of the papilla is frequently
associated with the absence of feathers on the skin overlying
the gland lobes.
Often the oil gland elevates the dorsal skin of the tail
to produce a uropygial eminence (eminentia uropygialis)
(fig. 388).
Adult birds
Chicken.—Removal of the skin covering the oil gland
reveals two lobes, each designated a lobus glandis uropygialis

— Dorsal caudal tract

Dorsal caudal apterium

Oil gland papilla

Down feather of oil gland
circlet

/!.0.£\A/ir/G~

FIGURE

388.—Uropygial eminence showing the follicles located on its dorsal surface, the oil gland papilla and the oil gland
circlet. The inset shows a more extended view of the area. Adult male. Single Comb White Leghorn Chicken.
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389.—Oil gland of the Single Comb White Leghorn Chicken.

A, dorsal view of dissection exposing the bilobed gland and its
exterior parts.

B, end view of the oil gland papilla showing the openings of the two
oil gland ducts surrounded by an oil gland circlet.

(fig. 389, A). The lobes He closely pressed together but are
separated by an interlobular septum {se-ptum interlobulare),
which at the anterior end is continuous with the capsule
of the gland {capsula glandis uropygialis). At the opposite
end, the connective tissues of the septum merge with those
of the isthmus, and these in turn merge with dense connective tissues of the papilla.
On the tip of the papilla are two small, inconspicuous
slits (fig. 389, B), which are openings of the oil gland ducts.
Surrounding each slit are three to four down feathers, which
form an oil gland circlet. In the chicken, no feathers are
present in the groove along the midplane of the papilla,
giving to the circlet the form of a flattened oval, which encompasses both duct openings. The discharged sebum collects on the barbs and mats them together (fig. 389, A),
but when cleaned, the barbs and barbules fluff apart (fig.
388).

Turkey.—The oil gland of the turkey is small (fig. 390)
in comparison to that of the chicken. The eminence is hardly
distinguishable, and the gland occupies only a small part
of the total tail. The isthmus is relatively broad and so is
the base of the papilla. In the adult the feathers of the oil
gland circlet are often broken so it might appear as if the
papilla were the type which lacked a circlet. These feathers
can be studied best in the poult.
Coturnix.—The oil gland of the Common Coturnix is
massive relative to tail size and extends well forward along
the coccygeal vertebrae (fig. 391). Although large, the gland
does not elevate the overlying skin conspicuously, probably
because the tail is already enlarged by the cloacal eminence
and because the lobes lie depressed in the adipose tissue. The
two lobes are nearly cleaved apart by a depression along the
line of the interlobular connective tissue.
The two lobes are joined by a narrow isthmus, and from
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390.—Oil gland of the Bronze Turkey, dorsal view.
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391.—Oil gland of the Common Coturnix, male, dorsal view.
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392.—Oil gland of the White Pekin Duck, dorsal view. (Upper median tail coverts omitted from drawing.)

the isthmus arises a short oil gland papilla. As in the turkey,
the down feathers of the cloacal circlet are often broken
and may seem to be absent in an adult male.
Ducks.—The oil glands of two breeds of ducks were
studied—White Pekin and Colored Muscovy. Differences in
morphology are evident when figures 392 and 393 are compared. The two lobes of the gland in the White Pekin Duck
are widely separated, which eliminates the interlobular
septum. The same was observed by Paris (1913: 188) for
the Red-crested Pochard {Netla rufina). Divergence of the

lobes lengthens the isthmus and broadens the base of the
papilla.
The papilla is short and broad in both breeds and carries
a pair of uropygial gland ducts, one from each lobe. These
open to the outside through small shts. The oil gland circlet
is elhptical. No feathers were observed in the midplane
between the duct openings, although Paris (1913) showed
that they were present in the Red-crested Pochard.
The two lobes of the gland of the Colored Muscovy Duck
are separated only on their anterior third. The posterior
two-thirds are firmly joined to the interlobular septum; the

Cut edge of integument
Uropygial gland:
Interlobular septum
Left lobe
Isthmus
Oil gland papilla
Opening of oil gland duct
Feathers of oil gland circlet
1.0 cm.

FIGURE

393.—Oil gland of the Colored Muscovy Duck, dorsal view. (Upper tail coverts omitted from drawing.)
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isthmus is poorly defined. The papilla is short with a broad
base. In figure 393 the down feathers of the circlet are matted
together with secretion.
Embryology
Kossmann (1871), Lunghetti (1907), Paris (1913), Esther
(1938), and Gomot (1959) have made significant contributions to the embryology of the uropygial gland. The
paired invaginations of ectoderm on the dorsal surface of
the tail, which mark the initial stage in the development
of the gland, appear on the 8th day in the pigeon (Esther,
1938: 339), on the 9th day in the chicken, and on the
10th day in the duck (Gomot, 1959: 71). Hamilton (1952:
548) placed the origin at 10 days in the chicken and Romanoff
(1960: 1037) at 9 J^ days.
The epidermis sinks inward and solid buds of cells arise
from it. These subdivide and eventually produce a simple
tubular gland oriented around a central cavity. Before
hatching, a lumen develops within the tubules, and the cells
adjacent to the lumen develop secretion droplets. The papilla
is established by the 14th day (Hamilton, 1952: 548).

Hamilton stated that the the gland does not function until
some time after hatching. Gomot (1959: 76) observed in
the duck that the papilla first takes form on the 14th day
of incubation; by the 18th day a tertiary generation of
tubules has developed, and all of the essential elements of
the gland have appeared. By the 25th day central cells of
the tubules take on the structure of a holocrine gland, but
the secretion becomes important only after hatching. Groebbels (1932: 840), quoting from the literature, stated that on
the 16th day of incubation the gland of the chicken acquires
a capsule and a day later, fat appears.
Gomot (1959: 71) observed that during development in
the chicken the lobes are parallel and close together, whereas
in the duck they diverge and thus provide the basis for the
adult morphology observed in figures 389 and 392.
Histology
Zones.—A frontal section of gland lobes, isthmus, papilla,
and ducts reveals the internal organization of the oil gland
and its parts (fig. 394). An interlobular septum separates
the two halves of the gland. Anteriorly, dorsally, and ven-

Down feather of oil gland circlet
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Reflected epidermis
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LEFT
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Secretion in primary
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Interlobular septum
-Trabeculae

FIGURE

394.—Frontal section of oil gland, papilla, and ducts. The accumulated secretion has been removed from the right lobe
to show the trabeculae. Single Comb White Leghorn Chicken.
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trally the tissues of the septum are continuous with those of
the capsule. Posteriorly they merge with the dense connective tissues of the isthmus where they expand and the glandular wall becomes correspondingly thin. No cross channels
connect the primary cavity of one side with the cavity
of the opposite lobe. Each lobe, therefore, discharges all
of its secretion {sebum uropygiale) through a single duct.
Each lobe of the uropygial gland is pear-shaped with
thick walls and an elongated cavity. The walls are formed by
the gland tubes radially oriented around the cavity. The
intertubular connective tissues are thin in the peripheral
parts of the gland and become thicker near the lumen. Here
the walls of the tubules form anastomoses and project into
the lumen as a network of trabeculae, some large and some
small (fig. 394, right lobe). The spaces between the trabeculae are the secondary cavities {cavilas secundus). The
sebum from the tubules of the gland empties into these
cavities, and from here, it reaches the primary cavity where
it is stored (fig. 394, left lobe) until discharged through the
papillary duct.
The gland is the simple branched tubular type. Only occasionally is one able to section these tubules longitudinally
and to demonstrate the number of bifurcations between
the lumen and the capsule, as shown in figure 395. No enlargements are at the blind end of the tubes, either as acini
or alveoli.
The secretory tubules do not have a strictly radial arrangement around the primary cavity; instead they are
bowed almost 90° toward the papilla as described and illustrated by Kossman (1871), Stern (1905), and Paris (1913).
The oil gland is a holocrine gland; the secretion forms
within the cells at the basal ends of the tubules. Farther
along toward the lumen, the cytosomes become entirely
filled with lipoid spheres, nearly uniform in size. Still nearer
the cavity of the gland there is evidence of cell degeneration—
the nuclei become pycnotic and irregular in shape, the cells
hypertrophy, and secretion droplets coalesce. The final
stage is the breakdown of the cells, which liberates the
secretion into the lumen of the tubule along with fragments
of broken cells. Stern (1905) divided the wall" of the gland
into three zones, based largely on her studies with a combination of osmic acid and scarlet-red applied to frozen sections. This, supplemented by other, more common methods,
led her to describe the zones as follows :
Zone I. The periphery of a tubule in this zone has a thin
layer of darkly staining cells such as those labeled basal
cells on figure 396. The nuclei are vesicular and poor in

2"^ Confusion may come from the fact that Stern applied her description of zones not only to the morphological characteristics of the wall
of a tubule at a single level, but also to a succession of regions along the
length of the tubule. In general the zones I, II, and III for cross sections
are equivalent to those for longitudinal sections. Stern (fig. 5), however,
did depict zones I and II in the same section cut slightly obliquely.
Our own studies indicate that this seeming lack of precision is entirely
justified.
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chromatin. These replace themselves by mitosis and produce
cells for the more central layers. In a basal cell very small
osmophilic bodies lie close to the nucleus; these are rod
shaped in lateral view and disk shaped in surface view; their
presence is a distinguishing characteristic for zone I. Central
to these bodies are cells filled with lipoid spheres, which
may also be found in zone II. The region of cell decomposition is small, and the secretion found in the lumen is less
here than in zones II and III.
Zone II. The basal cells are limited to a single layer, often
interrupted. Mitotic figures are as abundant here as in zone
I. The layer of lipoid-bearing spheres is thicker than in zone
I. Thin osmophihc capsules enclose red-staining spheres
of fat. The secretion droplets increase in size toward the
lumen, but the total range in size is not as great as in zone I
because the minute spheres found in the basal cells are absent
from zone II. In footnote 27, we mentioned that Stern (1905:
fig. 5) illustrated a tubule from a duck in oblique section
where part has the characteristics of zone I and part of
zone IL We have observed this many times in the chicken
also.
Zone III, There is a gradual transition between zone II
and zone III, which is characterized by extensive cell decomposition. The lumen is larger than that of the preceding
zones, and the wall of the tubule is reduced to a few layers
of cells. The total diameters of the tubules compared to
those in zone II are now less, and the intertubular connective tissues have increased correspondingly. Hou (1928:
356) noted that increased connective tissue provided support for the thin, weakened wall of zone III.
With the osmic acid-scarlet-red technique of Stern (1905)
the secretion staining changed from an osmium dominated
red (black-brown) in zone I to a gray-yellow in the central
lumen of the gland.
Cater and Lawrie (1950) analyzed histochemically the
glands of chickens 25 days and 20 weeks of age. They identified, in a cross section of a tubule, a sebaceous zone confined to the basal cells, and a glycogen zone limited to the
central zone of the tubule. The central zone was strongly
positive for acid phosphatase also. The basal cells of a tubule
had hpoid droplets that stained black with gsmic acid,
but near the lumen the secretions stained red with scarletred and poorly with osmic acid. Cater and Lawrie were of the
opinion that the sebaceous zone does not form the glycogen
zone or vice versa. In fact, they suggested that the two zones
secrete independently of each other.
Oil gland of adult,—Stern (1905) used ducks and geese,
and we presume that her material was taken from adult
birds, although this is not so stated. The stud}^ by Cater
and Lawrie (1950) was based largely on the chicken but
included the duck. They mentioned the age of the chicks
as 1 day, 25 days, and 20 weeks but did not give the age for
the ducks. Hou (1928: 353) used pigeons, doves, ducks,
geese, and a Great Horned Owl but did not mention age.
Our own studies show cytological differences associated
with the age of a bird. This may be more important than
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396.—Oil gland tubule from zone I, showing the changes in cell morphology from basal layer to lumen for this holocrine
sebaceous gland. The secretion droplets have been dissolved by the processing techniques. Adult Single Comb White Leghorn
Chicken. Hematoxylin and eosin stain.

FIGURE

histológica! differences among species. Our description will
begin with an adult male Single Comb White Leghorn Chicken.
Within each tubule, a single layer of flattened basal cells
is the source of cells for the intermediate and transitional
(secretory) layers of cells. The cytoplasm of the generative
cells is basophilic, and the same is true for the intermediate
cells. The cell types and layers shown in figures 396 and
397, A, are typical for the peripheral two-thirds of the
tubules and are the equivalent of Stern's zone I. The secretory layer is thick and belongs entirely to the transitional
layer. The evidence that it is a transitional layer is presented
where the early posthatching stages are described (p. 625).
Where there are but few intermediate cells, as in figure 396,

the transition from basal layer to secretory layer is abrupt.
Where the intermediate layer is thick, as in Stern's zone II,
the transition to the secretory cells is more gradual (fig.
397, B).
Because the uropygial gland is a holocrine gland, the
secretory layer consists of two parts. In one part the sudanophilic secretion granules are being formed and stored. In
the other (degenerative) part, the cells hypertrophy, the
nuclei become pycnotic, granules coalesce, cell walls are
broken, and the entire mass is pushed into the lumen of
the tubule. The lumen content, therefore, is a mixture of
secretion and cell fragments and can be regarded as a
fourth layer, which is equivalent to the corneum (p. 626).
In the proximal third or quarter of the tubule (figs. 395

395.—Pie-sha,ped segment from the dorsal wall of the oil gland oriented so that the tubules are sectioned lengthwise.
Zones I, II, and III as suggested by Stern (1905). The trifurcation and bifurcation labels point out that a tubule unit subdivides several times. Adult male Single Comb White Leghorn Chicken. Zenker-acetic fixation. Giemsa stain.

FIGURE
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A, an example of zone I tubule.
JB, an example of a zone II tubule.

397.—Sections of tubules from an oil gland of an adult chicken.
C, an example of a zone III tubule close to the central lumen. Adult
Single Comb White Leghorn Chicken. Bouin fixation. Hematoxylin
and eosin stain. All photographs taken at the same magnification.
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and 397, C) the same cell layers are present as in the distal
secretory part of the tubule, but the thicknesses of some
of the layers are different. The basal layer remains a single
row of flattened cells, but the intermediate layer may be
either thick or thin, and since cells of both layers are basophilic, they are not readily distinguishable. The increased
thickness of the intermediate layer is balanced by a decrease
m the secretory layer. The two parts of the secretory layer
persist, one with intact cells that contain spheres of secretion
(represented by empty spaces), and the other with dying
and ruptured cells that discharge their contents into the
tubule lumen.
As the tubule approaches the secondary cavity, it develops
a large lumen, the walls become thin, the epithelium takes
on the character of epidermis, and transitional layer gives
off sheets of corneous material. It nevertheless retains the
basic character of the gland in that the transitional cells
contain secretion spheres.
Before continuing the use of the term "zone" in describing
the parts of the uropygial gland, it seems desirable that
the three zones be redefined. Zone I includes that portion
of a tubule that has a thick layer of secretory cells and a
thin layer of intermediate cells. Zone II includes sections
of tubules that show a thick intermediate layer with a corresponding decrease in thickness of the secretory layer. Zone
III includes central ends of the tubules and the walls of
secondary cavities. The wall structure of the secondary
cavities is basically similar to skin epidermis (compare figs.
397, C, and 338, p. 554). The basal layer is similar in all
zones and is only a single layer of basophilic cells.
Golgi material and mitochondria of secretory cells.—The
uropygial gland has proved to be favorable material for
several histochemical studies (Hsu, 1935, 1936; Cater and
Lawrie, 1950; Das and Ghosh, 1959; Kanwar, 1961). Hsu
(1935) observed that the Golgi material appeared first as
small granules, linked together in chains and in small clusters.
At about the same time, small secretion granules appeared
in the cytosome, but he found no positional relationship
between the two. The Golgi substance increased in quantity
so that it filled the cytosome of the cell with an extensive
net. The secretion spheres increased also, and since both
are abundant, they are often brought into contact with
each other. The net-form of the Golgi substance began to
dimmish in quantity, whereas the secretion spheres increased.
The Golgi material formed partial and complete encapsulation of the spheres. Even these disappeared before the cell
disintegrated into the lumen of the gland. It was Hsu's
conclusion that the Golgi material played no part in the
production of secretion. Bowen (1926) found a close association between Golgi pieces and secretion products in both
chicken and duck. He suggested that the secretion droplets
develop within the Golgi net, and that as the droplets broke
away they carried a fragment of Golgi material with them
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for the purposes of completing the growth of the droplet
This author considered the Golgi material sufficiently stable
so that It persisted after breakdown of the cells and the
liberation of their contents into the lumen. The chief disagreement between the ideas of Hsu and of Bowen was in
the early stages of the formation of the Golgi material.
In a later paper, Hsu (1936) considered possible roles
that the nucleus and mitochondria might play in secretion
formation but came to no final conclusions. Das and Ghosh
(1959) suggested that the mitochondria might play a guiding
role, but there was no evidence that mitochondria became
transformed into lipids. They concluded, based largely on
Bowen's (1926) studies, that Golgi material played a part
m secretion formation. Hsu (1935) had already reported
some of Bowen's conclusions, but Hsu's paper was not
mentioned by Das and Ghosh. Kanwar (1961) found no
evidence that involved the Golgi apparatus in secretion
formation, but concluded that a small surface or end granule
which is part of the mitochondria, becomes detached from
the filament and serves at the site for the production of the
secretion, but there was no direct transformation of one
into the other.
Extratubular parts and papilla.—The capsule, the interlobular septum, and the intertubular septa provide the
connective tissue support for the oil gland. The capsule
contains nerves, and some sections show smooth muscles
It IS clearly evident, however, that the gland is not ensheathed by a layer of smooth muscles capable of compressing the gland and aiding in pushing the secretion from
the lumen. Most of the muscles observed were near the
caudal end (duct end) of the gland between the capsule
and the overlying dermis of the skin.
Elastic fibers are numerous among coUagenic tissues
They occur as separate, uniformly spaced fibers, that course
in various directions, generally toward the blind end of the
tubules. Only occasionally are the fibers concentrated into
dense bundles resembhng tendons, but examination failed to
reveal anticipated smooth muscles. Hou, (1928: 353) stated
that the capsule had no elastic or muscle fibers.
We have found a pecuHar tubular structure in the capsular connective tissues. It appears to be a system of ducts
that vary widely in diameter; a large duct may be 30 X 49
ß with a wall thickness of 5 to 7 M- A small duct with a lumen
will have a diameter of about 30 /x, a lumen of about 15^^
and a wall thickness of about 7.5M; examples of these aré
shown at the bottom of figure 395. In addition, small masses
of duct-type cells are about 14 ^ in diameter, without lumen.
The wall is a single epithelial layer with an occasional flattened replacement cell pressed against the basement membrane. The large ducts are filled with a coagulated network
(after fixation) that is basophilic.
The small ducts may contain one or several oval spheres
which are a mixture of substances both acidophilic and baso-
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philic. The ducts occur in clusters, and we could not trace
them to any point of exit. None could be found within the
papilla; therefore, the significance of these ducts is not known,
but they have no relationship to the sebaceous secretory
system of the oil gland proper.
The narrow intertubular connective tissue is largely
collagenic; elastic tissue is absent. Capillaries and small
blood vessels are present between tubules. The fuchsin of
the PAS technique stains the basement membrane (dermoepidermal junction). The membrane also reduces silver in
Gridley's (1951) reticular tissue stain. Das and Ghosh (1959:
77) mentioned a basement membrane but did not cite the
technique they employed.
The dense collagenic connective tissues in the isthmus
continue on into the papilla. The primary cavity of each
lobe narrows to an excretory duct. Throughout a large
portion of the papilla in the chicken, bundles of smooth
muscles interweave closely. Schumacher (1919) described
circular and longitudinal layers for the Black Grouse, and
his description and illustrations (figs. 5 and 6) show a basic
similarity with our observations on the chicken. Also, he
diagramed a longitudinal section of a papilla from a Capercaillie showing longitudinal muscles attached to the bulb
end of circlet foHicles. He suggested that contraction of
these muscles pulls the follicles into the papilla so that the
barbs are brought closer to the duct openings, thereby assuring that the secretion will be passed to the feather.
Our observations on the papilla of the adult chicken
have failed to confirm that longitudinal muscles have a
linear attachment to the bulb end of the follicle, but we have
found abundant transverse muscles between ducts and be^
tween ducts and follicles. These could pull the foUicle closer
centrally to the ducts. Probably a more important function
of these transverse muscles is expansion of the duct lumen.
Cross sections of the ducts indicate that expansion is possible because one side of the duct is enfolded longitudinally
into the remainder of the duct. This expansion is shown by
Schumacher for the Black Grouse and is present in the
chicken. The enfolded portion lies toward the center of the
papilla, where most of the muscles are located.
Muscles attach to the walls of follicles and ducts by way
of loose collagenic tendons. Among the collagenic fibers
are a few elastic fibers, but nowhere in evidence are the
conspicuous elastic tendons that are so characteristic of
feather and apterial muscles. We observed a few elastic
tendonSj but these were always at some point along the
length of the muscle bundles and never at their peripheral
ends. These tendons appeared to unite muscle bundles in
the same way that apterial mucles are joined together.
Paris (1913: 148) examined the nerve and vascular supply
in detail of five species of wild birds and noted that the
differences from the domestic birds studied by Kossmann
(1871) were minor. The caudal artery at the level of the
first caudal vertebra divides into right and left branches.
Kossman (1871) observed in the drake a division into three
branches—-J^m external towar(?CTfe"^base of a lobe, the internal
toward the top of a lobe, and a small median branch entering

the upper side of the gland between the other two branches.
The branches subdivide after entering the capsule, and
some brances are distributed to the papilla. Small branches
form an anastomosing network of vessels around the tubules.
The descriptions of veins as presented by Paris and by
Kossman are similar. The main vessel is the caudal vein,
which empties into the hypogastric. Often two veins accompany an artery.
Paris confirmed Kossman's findings that the nerves have
a double origin—medullary and sympathetic. They arise
between the first and second caudal vertebrae and divide
almost immediately into three branches distributed to
skeletal muscles of the area. One branch has an anastomosis
with the sympathetic, and somatic nerves continue on to
the oil gland as the uropygial nerve.
Axons that enter into the muscle bundles of the papilla
course parallel to the fibers. Small terminal axons cross the
fibers. Nerves do not appear to be as numerous as in feather
muscles; they are more like those found in apterial muscles.
The axons do not have the same close association with the
nuclei of muscle cells that they did in feather muscles. We
have observed avian lamellar corpuscles in the connective
tissues of the papilla.
Fat is present throughout the papilla but is concentrated
largely at the basal end. Reticular fibers are abundant in
the smooth muscles of the papilla and in the muscular walls
of arteries. The reticular fibers largely parallel the muscle
fibers, but delicate transverse fibers are numerous also.
The subterminal portion of the excretory duct has a
typical epidermal lining but with a thick layer of hard keratin
(fig. 398). Representative measurements of thickness are
as follows: basal layer, 19 fx; intermediate layer, 17 /x; transitional layer, 6 /x; and corneum, 29 ß. The cell types in each
layer are typical of skin epidermis rather than gland epithelium. The corneum is so dense that individual laminae are
not distinguishable. The Margolena and Doinick (1951)
technique stains the corneum yellow except for a band
adjacent to the transitional layer, which takes a light purple.
In addition, a thin, purple-staining layer is at the free
surface of the corneum.
The lower, purple-staining layer continues to the mouth
of the duct, where it thickens and the hard keratin ends.
With the thickening of the inner keratin, the laminae become
spread apart, and they assume the structure of soft keratin.
The contour of the germinative layer becomes wavy beneath
this thickened layer of soft keratin. The hard keratin that
lines the teiminal third of the duct, at the end toward the
gland, undergoes a gradual transition to thin lamina that
eventually disappear near the cavity of the gland.
Early posthatching.—A study of oil glands from young
chickens has led us to the concept that the epithelium of
the oil gland and the epidermis of body skin are basically
alike, both having the same layers and both producing corneous laminae. This might be expected because the oil
gland first developed by an infolding of the epidermis on
the dorsal surface of the tail. It has been assumed in the
past that the oil gland has taken on its specific function

UROPYGIAL GLAND

Corneum:
(hard keratin)
Outer layer

Inner layer

Transitional layer

Intermediate layer

-Basal layer

0.01 mm.

398.—Epidermis of oil gland duct subterminal to the
external opening. In this area the duct is lined with hard
keratin. Adult Single Comb White Leghorn Chicken.
Bouin fixation. Hematoxylin and eosin stain.
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of producing a sebaceous secretion, a function which the
body skin does not possess. But our researches have demonstrated that the epidermis of body skin is a lipoid-producing organ and basically differs very little in its secretory
processes from the oil gland itself. We wish first to show
the similarity between skin epidermis and the early stages
of gland formation. We will then demonstrate that the secretion processes also are similar.
A gland from a chicken 2 days of age has a relatively
imdifferentiated epithelium that lines the tubules and the
cavity (fig. 399). Zones have not yet been established so that
a general description is applicable to all parts of the gland.
The basal layer is a single row of low cuboidal cells. An
occasional cell from the intermediate layer may be found
lying on the basal layer. Cells of both layers are basophiUc,
therefore they can be distinguished better by their position
in the epithelium than by cytological differences. The secretory layer adjacent to the lumen has the structural features
of the transitional layer as shown in figure 400. After Bouin
fixation, the secretory material is dissolved, thereby revealing
vacuolated cells crossed vertically by fine lines. The cells
are elongated, often spindle-shaped, and the substance
between cells, the intercellular laminae, stains intensely.
Every detail is practically identical with the epidermis in
figure 338, page 554; the corneum is an example of soft
keratin. The intercellular laminae persist into the lumen
of the tubule after the cells have disintegrated; they produce

"^V'> ^^
-Trifurcation,
producing 3 tubules

Corneous lamina
Transitional layer
Proliferative cap
of basal cells

Interlobular septum

K^K\.r-f^S\\^
J

'—Basal layer

'—Intermediate layer

0.05 mm.

399.—ProUferation of oil gland tubules by caps of basal cells. The walls of the tubules show characteristics of a secreting
oil gland and of surface epidermis. Female Single Comb White Leghorn Chicken, 2 days of age. Bouin fixation. Hematoxylin
and eosin stain.
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what is equivalent to a comeum. They differ from a comeum
in not being as tightly compacted. If techniques are used
that preserve and stain the secretions, all of these structures
will be masked except the boundaries of the transitional cells.
The epithelium lining the central cavity of the gland resembles, even more, a typical epidermis, and the entire
cavity is filled with corneous laminae.
At 2 days of age the distal ends of the tubules still retain
their caps of germinative cells (fig. 399). Laminae are absent from these prohferative buds; all cells are alike and
probably represent an extension of the basal cell layer. The
vacuolar spaces are those remaining after the secretion
granules have been dissolved.
Some changes have occurred by 16 days of age. The
prohferative tip of the tubule has disappeared so that the
end next to the capsule is composed only of a row of basal
cells. At this age there is little evidence of intermediate cells,
and the transitional cells form a thick layer. These cells are
packed with secretion granules that increase in size toward
the lumen. Adjacent to the lumen the nuclei become pycnotic
and the cells rupture. The secretion of the lumen contains

very httle cell debris, scarcely more than a few nuclei. There
are no corneous sheets. This could be expected because there
are no well-developed intercellular laminae between the
cells of the transitional layer. The tubules of zone I have
largely lost their resemblance (morphologically) to skin
epidermis. Moving outward toward the lumen of the gland,
one notes a point of sudden change in cell structure of the
tubule, the beginning of zone II. The wide band of secretory
(transitional) cells of zone I now becomes reduced to a narrow band bordering the lumen; the area which the secretory
cells occupied becomes filled with intermediate-type cells.
The tubules at the zone II level contain only a few fragments
of corneous material in the lumen.
The epitheUum of the trabecula and central ends of the
tubules (zone III) approach the structure of epidermis
producing soft keratin. The basal layer is still a single row,
the intermediate layer is relatively thick, and the transitional layer has vacuolated cells (spaces left after secretion
has been dissolved). The only new feature not foimd in zone
II is the shght development of intercellular laminae, which at
the surface form a few corneous strands.

Corneous laminae ■
Intercellular laminae
• Transitional layer

0.01 mm.

400.—Wall of an oil gland duct from a 2-day-old Single Comb White Leghorn Chicken. The epithelium has the
characteristics of skin epidermis. The vacuolated cells of the transitional layer contain many keratin fibrils. Intercellular and
corneous laminae are distinct. Same sUde from which figure 399 was obtained. Bouin fixation. HematoxyUn and eosin stain.
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SECRETORY ACTIVITY OF SKIN EPIDERMIS
Preliminary Evidence
Our study of the oil gland soon after hatching demonstrated that in the early stages of differentiation there is a
close morphological similarity between the gland epithelium
and epidermis that produces soft keratin. In both, cells of
the transitional layer hypertrophy and develop vacuoles in
the cytoplasm. Keratin fibrils that have been described
earlier fill only a small part of these cells. When the same kinds
of spaces were found in the transitional layer of young differentiating oil glands, the question became obvious: Could it be
possible that the vacuolar spaces in the transitional cells
of the epidermis, in general, also contained lipoid sebaceous
secretions?
The implications would be far reaching if it could be
demonstrated that the body skin of domestic fowl functions
like an oil gland. It would be necessary to change the often
repeated statement that all glands, except the oil gland,
are absent from the skin of birds, to a new statement, that
the entire skin of the bird is a gland, and the oil gland is
only a specialized portion.
The first evidence that skin produces sebaceous secretion
came when fat stains were applied to the papillae of turkeys
and pigeons. We noted that the corneum of the skin that
covers the papilla was brilliantly colored with Sudan IV
and that spheres of lipid were in the epidermal cells beneath
the corneum. Since oil emerging from the ducts undoubtedly
spreads over the skin surface, it was conceivable that staining
was due to absorption of the lipids secreted from within the
gland, therefore, additional experiments were initiated.

Study of Selected Tissues
Materials.—Representative tissues from Single Comb
White Leghorn Chickens, 6 and 28 days of age, were fixed in
10 percent neutral formalin and sectioned at 10 ju on the
freezing microtome. These tissues were stained in Oil red O
followed by Harris^ hematoxylin.
The slides offered convincing evidence that a lipid w^as
secreted not only by the skin covering the papilla, but also
by the scales of the feet, the suici between scales, body skin,
comb, wattles, parts of foUicles, and the parts of the calami
of feathers. Representative illustrations were selected (figs.
401 to 408), but the text covers details not shown in the
illustrations.
Oil gland papilla.—The oil gland duct of the chicken,
28 days of age (fig. 401), is intensely stained, as it was also
in the adult turkey and pigeon. The secretion in the lumen
is homogeneous, and its deep color tends to mask the corneum and outer layers of the epidermis. The refractility
of the laminae of the corneum aids in locating the epidermis.
In the intermediate and basal layers, the secretions appear
as spheres of various sizes. In the pigeon the droplets were

clearly located within the cells, but in the chicken their
abundance permitted many of them to be cut in sectioning
so that the oil was spread across the section. In figure 401
the intracellular spheres can be seen best in that part of
the duct epidermis indicated by the label, "Secretion granules
in epidermal cells. ^'
True fat stains strongly with Oil red O. Plurivacuolar
fat cells have a mulberrylike appearance due to the close
aggregation of small intracellular spheres. These are easily
ruptured in sectioning. Connective tissue fat is readily distinguished from epithelial fat, chiefly because the spheres
are larger, even in plurivacuolar fat cells, than in epithehal
cells. There was no evidence that fat of dermal origin migrated into the epidermis.
The epidermis covering the papilla is strongly stained;
the lipoid material is concentrated largely in the corneum
and transitional layers. Within the latter layer, the cells
are oriented horizontally. Lipid spheres are large and abundant in the upper part of the intermediate layer but are
considerably less numerous in the basal layer. When the
fat spheres are minimal, the blue of the hematoxylin shows
through.
The section in figure 401 was taken near the tip of the
papilla so that a follicle of a circlet down feather was included.
Here again was evidence of lipid secretion diffused through
the corneum. Most of the follicle epidermis shown in figures
401 and 402 contained very few secretion granules; some were
present in the transitional layer; these granules faintly,
colored the corneum along a narrow band. Central to this
the corneum showed no evidence of color except at its free
edge adjacent to the follicular cavity. This was strongly
stained as was the remnant of calamus central to the follicular
cavity. Other follicles in this section and in sections of the
femoral tract were in various stages of development. Immature baibs, barbules, and shafts, however, show^ed no
color whatever. We concluded, therefore, that the cells
producing parts of the feather that protrude beyond the
follicle show no evidence of secretory activity.
The slight affinity of the corneum of the follicle for the
dye suggests that the lining is hard keratin. The greatest
concentration of slippery lipoid material occurs wehere the
outer surface of the calamus presses against the inner surface of the follicle. These are the sliding surfaces when the
feather is relased from the follicle.
Scales and sulci.—The interdigital webs in a chicken,
14 days of age, proved to be excellent material for the study
of soft and hard keratin. The webs also contributed significant information on secretory processes associated with
these two keratins (figs. 403 and 404, A and -B). It is evident
from the photograph in figure 403 that secretion spheres
are present in all layers of the epidermis at the free edge
of the epidermis. In the basal layer the spheres are present
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Epidermis on surface
of papilla:
Corneuffl with secretion
granules
Secretion granules in
germinative layer

True fat in connective
tissues of papilla

Secretion in lumen of duct
Secretion granules in
epidermal cells

— Follicle c. t. sheath
Germinative layer of follicle epithelium
Secretion in cornea on both surfaces of follicular cavity
— Absence o( secretion in intermediate part of follicle corneum
Secretion in basal part of follicle corneum

1.0 mm.

401.—Transverse section of oil gland papilla about one-third the distance from the tip. Section stained to show the
lipoid secretions in surface skin, oil gland duct epithelium, and layers of calamus and follicle. Single Comb White Leghorn
Chicken, male, 28 days of age. Fixation, 10-percent formalin. Frozen section. Oil red 0 and hematoxylin stain. Abbreviation:
0. t., connective tissue.
,
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on all sides of the nucleus (fig. 404, B). They are more numerous in the intermediate layer and still more abundant
in the transitional layer, where the spheres are often larger
than in the deeper layers. Generally, the discrete character
of the spheres is lost when the secretion passes from transitional layer to corneum, but in suitable locations we observed that the secretory spheres lay between the corneous
laminae and apparently were not dissolved within them.
Under high magnification it is possible to observe unbroken
secretion spheres among the laminae.
The above description applies to intermediate keratin,
which in figure 403 is present both in the free edge and in
the plantar surface. The morphology of the secretion processes is different on the dorsal surface. Here the epidermis
supports a hard keratin. The granules are concentrated in
the basal layer, are much fewer in the intermediate layer,
and are almost absent from the transitional layer (fig. 404,
A). The secretion spheres in the sulci (fig. 403), however,
are organized like those supporting soft keratin on the plan-

tar surface. The corneum of the scale (hard keratin) is light
pink and not deep red, except at the outer surface. Two hypotheses come to mind as to why the secretory material
in the superficial part of the scale is redder than that in the
deep part: (1) The secretion on the surface is derived from
a distant source and is absorbed onto the outermost corneous
laminae and (2) the corneous laminae of the scale are so
closely packed—a characteristic of hard keratin—that the
amount of secretion between the laminae is too small to
color it a strong red. Near the surface the laminae loosen,
and additional spaces permit the accumulation of a larger
quantity of secretion.
The pattern of secretion granules was the same at 28 days
as at 6 days, except that the amount was greater. Beneath
the hard keratin the few secretion spheres present were
limited to the basal cells. None were present in the other
layers. The corneum stained a light pink, except on its
surface where there were irregularly shaped, amorphous
masses.

SECRETORY ACTIVITY OF SKIN EPIDERMIS
The histology of the plantar surface of the toe (fig. 380,
p. 603) suggested that this area also would furnish suitable
material for study of the secretion processes. As one might
expect, the pattern of secretions within the cells of the
several layers was practically identical with that found on
the ventral surface of the interdigital webs. The number
of secretion granules was as numerous under the scales as
in the sulci. This was true at both 6 and 28 days of age.
Sections were not available from the dorsal side of the toe,
but we assume that they would have resembled those from
the dorsal side of the interdigital web.
Rictus, comb, and wattles.—Sections were made from the
maxillary part of the rictus. This organ was selected for
study because earlier vacuolated, hypertrophied cells were
observed in the transitional layer (fig. 338, p. 554). The
epidermis of the rictus becomes thicker as it approaches
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the free edge (figs. 339 and 405). As the epidermis changes,
the distribution of granules changes; the basal layer becomes
almost free of spheres, except for a few elongated ones in
the basal layer and small ones within the cells. The cells of
the intermediate layer are packed with secretion spheres,
which continue to the corneum. The corneum, although
narrow, stains an intense red. The corneum is of average
thickness on the lateral face of the rictus but disappears on
the oral face.
At a point in the epidermis marked by an asterisk (figs.
405 and 406), all secretions end. The epidermis continues
toward the oral side, but here there is complete absence
of secretion. At 28 days of age the cessation of secretion was
equally abrupt, but the Hne of transition was slightly on
the oral side. For purposes of comparison, sections were
made of the tip of the tongue. Neither the thick mucous
membrane on the dorsal surface nor the epidermis and hard

1—Wall of calamus
Wall of follicle
Derm is
(follicle c. t. sheath)

■ Secretion granules
in outer layer
of calamus

Intermediate layer with
a few secretion granules
fi.B. £iV//V6

— Transitional layer with
secretion granules
■ Secretion dissolved in
basal part of corneum

H

.01 mm.

402.—Enlargement of a section from the right-hand side of the follicle shown in figure 401. The secretion granules are
concentrated at the outer part of the transitional layer; some have dissolved in the basal part of the corneum and appear as
a darkly stained band. Other rows of secretion granules he close to the insipient follicular cavity bounded by calamus wall
and the outer surface of corneum. Drawing made from the same slide used for figure 401. Abbreviation: c. t., connective tissue.
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FREE EDGE OF WEB

*»

/

Large spheres of lipoid in a broad
transitional layer
Small spheres of lipoid in basal
and intermediate layers
oid throughout corneum

Sulcus between
ventral reticui
scales

Dorsal reticulate scale:
Surface corneum
Hard keratin of scale
Refractile line between
narrow transitional
layer and corneum
Lipoid in basal and
intermediate layers
Ligament parallel to free edge of interdigital web
0.20 mm

Pl|urivacuolar fat cells

403.—Vertical section of an intermediate interdigital web, stained to show lipoid secretions, which occur in the
germinative layer and in the corneum of reticulate scales. The single asterisk indicates the location from which the drawing
in figure 404, A, was made; the double asterisk, the area from which figure 404, B, was drawn. Single Comb White Leghorn
Chicken, female, 6 days of age. Fixation, 10-percent formalin. Frozen section. Oil Red 0 and hematoxylin stain.
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keratin on the ventral side showed any trace of secretion.
The epidermis of both comb and wattles produces abundant secretion. The comb illustrated in figures 407 and 408,
is from a 28-day-old chicken, but secretion was equally
copious at 6 days. Secretion spheres at both ages were absent from the basal layer; they were small and scattered
in the intermediate layer, and, were large and packed in
the transitional cells. The corneum was stained more intensely at 28 days than at 6 days. The description above
would apply equally well to the wattle epidermis.
In sections of the oil glands at 28 days of age. Oil red 0
stained the secretion spheres in the same way as in the
epidermis. From these studies it seems evident that skin,
scales, comb, wattles, and parts of the follicle and calamus
have a secretory function similar to that of the oil gland.
These secretions are absent from the parts of the oral cavity
examined and from most parts of the growing feather shaft
and follicle.
Conclusions on sebaceous secretions by the skin.—The results of the study leave little doubt that the skin of the
chicken secretes sebaceous material similar to that produced
by the oil gland. White Guinea Fowl, White Pekin Duck,

Bob White Quail, two species of albatrosses, and Common
Pigeon also gave positive reactions. As a first hypothesis, we
suggest that the secretions of the oil gland are used for coating the feathers and that the secretions of skin, scales, comb,
rictus, and surface of the body in general take care of the requirements of the skin itself for sebaceous material.
Perhaps in the light of these observations, new evaluation
is needed of the effects of extirpating the oil gland. Perhaps,
too, an explanation is available as to why some species of
birds prosper without an oil gland. Many problems pose
themselves, and any capable research investigator could
easily list a dozen. The answers to these must come from
further studies in histology, histochemistry, electron microscopy, and other modern techniques, but at present it can be
said that the skin of the chicken and other birds is a secretory
organ (Lucas, 1968) .^^
'* After the observations had been completed (as well as had the text
and illustrations), it was discovered that Varióak (1938) had used fat
stains on skin of the domestic chicken. He observed spheres of fat in
the cells of the basal and intermediate layers. He observed tinctorial
difference in the staining intensity of cells from the dorsal and plantar
surfaces of the toes but did not give the differences described here in
detail. The article by Varidak unfortunately contained no illustrations.
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404.—Enlargement of two areas, indicated by asterislcs in figure 403, showing distribution of lipoid secretion granules
in epidermis supporting a hard keratin (A) and an intermediate keratin iß).

A, dorsal reticulate scale. Location indicated by a single asterisk in
figure 403.

B, free edge of the interdigital web. Location marked by a double
asterisk in figure 403.
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405.—Transverse section of rictus (maxillary portion) showing presence of lipoid secretions in skin on external surface
and their absence in mucous membrane on oral surface. Asterisk marks the point of abrupt transition and the area from which
figure 406 was drawn. Single Comb White Leghorn Chicken, female, 6 days of age. Fixation, 10-percent formalin. Frozen
section. Oil red O and hematoxylin stain.

FIGURE

633

SECRETORY ACTIVITY OF SKIN EPIDERMIS

Corneum
disappears toward
the oral surface -

Corneum increases in
thickness toward
the external surface

Zone of change from
intermediate to
transitional layer

6>
Mucous membrane —
toward buccal cavity-

•V

5
Integument — toward
external surface

Û

fy

t' •< <<* 1, ^
• Basal layer

ÄÄ EÍA/I/V0—

.01 mm.

FIGURE

406.—Enlargement of area indicated by the asterisk in figure 405. The secretion granules are abundant on the exterior
side of the rictus edge but suddenly disappear in the middle of the edge toward the oral side.
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407.—Lateral surface of a comb near the tip of a point to show presence of lipoid secretions in germinative layer and
in corneum of skin. The asterisk marks the area from which figure 408 was drawn. Single Comb White Leghorn Chicken,
male, 28 days of age. Fixation, 10-percent formalin. Frozen section. Oil red O and hematoxyhn stain.
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408—Enlargement of the area indicated by the asterisk in figure 407. The lipoid secretion spheres from the transitional
layer are dissolved in the corneum coloring this layer a strong red. Secretion granules are absent from the basal layer and
vary from a few to many in the transitional layer.
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SEBACEOUS GLANDS OF EXTERNAL EAR
It is generally recognized that the oil gland of the tail
serves the feathers and beak with its secretion. Some authors
(Moser, 1906; Schumacher, 1919; Gomot, 1958) list the
small sebaceous glands of the external ear as an additional
wax-producing gland of the avian integument. Plate (1918)
described the histology of these glands in the turkey hen.
The glands are composed of a row of shallow, acinus-shaped
organs that extend longitudinally into the wall of the external ear. They are holocrine glands, but from our studies
they are greatly different from the uropygial gland. The
epithehum does not show the layers found in skin epidermis.
Fat spheres are small, but the vacuolar spaces within the
cells are large (fig. 409). The dead and djang cells become
isolated from the epithelium but do not disintegrate as com-

pletely as they do in the oil gland. The broad lumen of each
goblet-shaped gland is entirely filled with discharged cells,
and it is difficult in some preparations to determine where
the epithelium ends and the contents of the lumen begin.
Plate (1918) noted in the turkey that a nonencapsulated
lymphoid area lay between glands. The same is true in the
chicken. Where the glands are large, the lymphoid foci may
be reduced to a thin layer.
From what we have observed of the wax glands of the
ear, the differences are so great from the uropygial gland
that there seems to be little basis for regarding them as
structurally equivalent to the oil gland or to the secretory
processes found widely distributed in body skin of the bird.

Lymphoid foci

"

CAVITY OF EXTERNAL
EAR CANAL

Basal and intermediate layers

Transitional layer
Secretion and cell debris in
lumen of gland

Duct of ear gland
Secretion in lumen
of ear canal

0.20 mm.

409.—Longitudinal section of glands in wall of external ear canal. The lumina are broad and are filled with spheres
of Hpoid secretions and cell debris. Male Single Comb White Leghorn Chicken, 310 days of age. Bouin fixation. HematoxyUn
and eosin stain.
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Techniques
INTRODUCTION
This chapter summarizes our laboratory techniques for
preparing and illustrating specimens.
Many of our findings reported in the preceding chapters
were made possible by innovations in techniques and
apparatus. These ranged from simple modifications of
standard staining procedures to the design and construction
of a drawing machine. In some cases, we modified techniques
that had been developed for mammahan tissues so that they
would work with avian tissues. Where there was little
precedent, we devised methods to satisfy our needs. We were
helped by ideas obtained in consultation with many workers
in other laboratories, as well as those found in the literature.
This chapter is a compilation primarily of these methods and
devices. Also included in this chapter are accounts of some
items that are not original with us but that we have found
useful and yet may not be well known.
This is not intended to be a comprehensive guide to
techniques for preparing and illustrating avian integumentary
tissues. Readers seeking basic instruction and additional
techniques should turn to speciaHzed references. We have
used numerous handbooks on histological techniques, among
them are those by Bensley and Bensley (1941), Biological
Stain Commission (1960), Gridley (1960), Gurr (1956),
Humason (1962), Lilhe (1954), McClung (1939), McManus
and Mowry (1963), and Steedman (1960). Of the numerous
journals reporting histological techniques, the two that have

been the most useful are Anatomical Record and Stain
Technology. Books that we have used on illustrative
techniques include those by Clarke (1939), Ellenberger,
Baum, and Dittrich (1956), Loechel (1964), Papp (1963), and
Zweifel (1961). The Journal of the Association of Medical
Illustrators, New York City, is an excellent source of ideas
and information on illustrative techniques.
Reference to a company or product does not imply the
approval or recommendation of the product by the U.S.
Department of Agriculture to the exclusion of others that may
be suitable. Other brands may serve as well as those we have
employed, but their use may call for modifications of our
procedures.
Birds used in research must be well cared for and handled.
Information on the management of poultry can be found in
such textbooks as those by Card (1961) and Jull (1952).
Standards and guidehnes for the breeding, care, and management of chickens as laboratory animals have been presented
concisely in a booklet prepared by the Subcommittee on
Avian Standards (1966), Institute of Laboratory Animal
Resources. The raising of pigeons has been treated exhaustively by Levi (1957), although without consideration of
laboratory conditions. For Coturnix Quail, a great deal of
information on their management in the laboratory can be
found in The Quail Quarterly.

ANESTHESIA AND KILLING
Anesthesia
General anesthesia is necessary to perform techniques in
which birds must be ahve. Such volatile agents as ether and
chloroform are unsatisfactory for birds because they are
difficult to control. When inhaled, they pass into the air sacs,
where they become absorbed in excessive amounts, resulting
in death.
We have used satisfactorily injections of sodium amytal,
chloral hydrate, and Equi-Thesin.^ The last-named chemical

1 A combination of chloral hydrate, pentobarbitol, and magnesium
sulfate in a water solution of propylene glycol and alcohol. (JensenSaisbery Laboratories, Kansas City, Mo.)

has a side effect, often desirable, of causing the feather
muscles to relax, with the result that the feathers can be
plucked easily. Phenobarbitol is also a good anesthetic and
offers a high degree of safety (i.e., a wide margin between the
dosage needed to produce unconsciousness and that
needed to produce death). Intramuscular injections have the
advantages of being easier to administer, causing less damage
to blood vessels, and being absorbed more slowly. Nevertheless, we more often make intravenous injections because the
dosage can be better controlled and the anesthetic takes effect
sooner. We usually inject by way of the basihc vein (terminology, Neugebauer, 1845), which is situated on the underside
of the upper arm, paraUel with the humérus; it can be easily
found in the elbow region. The lateral thoracic vein (West637
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pfahl, 1961) in the skin overlying the large pectoral muscle
can also be used.
For intravenous injections of Equi-Thesin the dose is
1.1 ml. per lb. of body weight (2.4 ml. per kg.) in smaller birds
including chickens, and 1,3 ml. per lb. of body weight
(2.86 ml. per kg.) in turkeys. These are about the levels
recommended by Gandal (1956) and Sänger and Smith (1957),
For sodium phenobarbitol, a dosage of 130 mg. per kg. has
been found satisfactory (Peterson et al., 1965: 352). These
figures should be regarded as guidelines because birds vary in
their reaction to the anesthetic. It is best to inject quickly
about half of the calculated dose and then to inject slowly as
much more as may be needed to bring the bird to the desired
level of unconsciousness, which is judged by observing the
bird. Additional information on anesthesia of birds is given
by Lumb (1963) and Schwarte (1965: 1150).

Killing
Birds can be killed by any of several methods that are
effective yet humane. Choice of a method depends on its
availability, the species and size of the bird, and the purpose
for which the specimen is intended. Ether and chloroform
(soaked on a cotton wad) and carbon dioxide (hberated by a
lump of dry ice) are easy to use. Quails and baby chicks
should be placed with the kilHng agent in a can with a tightly

fitting hd. Turkey poults, pigeons, and chickens can be held
with their heads inside plastic bags, together with the kiUing
agent. This method is not satisfactory for larger birds
because it takes too long, and the birds are difficult to hold.
Overdoses of anesthetic solutions injected intravenously
are effective for killing birds the size of chickens. This is the
best method to use if the bird is to be plucked, for the
feathers can be removed very easily while the bird is still alive
yet unconscious. The method has drawbacks, however, for
small birds (i.e., difficulty of making the injection) and for
birds the size of turkeys (i.e., difficulty of holding the bird,
and the large amount of solution needed).
Electrocution is a quick method for killing birds of any
size. We use a homemade device that administers ordinary
115-volt alternating current by way of two electric cables,
each with a spring-loaded clip at its free end. The clips can be
fastened to bare skin, but it is more effective to attach them
each to a hypodermic needle. One needle should be inserted in
the side wall of the bird near the heart and the other in the
caudal end of the body. The current is then turned on, and it
generally takes effect within 5 seconds. This procedure is
easier to follow than injection, particularly with large birds.
Attaching the cHps directly to the bird is slower than using
needles, and it causes an excess of blood to accumulate in the
tissues near the clips. Hence, if the clips are used directly,
they should be fastened far from the tissues to be studied.

GROSS EXAMINATION OF THE BODY
Determination of Body Regions
Regions and landmarks of the unfeathered body (discussed
in ch. 1) can be worked out by observation, palpation,
dissection, and the examination of X-ray photographs and
skeletons. Sections of such gross, frozen specimens as the
whole trunk or a limb are often informative. Such small
specimens as the toes of a quail or pigeon can be placed on the
holder of a microtome and cut with a small, high-speed hand
grinder equipped with a circular saw or a sandpaper disk.
Larger specimens can be cut with a hacksaw or handsaw.

Methods for Plotting Pterylosis
We have used two complementary methods for working out
the pterylosis of a bird—systematic plucking and examination
of fresh specimens, and the study of feather muscles in large,
preserved pieces of skin. The first approach wih be described
here and the second approach on page 639.
The bird should first be anesthetized with Equi-Thesin or
an equivalent drug that relaxes the feather muscles. The
feathers can then be plucked easily with relatively little
danger of tearing the skin. Extra care must be taken with
thin-skinned birds such as pigeons and Common Coturnix. It
is sometimes helpful to kill the bird with an overdose of

anesthetic and then to immerse it in water at a temperature
of about 125° F. for several seconds.
The procedure for systematically removing and marking
feathers is carried out in two ways according to whether the
birds have downs amidst body contour feathers. In both cases
remiges and rectrices are cHpped off, leaving about an inch
of the rachis exposed. Then, in birds without downs on the
feather tracts (e.g., chicken, turkey, quail, pigeon), the
contour feathers are plucked out a few at a time—except for
remiges and rectrices—and the open ends of their folHcles are
marked with a technical fountain pen. The tracts become
evident as plucking and marking proceed. Their boundaries
are determined primarily by the spacing and structure of the
downy, marginal feathers. For the sake of plotting pterylosis,
we include semiplumes with contour feathers instead of
downs. This means that the border of a tract is located so as
to include semiplumes but not downs. Near the border of a
tract, feathers must often be examined individually in order
to be classified. A pair of dividers is useful for measuring the
relative lengths of the rachis and the longest barb.
Tracts and apteria are sometimes divided according to
natural lines of body contour. We consider such separations
to be artificial boundaries and show them by dashed fines on
figure 60, page 105. Boundaries based on the arrangement and
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structure of feathers are considered natural and are shown by
solid lines on figure 60.
As the boundaries are determined, they should be marked
on the skin with a skin marking pencil or a watercolor pencil.
It is good practice to photograph a bird after the folhcles have
been dotted and the tract boundaries drawn. Such photographs are useful for study, comparison of individuals and
species, and for reference in preparing illustrations.
For plotting pterylosis of birds that have downs on the
feather tracts (e.g., ducks), clip one individual completely,
and mark the base of every contour feather with india ink.
Freeze this bird and keep it for reference. Pluck the contour
feathers of another specimen, and mark the folhcles of those
on the trunk, legs, and lower neck. Clip the feathers on the
upper neck and head to leave about one-eighth of an inch of
the rachis. Make a solution of one part barium sulfide to
three parts water, and daub it over these parts of the body;
treat an area about 2 inches square at a time, and leave it for
3 or 4 minutes. The down feathers and the downy bases of the
contour feathers can then be washed away with running
water, which leaves the short remnants of the shafts of the
contour feathers. These can then be marked without being
removed from their follicles.
Study of the pterylosis on the wings calls for a modified
procedure. Just before a bird is killed, tie a tourniquet of Hght
twine around the upper arm close to the shoulder, and hold it
tightly. After death, sever the wing at the shoulder joint. The
tourniquet helps to keep blood within the wing and thereby to
maintain a fresh appearance. The skin shrinks very little.
Extend the wing and pin it to a piece of insulating wallboard.
The specimen should be kept in a plastic bag with moist
paper towels and stored in the refrigerator when not in use.
We have preserved wings satisfactorily for pterylosis study in
this way for several weeks. Contour feathers and downs are
clipped short. By lightly moistening an area of skin, it is
possible to see where the downs emerge from their folhcles,
and thereby to distinguish them from contour feathers. The
two types of feathers can be marked with different colors to
facilitate counting and plotting them.
When drawing the pterylosis of the wing, it is very helpful
to use an illustrator's projector (p. 665). If wings of various
sizes are being compared, this makes it easy to make all
drawings the same size. We find it best to portray the forearm
and the hand separately because this allows more room for
individual feathers and does not introduce foreshortening, as
drawing the entire wing tends to do. The placement of the
feathers can be recorded either by dots or little outlines of the
feather stubs. The latter take more room but have the
advantage of showing orientation and thickness of the rachis
as well as location. After a preliminary pencil drawing has
been made, the outline of every feather should be carefully
checked for accuracy in all respects.
The technique used on wings can be applied to the rest
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of the body. Although it is tedious to chp every feather, the
results obtained sometimes justify the extra work. Portions
of skin that have been plucked or chpped can be preserved by
embalming if permanent preparations are desired.
Even after the feather tracts have been exposed, it is
tedious and difficult to draw them accurately. We have
found it easier to handle and view the specimen if it is
fastened, wings outstretched, on a sheet of plywood or
insulating wallboard. Small areas of follicles are then
gradually marked off with very narrow strips of tape. Landmarks of the tracts or the body regions are used as much as
possible. These tapes serve as guidelines for drawing the
pattern of the tracts on a sheet of matte acetate over an
outhne drawing of the body. All strips of tape should be left
in place until the pattern has been completed and checked for
accuracy.
The pterylosis of the head must be shown on enlarged
drawings because the follicles are very numerous and close
together. We have found that if the distance from the tip of
the beak to the back of the skull is drawn as 8 to 9 inches,
there is usually enough area to show the pattern of the tracts.
The pencil diagram of pterylosis is finally copied in india ink
on a transparent acetate that is treated to take ink, such as
Bourges Kleerkote.^ This diagram can then be laid over a
drawing of the body or one of its parts. The underlying or
base drawing can be in outline, but is more meaningful to the
diagram if it is shaded to show contours. The preparation of
informative overlays is discussed further on page 667.

Molting Records and Growth of Feathers
Before records of molting can be collected it is necessary to
have on hand accurate diagrams of pterylosis with the
location of each follicle marked by a dot. A fresh set of matte
acetate overlays is made for these drawings for each individual
bird, each time it is examined. Color can be used to distinguish each generation—circles for immature stages and
dots for mature feathers (see fig. 126, p. 200; and figs. 143 to
156). Data should be cohected in three views—dorsal, ventral,
and lateral—but it is adequate to summarize results in two
views—dorsal and ventral. The same data also allow the
type of summarization shown in figures 138 to 142.
Distinguishing mature feathers of each generation sometimes introduces errors; however, maintaining a running
account of each feather of each bird at frequent intervals, as
described on page 199, prevents most of the errors. Coloring
individual feathers or all of the feathers at a certain age with
an alcohohc solution of such dyes, as acid fuchsin, eosin,
gentian violet, or picric acid further reduces errors in
identifying feathers of successive generations.
Different colors and marks are also used to follow stages
of growth within each generation (fig. 126).
2 Bourges Color Corp., 80 Fifth Avenue, New York, N.Y. 10011.
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X-RAY TECHNIQUES
We used radiographs for determining the normal position
of bones and joints, the extent of cavities in the head, and the
arrangement of major blood vessels. The findings on bones,
joints, and cavities are valuable not only in themselves but
also in establishing sound boundaries for body regions.
In radiographing biological specimens, better results are
often obtained with so-called soft X-rays instead of so-called
hard X-rays. Soft rays are of relatively long wavelength,
which can be produced at low energy levels of less than about
40 kilo volts (kv.). Both hard and soft ra3^s are produced at
energy levels above 40 kv. Soft rays reveal delicate soft
structures and give greater clarity to thicker parts than do
the high-energy hard rays. Miller (1957) discussed techniques
of radiography with soft rays and demonstrated their results.
The fundamentals of radiography are explained in an
excellent booklet published by Eastman Kodak Co. (1960).
Our radiographs were taken with X-ray apparatus^ capable
of operating at up to 120 kv. and 10 milhamperes (ma.).
Most of our pictures were taken at a distance from the target
(i.e., focal spot of the tube) to the film of 33 to 38 inches. We
used X-ray film sheets,^ which are individually packed in
envelopes and are ready for exposure. We did not use
photographic film because it must be loaded in darkness into
cardboard exposure holders—a step that would be inconvenient for us.
The use of X-ray film in individual envelopes eliminates the
need for holders or cassettes. A specimen can be placed
directly on a film envelope, though it is a good idea to
interpose a sheet of polyethylene for protection against
moisture. Exposure must be determined by trial and error
until the characteristics of a given combination of machine,
specimen, film, and processing method are known. For
example, our radiograph of a defeathered, embalmed

Common Coturnix required an exposure of 10 seconds,
whereas one of the posterior half of the body of a White
Pekín Duck required an exposure of 6 minutes. Both shots
were taken at 4 ma., 23 or 24 kv., and a target-to-film distance
of about 33 inches. Our standard practice is to take radiographs at three or more exposure times for the same specimen. The pictures \\ith short exposure show details in soft,
delicate tissues, whereas those with long exposure reveal details in thick, dense structures.
Radiographs of greater sharpness and clarity than normal
can be made if specimens are first cut in two. If the specimen
is frozen, a cleaner cut can be made than otherwise. Sectioning
is done with a handsaw, a handsaw, or a Stryker saw. The
quality attainable with this technique can be seen in figure 24,
page 33, a photographic print from a radiograph of the right
half of the head of an owl taken at 2)^ minutes at 4 ma.,
24 kv., and 38 inches.
Cavities and blood vessels can be studied with the aid of
substances that are opaque to X-rays such as Micropaque.^
This powder can be mixed with petroleum jelly to form a
paste, which is tightly packed into cavities before the
specimen is X-rayed. The powder can also be mixed with
water and injected into blood vessels. For a study of the circulation in the comb and wattles, for example, a bird is killed
and the heart and adjacent vessels are exposed by removing
the breast muscles and the sternum. The jugular veins and the
brachial arteries are tied off, and the jugulars are opened
above the ''tie'' to allow blood to drain out. The vessels in the
head are then flushed with warm avian physiological saline
solution injected into a carotid artery. Next, 15 to 20 cc. of
radiopaque hquid are injected into the same artery. A
radiograph of this specimen should reveal well the main
vessels in the comb and wattles. This method does not distort
tissues or displace vessels.

PREPARATION OF SKELETONS
Cleaned skeletons are necessary for identifying palpable
bones and joints that may be landmarks of body parts and
regions. The soft tissues around the bones can either be
macerated by bacteria or chemicals, or they can be eaten
away by dermestid beetles (Dermestes vulpinus). The last
method, if managed well, produces nicely cleaned skeletons
with a minimum of hand labor, and hence of expense. Our
procedure for skeletonizing with beetles is drawn from an
article by Russeh (1947) and the experience of curators and
preparators at the Michigan State University Museum and
the University of Michigan Museum of Zoology.

3 Picker X-Ray Corp., 1275 Mamaroneck Avenue, White Plains,
N.Y. 10605. Zephyr model
^ Eastman Kodak Co., Rochester, N.Y. Industrial type M.

Roughing Out and Drying
A bird to be skeletonized should be skinned completely,
including the feet. Then the body is eviscerated carefully to
ensure complete removal of the lungs and kidneys. Next the
muscle masses on the breast and thighs are slashed or cut
off if the bird is as large as a domestic duck. The carcass can
be put in the beetle colony while it is fresh, but rotting or
molding are less likely if the carcass is allowed to become dry
to the touch, inside and out. Regardless of how it is dried—by
natural or artificial sources of heat—it must be protected
from flies.
Every specimen must be given an identification tag before
it is placed in the beetle colony. We have used sturdy paper
§ Manufactured by Dormancy & Co., Ltd., Ware-Herts, England,
and distributed in the United States by the Picker X-Ray Corporation.
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tags on which identifying data can be written and have had
no trouble with their being damaged by the beetles. Numbered, reusable, metal tags, used by some workers, are
certain not to be eaten. Full information on specimens should
be recorded in a numbered list or catalog.
The skeletons of birds that are found dead or dying should
not be used. Such birds may contain large doses of organic
insecticides that would injure the beetles (Bartlett, 1961:
207). Our experience supports the recommendation that they
not be skeletonized, at least not by beetles unless it is certain
that they have not been poisoned.

Management of a Dermestid Colony
Dermestid beetles are best kept in a metal container with a
tightly fitting hd. The size of the container depends on the
size and quantity of specimens to be cleaned. We have kept
colonies successfully in containers ranging from a coffee can
to a deep-freeze chest from which the freezing unit had
been removed. In our experience, large containers must
have one or more screened holes for ventilation, but other
workers have not found these holes necessary. The temperature of the box should be monitored so that it can be
kept at 75° to 85° F., the optimum range for the dermestids.
If the colony is kept in an unheated room, an electric Hght of
low wattage should be installed in the box for warmth. We
have found that resistance coil heating elements are more
expensive and have a shorter life than light bulbs. Because
dermestids shun light, however, the bulb should be shielded so
that it does not illuminate much of the inside of the box.
Put each carcass in a cardboard tray or open box so that
the bones of different individuals do not become mixed in case
they become disjointed. Cover the carcass with a layer of
poor-grade cotton (up to a half-inch thick) in which the
beetles can pupate and as adults lay their eggs. If the cotton
is too thick, it becomes damp from residual moisture in the
carcass and must be discarded. Blocks or thick sheets of
corrugated cardboard can be used in addition to the cotton
for the same purpose. At this point, place the specimen in the
beetle container.
A dermestid colony should be checked every week, oftener
if it is working on small animals. A thriving colony can clean
the skeleton of a quail in about 2 days and that of a chicken in
about 1 week. If it takes much longer than this, check the
temperature and add a few freshly dried pieces of meat.
Remove rotting or molding specimens and damp pieces of
cotton as soon as they are noticed. If the colony becomes
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infested with spiders, mites, or flies, the container should be
thoroughly cleaned out and a fresh colony started with a few
healthy beetles. Regular inspection of the colony makes it
possible not only to keep conditions optimal but also to
remove specimens as soon as they have been sufficiently
cleaned, before they become disarticulated.

Fumigation and Final Cleaning
All the dermestids on a skeleton must be killed promptly
after it is removed from the colony. Place the specimen, still
on its tray, in a deep box or basin with a shallow dish
containing about 1 ounce of fumigating liquid. Cover the
container tightly and leave it for 24 hours. A fumigant can be
made by combining one part of carbon tetrachloride with
three parts of ethylene dichloride. However, such commercially made grain fumigants as Serafume^ or Farm Bin
Fume^ are more effective.
The skeleton must next be washed. Spread its debris on a
piece of plain paper, and examine this carefully to retrieve
any small bones that may have come loose. Use goggles or a
protective screen because the debris causes an allergic reaction
in the eyes of some people. Soak the bones at least overnight
in a weak solution of ammonium hydroxide. Bones with adherent bits of flesh will require longer soaking but, they should
not be kept in the ammonia water any longer than necessary
lest they become disarticulated. The skull and the rib cage can
often be removed before the rest of the skeleton. After the
pieces have soaked, rinse them well in tapwater, and soak
them in water overnight. Remove any remaining pieces of
flesh with a scalpel, forceps, or small scraper. Lay the bones
on paper towels, and allow them to dry thoroughly. Be sure
to write the catalog number of the specimen on the towel so
that there is no chance for bones of different individuals to get
mixed.
If any bones are still greasy, drill a tiny hole in each end,
using a small electric drill. Soak the bones for a few days in a
fat solvent such as carbon tetrachloride, xylene, or perchloroethylene (a drycleaning solvent). Colorless gasoline can
also be used, but should be made nonflammable by adding
one-third volume of carbon tetrachloride.
A skeleton that is to be displayed or photographed can be
bleached in a 2 percent solution of hydrogen peroxide until its
appearance is satisfactory. This treatment should be watched
carefully if bones are dehcate or have fine processes that
might be damaged. Finally, the bleached bones should be
rinsed and dried.

STUDY OF WHOLE FEATHERS AND FEATHER PARTS
Exploded View of the Feather Tracts
A method for simultaneously comparing feathers from
many locations is useful in a detailed study of the feathering
of any bird. We followed the procedure outhned by Cairns
and Saunders (1954: 224), with small modifications, in
preparing such illustrations as figure 181, page 281. Because

such illustrations show the feathers farther apart than
normal, we refer to them as exploded views of the feather
tracts. Our method is as follows:
6 Dow Chemical Co., Midland, Mich.
^ Douglas Chemical Co., Liberty, Mo.
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1. Either anesthetize the bird with Equi-Thesin or kill it
and scald it for a few seconds (water temperature = 122° to
130° F.).
2. Pluck the anesthetized or scalded bird in the area to be
studied (e.g., femoral tract). Allow a margin at least 1 inch
wide all around this area. Keep the bare skin moist. Kill the
bird if this was not done earlier.
3. Mark the opening of every foHicle in the plucked area
with a dot of black india ink. A technical fountain pen is
useful for this task.
4. Cut off the skin of the plucked area and fasten it,
right side out, to a piece of stainless steel woven wire cloth
(p. 645). Stretch the skin flat, but distort it as little as
possible. Record the orientation of the specimen (p. 644).
5. Photograph the specimen. Choose a film and developer
that will give high contrast between the follicular dots and
the background. Use 4- X 5-inch film if possible.
6. Project the negative onto a large panel, using a
photographic enlarger that can be turned horizontally. The
size of the image should be adjusted so that most dots are
separated by a distance equal to at least one-half to one-third
the length of the feathers growing from those foUicles. This
step will show how large a panel will be needed. With chicken
specimens, the distance between projected dots is generally
1 to 2 inches, and the overall height of the image is several
feet. We have found 4- X 8-foot panels of one-quarter inch
wallboard to be very satisfactory. They cost less and weigh
less than plywood or composition boards.
7. Paint the panel in color, preferably close to a primary
color. Colors are preferred to black because it is easier to see
the dots when projected in the dark. To get.a black background in the photograph, a filter of contrasting color is used
(step 10).
8. Project the negative onto the painted panel, and mark
every dot with white ink.
9. Obtain another bird of the same species, variety, sex,
and size as that from which the skin was taken. Pluck feathers
one by one and glue them on the panel at the dots corresponding to their location. Care must be taken to locate the
feathers accurately. Place the calamus on the dot and orient
the feather as nearly as possible in the same direction as that
on the body. Use a rapid-drying household cement, and
weight the feathers until they are firmly set. It is unnecessary
to mount every feather in a tract; gaps should be left
wherever necessary to prevent overlapping.
10. Photograph the finished panel, using a lens filter of
contrasting color (e.g., use a red (Wratten A) filter if the panel
is green). The filter will cause the background to come out
black in the print.
11. Using an enlargement from the negative as the base
picture, make an overlay of transparent acetate and add
boundaries, landmarks, and labels to it.

of it can be mounted on a glass slide or plate and covered with
a cover slip or another glass plate. Mounting medium may be
used or not, as will be explained. We refer to preparations of
this sort as whole mounts of feathers.
Records for feather preparations must be even more
specific than those for other structures because feathers are so
numerous and so variable. It is often advisable to record the
tract from which a feather was taken, location within that
tract, and the location of barbs within a feather. The last
item can easily be recorded on the slide label by a small
diagram of the entire feather with a colored dot at the
specific location of the barb sample.
Washing
Feathers are almost always dirty—contaminated with soil,
fragments of feather sheath, and secretion of the preen gland.
They must be washed before they can be subjected to
microscopic examination. A simple way to do this is to shake
the feathers in a detergent solution in a screwcap jar. Rinse
them well in warm tapwater and then in 70 percent and 95
percent alcohol—about 2 minutes in each. Store the feathers
in 95 percent alcohol or blot them on paper towels and finish
drying with a heat gun.
This procedure fails to remove all the powder from powder
feathers, but we have found an ultrasonic device to be
effective for the purpose. The instrument we used is a
sonifier« intended for emulsifying and for disrupting biological
cells in suspension. An ultrasonic cleaner would probably
work even better. The feathers and a weak detergent solution
are put into either the tank of the instrument or a beaker,
depending on the design of the instrument. In operation, the
energy of high frequency sound waves causes rapid formation
and violent collapse of minute sound waves. The pulsing
action of innumerable small and intense impacts dislodges
particles from the immersed feathers. We have not experimented with a range of operating conditions but have gotten
satisfactory results from running the sonifier at 3.75 amps
for 90 seconds. These values do not seem to be critical. After
this treatment the barbules are perfectly clean, without any
visible damage whatever. Although we have not made much
use of ultrasonic devices, our results indicate that they would
be useful for cleaning soiled feathers.
Staining
White feathers should be stained so that their details can
be seen as well as possible under a microscope. If they are
mounted in a liquid synthetic resin, they become nearly
transparent because the refractive index of keratin is extremely close to that of the medium. Staining is therefore
essential for white feathers that will be mounted in a Hquid
medium; it enhances the visibility of feathers that will be
mounted dry.

Whole Mounts
A fully grown feather needs no fixation and can reveal a
great deal without being sectioned. The entire feather or parts

8 Branson Instruments, Inc., 4 Progress Drive, Stamford, Conn.
06904. Soniñer model L375.
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A stain for feathers should be bright even under the
microscope and should not leave any particles in the barbs.
Fabric dyes for home use are quite adequate if feathers are
only to be seen grossly, but they are not bright enough for
microscopic study. To use them, dissolve 1 teaspoonful of the
dye powder in 1 cup of hot water; place over low heat so that
the solution remains warm but does not boil. Take a feather
that has been washed and rinsed, and immerse it in the dye
solution for at least 10 minutes, longer if a deeper color is
desired; agitate occasionally. Remove the feather and rinse it
in cold water until the water shows no color. Gently blot the
feather between paper towels and fluff dry it with a heat gun.
White feathers that are to be examined microscopically are
best stained with such alcohol-soluble stains as acid fuchsin
and malachite green. Dissolve the stain in 95 percent alcohol,
using enough powder to make a deep color. Filter the solution
twice. If acid fuchsin is used, add 3 or 4 drops of concentrated hydrochloric acid per 50 cc. of solution. Soak the
feather in the stain for at least 2 hours, preferably in a
warm place such as a paraffin embedding oven (55° C). At
room temperature, a staining period of 12 hours or more may
be needed in order to get strong enough color. After staining,
immerse the specimen in 95 percent alcohol, and agitate it
gently for 5 minutes to dislodge any particles of stain
enmeshed in the barbs. Blot the feather with paper towels,
and finish drying it with a heat gun.
Mounting
For a study of gross appearance, feathers can be mounted
whole, but for a study of microscopic structures, it is best to
mount parts. If the main vanes are to be left intact, any
afterfeather should be removed. The afterfeather should be
snipped off at the base of the aftershaft and mounted beside
the main vanes. If only barbs are to be examined, the shaft
should be removed because the added thickness of this part
is a hindrance under the microscope. Lay the feather on a
cutting board, hold it near the tip, and cut the bases of the
barbs with a scalpel, from the apex to the base of the rachis.
Pieces of a pennaceous vane will remain intact even without
the rachis, and hence will serve to show the arrangement of
the barbules. If the structure of the barbules is the focus of the
study, mount the barbs separately. Several barbs or several
pieces of a single long barb can be placed side by side on the
same slide. Record on the slide label the exact location of the
barbs in the feather.
Individual pennaceous barbs require special handling to
show their barbules most fully. Hold a barb at its tip with a
fine forceps and draw it between the appressed tips of another
pair of forceps or between the thumb and the index finger
(fig. 410). This action separates the barbules and exposes
their sides to view.
A Barraquer style cilia forceps is an ideal instrument for
handling small feathers and barbs. Because the faces of the
jaws are flat, the forceps can grasp even tiny bristles and
filoplumes. This instrument can be obtained from a surgical
supply dealer.

FIGURE
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410.—Method of exposing the barbules of a
pennaceous barb.

Pennaceous barbs should be fastened to the slide so that
they can be viewed at some desired angle. Because the ramus
is usually thin and the barbules are inserted high on its sides,
a barb leans to one side or the other if it is not supported. We
have devised the following two methods for anchoring barbs :
Tape method.—The tape method is the easier method. It
suffices for downy and most pennaceous barbs but not for
barbs as large as those on the remiges of a chicken.
1. Cut a piece of self-adhesive double-faced Du Pont
Mylar tape^ slightly longer than the barbs to be mounted.
2. Lay the tape on a microscope slide. Rub it down firmly
and peel off the backing paper.
3. Place a barb on the tape and orient it as desired.
4. Finish the slide as either a wet or a dry mount.
Wax method.—The wax method should be used with such
large barbs as those on the remiges of a chicken; the wax
provides a better anchor than the tape.
1. Melt and mix equal parts of rosin and beeswax; keep it
melted over low heat. Make up at least 10 cc. in a beaker
or dish.
2. Make a dot or a stripe of wax across the wddth of a
microscope slide with a stiff wire or applicator stick.
3. After the wax has hardened slightly, scratch one or more
grooves across it with a needle; the grooves should be at least
5 mm. apart (fig. 411, A).
4. Place a barb on the slide with its base in one of the
grooves. Orient it as desired, and carefully hold it in place.
5. Heat the tip of a needle in a flame and bring it close to
the base of the barb so that the wax melts. Do not let the
needle touch the wax lest it move the barb. Allow the wax to
flow over the barb (fig. 411, B).
6. Take the needle away. When the wax hardens again,
it will hold the barb in place.
7. Repeat steps 4, 5, and 6 with other barbs, orienting them
to show various aspects. When melting the wax at one groove,
'Fasson Products, 250 Chester Street, Painesville, Ohio 44077.
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FIGURE

411.—Method for preparing a whole mount of barbs.

A, grooves are scratched in a stripe of rosin-wax on a slide.
B, barbs are laid in the grooves, oriented as desired, and fixed in place
by wax melted with hot needles.

C, a plastic frame is used to support the cover glass and contain the
mounting medium.

take care not to soften the wax around barbs already in place.
8. Finish the shde as either a wet or a dry mount.

mending tape. Slides made in this way are not quite as neat or
durable as those with a cemented cover slip, but these are no
disadvantages for specimens that are to be examined by the
researcher himself. Some of our taped sHdes are several years
old, yet show no sign of deterioration.
We compared glycerine, cedarwood immersion oil, Farrant's
medium, and Harleco synthetic resin (HSR)^^ f^j. mounting
feathers, and we have found the resin to be the most satisfactory. Its viscosity can be controlled through the strength
of the solution; a viscous medium is an aid for mounting
feathers with a thick shaft.
It is sometimes desirable to be able to examine a piece of a
feather or other hard structure from various angles. This
cannot be done if the specimen is mounted on a slide. It is very
difficult to hold a specimen in the same position with forceps
for a long time, for example when making a drawing. A very
simple yet effective solution is provided by Styx adhesive
wax. 13 Stick a pea-size piece of this material on a hard, stable
base such as a jar cap or a small block of wood, and push the
specimen into it. Very small specimens can be fastened with
the wax to the head of a pin stuck in a cork. The wax holds the
specimen in almost any desired position, yet allows it to be
manipulated. This method was used for holding the specimens
shown in figures 162, page 240; 163, and 170, page 247.

When mounted whole, feathers or barbs are sometimes so
thick as to cause difficulties in supporting the cover shp or
containing a mounting medium. These can be avoided by
using a plastic slide cell mount.^o Cement the frame to the
slide before the specimen is put in place. Set the frame on the
slide, put a drop of Piccolyte cémentai on the inside edge, and
allow this to spread around the frame. When the cement dries,
the shde is ready for use. If the specimen is to be left dry, run
a thin line of cement around the upper surface of the frame,
and put a cover slip in place. For a wet mount, fill the frame
with mounting medium, and add a cover sHp (fig. 411, C),
Dry and wet mounts of feathers each have certain advantages. Dry mounts are easier to make and show structural
details in more contrast. White feathers need not be stained
for a dry mount. Wet mounts show structural details more
sharply because there is almost no refraction at curved edges.
For the same reason, they reveal the distribution of melanin
pigment more clearly. White feathers must be stained in order
to be visible in a wet mount.
The cover slip on a dry mount without a frame can be
cemented in place with Piccolyte or rosin-wax compound. It
is much simpler, however, to fasten the cover slip with

PREPARATION OF TISSUE SECTIONS
Recording Data
It is very important to keep records of specimens and the
techniques apphed to them. Neglect of data on a bird
diminishes the value of observations on its tissues. A notebook
should be kept for recording the species, age, and sex of every
bird used, the exact location from which tissues are taken, and
i^Turtox Products, General Biological Supply House, Inc. 8200
South Hoyne Avenue, Chicago, 111. 60620. Catalog No. 320A195
Frames made of cellulose acetate are available in round or rectangular
shapes and in various sizes and thicknesses.
11 Turtox Products. Catalog No. 320A1965.

the procedure used. The breed, variety, and strain, if known,
of domestic birds should be noted. It is also essential to record
pathological or abnormal conditions and any special circumstances of how the bird was raised or acquired. Notes on
procedures, followed later by notes on their results, will be
very helpful for improving methods.
A drawing or photograph of a bird is often useful for
recording the location and orientation of tissues that are
taken. One corner or end of the piece of integument or other
12 Hartman-Leddon Co., Philadelphia, Pa.
13 Lea A-V Service, Sun Prairie, Wise.
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tissue should be notched or tied with a thread as a mark for
orientation (fig. 412). Its location should be recorded on the
picture and in the notebook.

Selecting Tissues
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fixed. Flattening them after fixation causes distortion and is
not very effective. We have found it best to immobihze such
specimens before they are fixed.
Fixation of an intact specimen

Studies of the skin often require birds at certain ages or
of a particular sex. If these are not primary considerations, it
is desirable with chickens to choose young males because such
individuals have relatively thin skin and little fat. It is
further helpful, if the location of a skin sample does not
matter, to take it from an area where few or no feathers are
growing. Feathers on a prospective sample of skin should not
be plucked but chpped off close to the surface. Plucking
causes the follicles to collapse and consequently alters the
arrangement of surrounding tissues.
To obtain growing feathers for sectioning, again do not
pluck them but cut out a piece of skin that contains one or
more feathers at the desired stages. This method keeps the
still-soft feathers intact, preserves their relationships to their
folhcles, and shows the orientation of the feathers. If orientation of the feathers is not important, the skin can be trimmed
off close around a follicle after the specimen has been fixed. It
is easier to cut a large piece of skin into several single-follicle
portions after it has been fixed than to cut and fix these
portions individually.
The size of the piece of tissue to be taken is important.
A cube more than about 6 mm. on a side may not fix properly
for histological examination. Too small a piece, on the other
hand, may fail to show tissue relationships properly. Pieces
of skin that are to be prepared as whole mounts should have a
margin 20 to 30 mm. wide around the area of special interest;
this provides room for fastening the skin to its support, as
explained below.

Immobilization of Tissues During Fixation
Pieces of skin and other thin, flat tissues are troublesome to
embed and section because they curl or wrinkle when they are

Thread marks
anterior end

Skin can be fixed before it is removed from a bird. This
procedure works best with embryos and very young birds.
Older birds should be plucked or clipped so as to give the
fixative full access to the skin. Eviscerate a bird before fixing
it in cases where the skin on the under side of the body is not
in question. If possible, cut off and fix just the part of the
body that is wanted, such as the head. Immerse the whole
bird or a part of it in a strong fixative such as Bouin^s fluid.
If the fixative is warmed to about 130° F. it will penetrate
better than if it is cold. After fixation, wash the specimen in
water for several hours, in 50 percent alcohol overnight, and
in 70 percent and 90 percent alcohols for 24 hours each.
Portions of the skin can then be dissected off, going deeply
enough to include subcutis and sometimes skeletal muscles.
We have found that the fixative penetrates sufficiently to fix
the skin. Deeper tissues may not be thoroughly fixed, but the
alcohol processing hardens them enough so that relationships
of the layers can be studied satisfactorily.
Supports
In an alternate method, the skin or other tissue is taken
while fresh, spread out, and fastened to a support before it is
fixed. This technique gives better results than the one
previously described because the fixative penetrates more
rapidly and thoroughly, coming from both sides. A further
advantage is that the technique can be used with tissues from
inside the body. Specimens up to about 25 mm. across can be
supported on pieces of waterproof parchment paper.^^ The
piece of paper should be two to three times as wide as the
specimen. It should be pierced or punched to make several
holes for passage of the fixative. Spread out the specimen on
the paper, taking care not to pull it out of shape. Sew the
specimen to the paper with ordinary cotton thread; write
notes on the identity or orientation of the specimen in the
margin. Parchment paper is not a satisfactory support for
specimens larger than about 25 mm. because it curls too much
when the tissues shrink in the fixative.
Woven wire cloth (screening) made of Type 304 stainless
steeli^ has proved to be excellent material for supporting
pieces of skin and other tissue (fig. 413). It can be cut to fit

Area of tissue
removed

/?.S iÊ'lV/A/i5-

FiGUKE 412.—Example of a drawing for recording-the
location and orientation of tissues taken for sectioning.

i^Turtox Products, General Biological Supply House, Inc., 8200
South Hoyne Ave., Chicago, 111. 60620. Catalog No. 420A36; sold in
25- X 38-inch sheets.
i^F. P. Smith Corp., 2340 Clybourn Ave., Chicago, 111. 60614.
The cloth is available in a wide range of mesh (number of openings per
lineal inch) and gauge (diameter of wire). We use 14 mesh, 0.020-inch
wire cloth for most purposes and a coarser size, 10 mesh, 0.028-inch
wire, for specimens that are several inches across. As long as the cloth
is stiff enough to support a specimen and is at least 50 percent open
area, the exact specifications do not matter.

646

CHAPTER 10—TECHNIQUES
-Waterproof paper

FIGURE

Suture clip_

I

Weight

413.—Method of fastening a piece of skin on stiff wire cloth.

A, skin is laid on waterproof paper punched with holes, above wire
cloth.

the dishes used for processing and can be used repeatedly
without corroding. The wire cloth allows the specimen full
access to the fixative yet is stiff enough not to become curled.
The wires leave impressions in the tissue, but this can be
prevented by placing a piece of parchment paper, punched
with holes, between the cloth and the specimen. Skin can
quickly be fastened to the cloth with ordinary staples; this
is the favored method when many specimens must be
prepared in a short time. Fastening can also be done with
Michel-type suture chps (skin chps) obtainable from surgical
supply dealers. These are easier to remove and more resistant
to corrosion than staples. We used the 14-mm. size. The clips
cause distortion around the margin of the skin as it shrinks
and will corrode if used in Zenker fixatives because they are
made of nickel silver. Sewing the specimen with darning
needle and cotton thread gives the best results as there is no
distortion and, of course, no corrosion. Tissues should not be
allowed to dry while they are being removed from the
body and attached to the support. Avian physiological saline
solution, or at least water, should be used if necessary to keep
them moist.

Fixation and Infiltration
We have used numerous standard fixatives and have found
Bouin's fluid to be the most adaptable for our purposes.
Zenker's fixative or Helly's fixative (Zenker formol) are
preferred when cellular details are to be studied.
Petrunkevitch No. 2 fixative can be used as general fixative
but is particularly good for demonstrating the nuclear
structure of cells. It is not recommended for showing
cytoplasmic details. This fluid causes less hardening of tissues
than other fixatives, which makes for easier sectioning and
better sude preparations. Most staining reactions appear very
brilliant after this fixative is used. The original formula
(Petrunkevitch, 1933) was modified slightly by Lucas and
Jamroz (1961: 230), as follows, to adapt it for use with avian
tissues:

B, skin either is sewed to wire cloth or is fastened to it with suture
clips.
C, mounted specimen is immersed in fixative, weighted if necessary

80 percent alcohol
Nitric acid (concentrated)
Cupric nitrate
Paranitrophenol'

2 liters
60 ml.
40 ml.
100 gm.

'This fixative is very toxic and should be handled cautiously.
Do not inhale the dust nor allow it to remain on the wet skin.
Wear rubber gloves when weighing out the material and when
handling the prepared fixative. After fixation in this fluid, tissues
must be washed liberally and repeatedly with alcohol.

Mix the chemicals in the order given, filter, and add 100 ml.
of ether. Store in a well-sealed bottle in a cool place. Examine
the paranitrophenol before use ; brownish discoloration of the
clumps of powder is a sign of deterioration.
Routine procedures for washing, dehydrating, clearing, and
paraffin infiltrating can be followed in preparing most
histoligical specimens of integument and feathers. These can
be carried out according to the nature of a specimen, the aim
of a study, and the fixative used. A satisfactory medium for
embedding soft tissues is a mixture of seven parts paraffin
(56° to 58° C.) and one part Fisher Tissuemat^' embedding
compound of the same melting point. Tough tissues can be
embedded in a mixture of two parts paraffin (56° to 70° C.)
and one part Tissuemat.
Samples of skin should be left on their paper or wire cloth
supports until after the second infiltration in paraffin. The
skins will tend to curl if removed sooner, especially if they are
thin. Sections in various planes can then be easily cut from
paraffin blocks of tissues prepared in this way.

Placement of Serial Sections
with a Water Bath
Single paraffin sections are usually expanded by floating
them out on a bath of warm water. Serial sections have
routinely been placed on slides with the aid of albumenized
water and heated to remove the wrinkles. Heating is tedious
" Fisher Scientific Co. Catalog No. 12-647.
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and troublesome; if too much heat is applied, the paraffin
sticks, and if too little heat, the wrinkles remain. Air in the
water often forms bubbles that accumulate under the sections.
Sack (1963) and Frandsen (1964) described methods for
manipulating ribbons of serial sections on a floating-out bath.
We have tried both techniques and have found Frandsen's
more satisfactory. With some modifications in handling, it is
carried out as shown in figure 414; the individual drawings
illustrate the following steps :
A. Trim the block of embedded tissue so that opposite
sides are parallel. Leave just enough thickness of paraffin to
allow for a shght overlapping of ribbons.
B. Lay the ribbons in sequence on coarse paper (paper
toweling is good).
C. Cut ribbons into strips with a cold knife. In determining
suitable length of the strips, allow for expansion and space for
a label. A notch can be cut from the paraffin of one section as
a mark for orientation.
D. Rub a 2- X 3-inch shde Ughtly with albumen fixative.
Arrange the paraffin strips in rows on the shde, lengthwise
from left to right. There should be a slight overlap between
rows, but not so much that the paraffin of one row hes
between the glass and the tissue sections in another row.
E. Hold the shde in the left hand at about a 5° angle from
the horizontal, and ease it into a bath containing 0.5 ml. of
albumen fixative per 1,000 ml. of water. The temperature
of the water bath should be about 8° C. below the melting
point of the paraffin used for embedding. As the rows of
sections become heated by the water, they stick together
where they overlap. They float off the shde as a unit, and as
they expand their wrinkles disappear. The rows soften and
expand very uniformly in spite of variation in their amount
of wrinkhng. With a little practice, one can judge how rapidly
to immerse the shde. If this is done too slowly, the paraffin
will stick to the slide.
F. After the sheet of sections has expanded, recover it by
placing the shde back in the water beneath the sections, at a
slightly greater angle than at first. It is not difficult to control
the speed at which sheets of sections are removed from the
water. Time can be saved by floating a second sheet of
sections onto the bath while the first one is expanding.
G. The upper drawing in figure 414, (r, shows the 5° angle
of floating off, illustrated in E. The lower drawing shows the
shghtly steeper angle of the shde when recovering the sheet
of sections, illustrated in F.
H. Drain the slide briefly, lay a wet filter paper over the
sections, and roll them lightly with a rubber roller. Gray
(1954) recommended a photographic print roher.
1. Drain the slide weU, stain, and mount it as usual.

Processing Calcified Tissues
Specimens of embryos or young birds that contain small
bones or are slightly calcified can usually be decalcified by an
acid fixative. Those that contain larger or more heavily

calcified bones can be decalcified after fixation by soaking in
Decal.i'^ The manufacturer recommends that tissues to be
decalcified should be fixed in 10 percent unbuffered formaldehyde ; we have found Bouin's fixative also to be satisfactory
in this situation. Immersion in Decal overnight decalcifies
most specimens, but prolonged soaking wiU not hurt even
soft tissues. After tissues have been decalcified they must be
washed in running tapwater for 3 hours to achieve good
results in staining. Décalcification does not inhibit hematoxyhn staining if tissues have been washed enough, but we
have sometimes found it desirable to use the stock solution
(standard Ehrliches hematoxylin) instead of a diluted
solution.
Petrunkevitch No. 1 (Petrunkevitch, 1933) is a good
decalcifying solution that also gives satisfactory fixation for
general tissue study. This solution is prepared as fohows:
Solution A :
Distilled water
Cupric nitrate
Nitric acid (concentrated)
Solution B :
Alcohol (80 percent)
Phenol crystals
Filter and add:
Ether

500 ml.
40 gm.
60 ml.
• • • • .500 ml.
20 gm.
30 ml.

Just before use, mix three parts of solution B with one part
of solution A. Change the solution every 24 hours or of tener
if it darkens, until the specimen is decalcified. After fixation
the tissue must be washed in liberal quantities of 70 percent
alcohol.
Most staining reactions after treatment with Petrunkevitch
No. 1 are highly satisfactory. Hematoxyhn and eosin as well
as stains for reticular tissue work weh. The orcein-aniline
blue-orange G technique for connective tissues (p. 650) shows
elastic fibers very clearly, but cohagenic fibers will be heavily
overstained by anihne blue unless the period of immersion in
Mallory's solution is reduced to 3^ to 1 minute. Petrunkevitch
No. 1 followed by Wright's stain and MacNeal's tetrachrome
stain is a combination of décalcifier, fixative, and stain that
gives excehent results with sections of bone. Nuclear elements
are sharply differentiated by this technique, but cytoplasm is
not as well stained.
Tissues that have been fixed in Kelly's fluid can be
decalcified in Petrunkevitch No. 1 and satisfactorily stained
thereafter.

Embedding and Sectioning Feathers
and Other Keratinized Structures
Feathers and other structures that are hardened by a high
proportion of keratin are difficult to section well. In such
17 Manufactured by the Omega Chemical Corp., New York, N.Y.,
and distributed by Scientific Products Division of American Hospital
Supply Corp., Evanston, 111.
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A. Serial sections cut at desired
thickness.

B. Ribbons placed in sequence on
a coarse paper.

C. Cutting ribbon strips with a
cold knife.

D. Arranging strips on slide with

E. Transferring section unit to

F. Recovering expanded unit.

overlapping rows.

G. Position of slides in operations
E. and F.

FIGURE

floating-out bath.

H. Rolling sections placed under
wet filter paper.

I. Mounted slide.

414.—Use of a floating-out bath for expanding and placing serial sections on a slide.

structures as the beak, spur, and claw, where bone is present
beneath a horny layer, at least the bone can be softened by
décalcification. Wetting agents and a weak solution of potassium hydroxide can soften feathers and make them easier
to section, but such treatments interfere with the staining
reactions.
We have used several fixatives including Helly's and
Petrunkevitch No. 1 for feathers that are growing and other
integumentary tissues. Bouin's fluid is the most adaptable,
and the yellow it imparts is an aid to orienting white feathers
when they are being embedded.

We have tried several techniques for embedding keratinous
tissues and have had our best results with double embedding
and with the use of high melting point paraffin. Celloidin is
time consuming to use, difficult to section at less than about
IS/i, and interferes with staining. The technique of double
embedding has been described by Brown (1948) and Humason
(1962: 85). We have found that the blocks need not be
sectioned immediately, as advised by Humason, but can be
kept for several days without deteriorating. Thinner sections
can be cut from doubly embedded blocks than from those in
celloidin alone.
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Embedding keratinous specimens in high melting point
paraffin is somewhat easier than double embedding, and gives
equally good results. The specimen is fixed, decalcified if
necessary, and washed. It is then infiltrated and embedded in
a mixture of two parts paraffin (65° to 70° C.) and one part
Fisher Tissuemat (56° to 58° C). With this medium it is
possible to cut sections as thin as Qß. The temperature of the
water bath should be raised to 57° to 62° C. Sectioning is

aided if the room is a little warmer than normal, i.e., about
27° C. (80° F.).
Sections of keratinized tissues tend to come loose from
slides during the staining process, especially when an
ammoniacal silver solution is used. In order to prevent this,
first render the shdes chemically clean and then rub them
with a thin film of egg albumen. Put the sections in place on
the shdes, blot them hghtly with damp filter paper, and leave
them for at least 48 hours before staining.

STAINING TISSUE SECTIONS
General Techniques
We have used five techniques for the study of general
histology, particularly in integumentary structures. The
May-Grünewald-Giemsa combination stain and the use of
Giemsa stain after Zenker fixation are especially good for
revealing cellular or nuclear details. They have been adapted
from techniques used for the differentiation of blood cells.
Hematoxylin and eosin
We routinely stain with Ehrhch's hematoxyhn and
counterstain with acidified eosin. To get a working solution of
hematoxylin, dilute one part of the stain with two parts of a
saturated solution of aluminum ammonium sulfate (ammonium alum) and four parts of distilled water. The stock solution
of the stain can be used directly if more intense coloring is
needed, particularly after décalcification.
Papamiltiades' (1953) hematoxylin, preceded and followed
by tapwater, produces a brighter staining than Ehrhch's, and
it keeps fresh for approximately 2 months.
Acidified alcohohc eosin is a more briUiant and selective
counterstain than the aqueous preparation. We use the
formula given by Humason (1962: 129, first eosin formula).
Toluidine blue
Toluidine blue gives a good metachromatic staining of the
various tissue elements. We follow the procedure described by
Irugalbandara (1960) except that the tissues are fixed in
Bouin's fluid, and the sections are mounted in a synthetic
resin (e.g., Fisher Permount,!^ Harleco HSR).
Luxolfast blue
Margolis and Pickett (1956) developed a technique in
which Luxol fast blue was combined with the periodic
acid-Schiiï reaction and Papamiltiades' hematoxylin. We
have apphed it to sections of avian skin and have had
excellent results. Myehn and nerve cells are very weh stained,
blood vessels are differentiated better than with other routine
techniques, and basement membranes are revealed.

18 Fisher Scientific Co.

May'Grünewald and Giemsa combination

May-Grünewald and Giemsa (M.G.G.) stains used together
demonstrate nuclear or cytoplasmic details (depending on
fixation) as well as general histology. Their use for the
differentiation of blood cells has been discussed by Lucas and
Jamroz (1961: 229-230). Both stains can be purchased as
prepared solutions and as such have given us satisfactory
results.
We have used Bouin's fluid, Helly's fixative or Petrunkevitch No. 2 fixative before M.G.G. With Helly's fixative,
cytoplasmic details are revealed and the nucleus is sharply
stained. With Petrunkevitch's fluid, details of the cytoplasm
are not well shown, but the chromatin in the nucleus is very
well stained. Petrunkevitch's fixative gives more brilliant
staining and is therefore preferred for photography as long as
cytoplasmic features are not of special interest. Tissues fixed
in Petrunkevitch No. 2 are much easier to section than those
fixed in Helly's fixative.
Solutions :
Dilute May-Grünewald stain :
May-Grünewald stock stain
Distilled water
Mix the two parts just before using.
Dilute Giemsa stain :
Giemsa stock stain
Distilled water

1 part
1 part

5.7to6.6ml.
40 ml.

Procedure for staining paraffin sections:
1.
2.
3.
4.
5.
6.
7.

Deparaffinize with xylene.
Methyl alcohol, two changes.
Stain in stock May-Grünewald solution for 7 minutes.
Stain in freshly diluted May-Grünewald solution for 4 minutes.
Drain and stain in diluted Giemsa solution for 20 minutes.
Differentiate briefly in 95 percent alcohol.
Dehydrate in 100 percent alcohol, clear in xylene, and mount.

Giemsa stain after Zenker fixation

The use of Zenker's fixative and Giemsa stain produces
sections that show cellular details as weh as general histological features. The technique, as we have modified it for use
with avian tissues, reveals both cytoplasmic and nuclear
structures. We have applied it to many integumentary tissues
including growing feathers.
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Solution :
Dilute Giemsa stain :
Giemsa stock stain
Distilled water

4.9 ml.
40 ml

Procedure for staining paraffin sections:
1. Deparaffinize in xylene, hydrate in graded series of alcohols.
2. Stain in diluted Giemsa for 20 minutes.
3. Differentiate briefly in 95 percent alcohol, dehydrate in two
changes of 100 percent alcohol.

4. Clear in xylene and mount.
Sections prepared by this method are brighter than those
done with hematoxylin and eosin and are therefore better for
photography.

Techniques for Connective Tissues
Orcein^ aniline blue^ orange G
Elastic fibers, collagen, and keratin can be demonstrated
clearly by a method developed by Margolena and Dolnick
(1951) involving orcein, anihne blue, and orange G. We have
followed their procedure except for a few modifications noted
below. Fixation is routinely in Bouin's or Zenker's fluids, but
other standard fixatives can probably be used. SHdes should
be given individual attention, hence bulk staining is not a
good practice.
The suggested period for staining in acid orcein is 13^^
hours; we have found that this can be reduced as the stain
ages. Orcein staining can be omitted if elastic fibers are not in
question. This reduces greatly the period when sections are
immersed and hence increases the chance that they will stay
in place. It is sometimes diSicult to keep sections of highly
keratinized tissues on a shde, even with an albumen adhesive.
Mallory's solution No. 2 stains keratin satisfactorily, but
we have found that it frequently overstains other tissues with
anihne blue if it is used for the suggested period of 1 to 2
minutes. Accordingly we shorten the period to J/^ to 1 minute,
particularly where decalcifying solution has been used. Even
with Zenker or Bouin fixation we have found it best to stain
regressively with Mallory's solution. A 1 percent aqueous
solution of acetic acid will remove excess anihne blue from
sections that have been overstained in this technique. The
action is slow; immersion for 5 to 40 minutes may be necessary
in order to achieve good color balance. The use of this
destaining solution comes from Humason and Lushbaugh's
(1960) technique for demonstrating elastin, reticulum, and
collagen.
For dehydrating after staining in Mallory's solution and
rinsing in water, Margolena and Dolnick suggested 95 percent
alcohol followed by absolute alcohol with orange G. We found
that this overstained our material with orange G. Accordingly,
we put the sUdes through pure absolute alcohol.
We have applied this technique to various integumentary
tissues including skin, beak, growing feathers, and the beard
of a turkey. The complete procedure gives the following
reactions, which differ in small degree from those reported by
Margolena and Dolnick:

Keratin
Elastic fibers
Collagen
Muscle fibers
Cytoplasm of unkeratinized
epidermal cells
Erythrocytes

Bright yellow to yellow-orange.
Dark red.
Blue.
Dull yellow to yellow-green to
blue-green.
Various shades of yellow to yellow-green.
Golden yellow.

Disadvantages of the technique are that it does not show
chromatin or cellular details sharply and that it tends to
produce variable color reactions in collagen, muscle, and
unkeratinized, epidermal cytoplasm.
Weigert^s iron hematoxylin^ Van Gieson^s picrofuchsin
Weigert's (1904) iron hematoxyhn, followed by Van
Gieson's (1889) picrofuchsin gives definite staining of collagen
and precise staining of nuclei. Directions for preparing the
hematoxyhn are given by McManus and Mo wry (1963: 244),
and those for Van Gieson's mixture as well as for a procedure
are given by Lilhe (1954: 346). The latter recommends
polystyrene for mounting, but we have had satisfactory
results with synthetic resin.
In sections that are well stained, nuclei are black, collagen
is bright red, and other tissue elements are yellow. Substituting Ehrhch's hematoxyhn for Weigert's gives a less sharp
nuclear stain, even if applied heavily.
Ammoniacal silver carbonate^ acid orcein^
aniline blue
The technique involving ammoniacal silver carbonate, gold
chloride toning, orcein in acid alcohol, phosphomolybdic acid,
and aniline blue clearly and selectively demonstrates elastic
fibers, reticular fibers, and collagen. It is essentially a
modified version by Humason and Lushbaugh (1960, 1961)
of a procedure by Lewis and Jones (1951). The authors
suggested that lipids first be extracted with pyridine, but we
have had equally good results with and without this step.
Humason and Lushbaugh also suggested that staining in
orcein might be carried out either at 37° C. for 15 minutes or
at room temperature for 1 hour. We had much better results
with our material by following the second procedure. Staining
in anihne blue solution should take 2 to 3 minutes, but should
be checked by examination with a microscope for best control.
We routinely stain in orange G after anihne blue because
this helps to differentiate smooth muscle (e.g., feather
muscles) and keratinized epidermis. Although this treatment
shghtly dulls the collagen, this is not a disadvantage because
the elastic fibers then show up better.
Sections stained by this technique, including orange G,
show collagen as blue; reticulum, black; elastic fibers, dark
red; smooth muscle, beige; striated muscle, gray-blue;
erythrocytes, hght orange to dark brown; and epithelium,
brownish gray to mauve except for keratinized tissue, which
is hght yeUow. The results of this technique are somewhat
similar to those achieved with Margolena and Dolnick's
method. The technique under discussion here, however,
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differentiates more conspicuously between dermis and
epidermis^ and it is more consistent in staining collagen and
muscle. On the other hand, it does not show as much detail or
differentiation in epidermis, and it is more complex to
perform.
Silver impregnation of reticulum
Reticular fibers in our specimens have been demonstrated
best by Gridley^s (1951) version of the silver impregnation
method. Because we have made a few small modifications of
her procedure, the full method will be given. We generally fix
tissues in Bouin^s ñuid before using this stain, but other
routine fixatives will serve.
Solutions :
0.5 percent aqueous periodic acid.
2 percent silver nitrate solution.
Ammoniacal silver nitrate solution is prepared as follows :
To 30 ml. of 5 percent silver nitrate add 30 drops of 10 percent
sodium hydroxide, drop by drop. To this solution add 28
percent ammonium hydroxide, drop by drop, until it is clear
except for a small amount of precipitate. Fresh ammonium
hydroxide is essential. Add distilled water to make volume up
to 90 ml.
Buffered formalin :
5 percent formalin
1 percent sodium carbonate

50 ml.
1 ml.

0.5 percent aqueous gold chloride.
5 percent sodium thiosulfate.
Procedure :

10.

11.
12.
13.
14.
15.
16.

Deparaffinize with two changes of xylene; hydrate in graded
series of alcohols to distilled water.
Oxidize in 0.5 percent aqueous periodic acid 15 minutes.
Rinse in distilled water.
Sensitize in 2 percent silver nitrate solution 30 minutes at
room temperature.
Wash in distilled water, three changes.
Impregnate in ammoniacal silver nitrate solution 15 minutes.
Rinse quickly in distilled water.
Reduce in buffered formalin 3 minutes.
Wash in distilled water, five changes.
Tone in 0.5 percent aqueous gold chloride 5 minutes
or longer, until yellow-brown changes to taupe and purple
tones. Check with the microscope.
Rinse in distilled water.
Fix in 5 percent sodium thiosulfate 3 to 5 minutes.
Wash in running tap water for about 5 minutes.
Rinse in distilled water.
Dehydrate in graded series of alcohols.
Clear in xylene and mount.

In carrying out Gridley^s technique, we used buffered
formalin as a reducer (as recommended by Humason and
Lushbaugh, 1960) in place of Gridley's 30 percent formahn
solution. Staining of our tissues is sharper and more satisfactory with buffered rather than unbuffered formalin.
This technique colors reticular fibers black against a
background of rose or lavender. It can be combined with
hematoxylin and eosin stains for better definition of cellular
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details^ but the darkened background that results tends to
conceal very small reticular fibers.
Mucicarmine^ hematoxylin^ aniline blue
The technique involving mucicarmine, hematoxylin, and
aniline blue demonstrates mucin and the connective tissues
as found in the comb and wattles. It is basically Mayer's
(1896) mucicarmine method (see Gurr, 1956: 166, 423) to
which we have added hematoxylin and aniline blue.
Solutions :
Mucicarmine:
Carmine
2.0 gm.
Aluminum chloride
1.0 gm.
Grind and mix the chemicals together in a mortar. Put the
mixture in a flask with 200 ml. of 50 percent alcohol, and boil
for about 4 minutes on a water bath, shaking the flask at
intervals. Cool in running water and filter when cold.
Ehrlich's hematoxylin.
Aniline blue :
Aniline blue
Phosphomolybdic acid 1.0 percent

.......0.5 gm,
100 ml.

This is the concentration of aniline blue used by Mallory, and
described by Margolena and Dolnick (1951: 121) as follows:
Procedure :
1. Deparaffinize and hydrate sections in 100 percent and graded
alcohols.
2. Stain in Ehrhch's hematoxylin 15 minutes.
3. Blue mth tap water and rinse with distilled water.
4. Stain with mucicarmine stock solution 10 minutes. Stock solution diluted with 10 volumes of 70 percent alcohol (suggested
by Gurr, 1956: 166) gave us too pale a stain.
5. Rinse with distilled water.
6. Stain in anihne blue solution 30 seconds.
7. Rinse in distilled water.
8. Differentiate in 95 percent alcohol.
9. Dehydrate in 100 percent alcohol, clear in xylene, and mount.

Sections that are well stained show mucin in red or
magenta, collagen and epidermis in mauve to blue, and nuclei
in blue-violet.

Techniques for Fat
Oil red O
Oil red 0 is a fat stain that demonstrates the presence
of lipoid sebaceous secretions in the uropygial gland and the
epidermis of the body skin and integumentary derivatives
(p. 627). The technique we have used is a modification of that
given in the manual of staining techniques prepared by the
Armed Forces Institute of Pathology (1960: 124).
Tissue to be sectioned is fixed in 10 percent buffered
formalin, rinsed in distilled water, and sectioned at 10 to I5ß
on a freezing microtome. The sections are carried through the
staining solutions by means of a platform of stainless steel
wire cloth (p. 645) cut just large enough to fit exactly into a
Stender low-form dish. The platform must be blotted on a
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cheesecloth pad between each solution to prevent excess
carryover of solutions. In this way sections are not lost
around the edges as the platform is raised and lowered. Also,
many sections can be stained at one time, insuring several
good sections when completed.

Solutions :—Continued
Alcoholic hematoxylin (1 or 0.5 percent) :
Hematoxylin
,
Ethyl alcohol, 95 percent
, .,
Age at least 3 months before using.
For use dilute as follows:
Staining
solution

Solutions :
Oil red O stain:
Oil red 0
70 percent ethyl alcohol
Acetone

,

Harris' hematoxylin.
0.5 N hydrochloric acid.
Ammonia water.
Glycerin jelly:
Gelatin
Distilled water
Heat until gelatin is dissolved, then add:
Glycerin
Phenol

3.0gm.
150 ml.
150 ml.

10.
11.
12.
13.
14.

Alcoholic
hematoxylin

Distilled
water

10 ml.
5 ml

90 ml.
95 ml.

2 percent aqueous iron ammonium alum.
Procedure :

10 gm.
60 ml.
70 ml.
1 ml.

Procedure :
1.
2.
3.
4.
5.
6.
7.
8.
9.

1 percent. .
0.5 percent.

. 10 gm.
. 100 ml.

Collect sections in distilled water.
Immerse in 70 percent ethyl alcohol 5 to 10 seconds.
Stain in Oil red O solution 3 minutes.^
Rinse quickly in 70 percent alcohol.
Wash in distilled water.
Counterstain in Harris' hematoxylin 10 minutes.
Wash in tapwater until sections are dark blue, about 5 minutes.
Differentiate very quickly in 0.5 N hydrochloric acid.
Rinse in tapwater until sections again become blue, about 5
minutes.
Blue in ammonia water 2 minutes.
Place sections in distilled water in a glass staining dish, removing the staining platform.
Float sections onto clean slides, using a dissecting needle.
Allow sections to dry onto slides, then place in distilled water
to réhydrate for 30 minutes.
Mount with warm glycerine jelly.

1 Fat stains brilliant red and nuclei stain blue, whereas other cellular
elements are colorless.

Techniques for Striated Muscle
Heidenhain^s iron hematoxylin

Heidenhain's iron hematoxylin is a stain that demonstrates
the cross striations of skeletal muscles as well as chromatin,
nuclei, secretory granules, and mitochondria if preserved.
McManus and Mowry (1963: 91) pointed out that the stain
is not specific for any structure but shows dense protein in
any situation in tissues. The technique as devised by
Heidenhain (1892) and variations of it can be found in most
standard reference books on histological methods. Nevertheless, we will give the technique with the modifications that we
followed. The tissues can be fixed in any general fixative, but
it is best to use one that contains mercuric chloride (e.g.,
Zenker's or Helly's fluids).
Solutions:
4 percent aqueous iron ammonium alum (ferric ammonium sulfate).
Use only clean violet crystals for making the solution.

1. Deparaffinize sections in xylene, hydrate in 100 percent and 80
percent alcohols, leave in distilled water for 3 minutes.
2. Mordant in 4 percent aqueous iron ammonium alum 6 hours.
3. Wash in running tapwater 10 minutes. Rinse in distilled water.
4. Stain in alcoholic hematoxylin staining solution, either 1 percent for 12 hours or 0.5 percent for 24 hours.
5. Wash in running tapwater 10 minutes. This step can be omitted
if it is found that the iron hematoxylin is coloring the cytoplasm gray. Going directly from the stain to distilled water
generally leaves the cytoplasm unstained.
6. Rinse several times in distilled water.
7. Destain in 2 percent aqueous iron ammonium alum. Dip slide
into alum and then in distilled water to stop destaining. Examine with the microscope after slide has been in water, not after
alum solution.
8. Wash in running tapwater 30 minutes.
9. Counterstain if desired.
10. Pass through distilled water, and dehydrate in graded alcohols
to 100 percent ; clear in xylene and mount.

Muscle striations stain blue-gray, whereas chromatin,
nuclei, secretory granules, and mitochondria are black.
Striations of skeletal muscle also show up with Ungewitter's
urea silver nitrate method, which is discussed in the following
section.

Techniques for Nerves
Urea^ silver nitrate
The method by Ungewitter (1951), involving urea and
silver nitrate, reveals nerve fibers and nerve endings in
paraffin sections of tissues. We used it for studying the
innervation of the integument, particularly in feather follicles
and their muscles. Urea accelerates the procedure and
improves the specificity of the silver nitrate stain.
We sometimes use the enzyme hyaluronidase as a ^'spreading factor" before fixation, as recommended by Weddell and
Pallie (1954). The h3^aluronidase allows fluids to penetrate
tissues rapidly and evenly and renders them relatively more
homogeneous in their response to various reagents. As a
result, the nerves and other tissue elements are stained more
uniformly and consistently, and they are relatively free from
artifacts. To use, dilute 1 mg. of hyaluronidase in 5 ml. of
avian physiological saline solution. Inject this solution
subcutaneously into the area of skin to be studied on a live
bird. After 20 minutes, kill the bird, remove the skin, and
fix it.

PREPARATION AND STAINING OF WHOLE PIECES OF SKIN
We have used Bouin's fixative routinely for this technique,
although Ungewitter suggested several other fixatives as well.
Neither alcohoHc Bouin's nor Petrunkevitch No. 2 fixatives
gave satisfactory results with our specimens. Prolonged
fixation in aqueous Bouin's (at least 48 hours) appeared to
enhance the staining.
The method can be carried out as described by Ungewitter,
but hke other methods for staining nerves it must be performed with care. The chemicals of the reducing solution
must be mixed in the order given, as Ungewitter advised. The
urea must be fresh and pure, or the stain will be pale. We use
urea in a quantity of at least 30 grams per 100 ml. of deionized
(in place of distilled) water in both the silver nitrate staining
solution and the reducer. It also helps to leave the sections in
the stain at about 58° C. for 90 to 105 minutes, a little longer
than the time suggested by Ungewitter. We find it best to
carry out the whole procedure with just a few slides at a time.
Sections that are well stained show nerve fibers dark brown
to black and the bodies of nerve cells yellow to brown. On the
rare occasions we have succeeded in staining simple nerve
endings, they are black. Background staining varies from
beige to golden brown. Longitudinal sections of skeletal
muscle show the striations clearly as dark brown.
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Treatment with hyaluronidase often appears to make the
nerve fibers stain more intensely and selectively, a benefit
chiefly to the smaller fibers. Muscle striations show up equally
well with or without this treatment.
Bouin's fixative appears to have a mordanting effect. In a
comparative test, we found that nerves stained much better
in specimens that had been fixed for 48 hours than in those
fixed for 24 hours.
Chloral hydrate^ silver
Another technique for showing nerve fibers in the skin
involves chloral hydrate and silver. This technique seems
slightly more rehable than Ungewitter's method. We precede
it with the hyaluronidase treatment (Weddell and PaUie,
1954) described in conjunction with Ungewitter's method.
The technique was devised by Nonidez (1939) and can be
found in reference books on histological technique (e.g., LilHe,
1954: 414; Humason, 1962: 205). We have not found any
need to gold tone or counterstain after it.
Well-stained sections resemble those produced with
Ungewitter's method—black nerve fibers against a golden
brown to reddish brown background. Even fine nerve fibers
are sharply and intensely colored.

PREPARATION AND STAINING OF WHOLE PIECES OF SKIN
Tissue sections and whole mount preparations complement
each other for a study of avian skin. The sections reveal
cytological and histological details, and they are essential for
working out the layers of the integument. Whole mounts
show the arrangement of feather muscles between foUicles
and the relationships among feather muscles, elastic fibers,
nerves, and blood vessels. They are particularly effective for
comparing these situations in skin from various parts of the
body.
Whole mounts have been Httle used in the past for studying
avian integument. Feather muscles themselves have had
scant attention. We therefore have had to experiment a good
deal in order to prepare satisfactory whole mounts. The
techniques described in this section are the result of many
trials. As stains for feather muscles we tried picrocarmine,
Masson's quadruple stain, and several techniques with borax
carmine before coming to picric acid and hematoxylin,
which proved to be the best.
Techniques for Muscular and Elastic Tissues
Mounting the skin sample
Pieces of avian skin must be supported and immobihzed
while fresh so that they cannot shrink or wrinkle when they
are fixed. The support is also a convenience for holding the
specimen while it is being dissected. We have already described the use of stainless steel wire cloth for supporting
skin specimens (p. 645). Another method, which we have
used only for whole mounts, is described here.

Samples of skin up to about 60 mm. in diameter can be
mounted on a pair of rings in the same manner as cloth on
embroidery hoops (fig. 415, A). The rings must be stiff enough
to furnish good support and resistant to the fixative and
staining solutions. We have found these properties in rings
cut from fiber tubing^^ used for electrical insulation. Four
sizes of tube ranging from 13 to 38 mm. in inside diameter
and 3 mm. in wall thickness have met our needs, but many
other sizes are available. Cut the rings at a height of 6 to 10
mm., and smooth the cut surfaces with sandpaper.
Clip the feathers close to the skin over an area about twice
as large in diameter as that which is actually to be studied.
Cut off the skin and spread it out on a ring; the outer surface
can face either upward or downward depending on the desired
view of the feather muscles (ñg. 415, B). Take another ring
that is a httle larger than the first, and press it down over the
skin patch and the inner ring (fig. 415, C, D, and E). It
should fit snugly and hold the skin firmly in place. The
amount of clearance between the rings depends on the thickness of the skin sample and normally ranges from 1 to 3 mm.
A tag of waterproof parchment paper bearing necessary
data for identification and orientation can be attached to a
specimen by white cotton string between the rings. Lettering
in india ink can be prevented from running or smudging by
the following treatment, suggested by Spencer (1948):

13 Tubing manufactured by the Allied Rubber and Mica Co,, 3835
West 150th Street, Cleveland, Ohio 44111.
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Skin '
Fiber rings
FIGURE

415.—Method of mounting a patch of skin on rings of fiber tubing.

A, relative sizes of rings and clearance between them.
B, skin is laid over smaller ring.
C, a tag of waterproof paper is placed at the edge and a larger ring is
laid on top.

D, rings are pushed together.
E, view of mounted specimen. (After sketches by Casimir Jamroz.)

1. Allow label to dry only until the ink no longer glistens.
2. Dip label for a moment into a jar of 5 or 10 percent
acetic acid.
3. Drain for a second against blotting paper. The label
can then be immersed immediately in the fixative, for
the acid apparently sets the ink.

The feather muscles in Bouin-fixed specimens may lose
much of their yellow after prolonged storage. To restain them,
immerse the specimen in Bouin's fixative for 1 to 2 hours, and
repeat the operations in step 5 for brief periods.

Fixation
Bouin's and Zenker's fixatives both work effectively on
large pieces of avian skin. Specimens that are well fixed in
Bouin's fluid become bright yellow owing to the picric acid.
When such a piece of skin is washed, color is retained in the
feather muscles more than in the rest of the skin. The muscles
are stained strongly enough that the pattern of their arrangement can be seen in most areas.
Procedure:
1. Remove the feathers from the area of skin that is to be studied,
either by plucking a bird while it is anesthetized or by clipping
after the bird is dead.
2. Either cut off the piece of skin desired, leaving as much fat as
possible. Sew it to a piece of stainless steel wire cloth, separated
from the cloth by a pierced sheet of waterproof paper.
Or leave the skin on the part of the body that is of interest until
after it has been fixed, then remove it. This is the preferred
procedure for preparing the skin on the wings.
3. Immerse in fixative at least overnight. This period is sufficient
for specimens as thin as skin from a quail, pigeon, or young
chicken. Such thicker specimens as the skin of a duck or turkey,
a piece of a chicken with skin intact, or a whole quail should be
fixed for 72 hours. The volume of fluid should be at least 10
times that of the specimen, and the fluid should be changed two
or three times during fixation. To ensure thorough fixation of
thick specimens, it is well also to inject the fluid into the tissuesor to return the skin to the fluid after it has been removed from
the flesh.
4. Remove the skin from the wire cloth or from the body.
5. If Bouin's fixative has been used, wash the specimen until
excess fluid has been removed, a period of 4 to 24 hours. Immerse in 50 percent alcohol for 2 to 3 hours, making one or two
changes. Immerse in 70 percent alcohol—as many changes as
necessary until very little more color is removed. The specimen
can be stored in 70 percent alcohol.

Ehrlich's hematoxylin
The technique involving Ehrlich's hematoxylin demonstrates the feather muscles more clearly than staining with
Bouin's fluid. It is valuable where the muscles are delicate or
complex, or where their arrangement around a follicle is to be
examined closely. Our procedure is a modified version of one
learned from Cairns.^"
Solutions:
1 percent potassium permanganate.
OxaUc acid, saturated aqueous solution.
Ehrlich's hematoxylin, dilute solution:
Ehrlich's hematoxylin stock'
Ammonium alum, saturated aqueous
Distilled water

1 ml.
36 ml.
72 ml.

' The amount of hematoxyUn stock can be increased to 8 ml. if a
stronger solution is desired (see procedure).
Procedure:
1. Prepare a specimen of skin as described under "Fixation,"
ending in 70 percent alcohol.
2. 95 percent and 100 percent alcohol, two changes of each; 30
minutes per change except for 60 minutes in final alcohol.
3. Clear in xylene. This takes 1 to several hours, even overnight
for a thick skin (e.g., from a duck).
4. 100 percent alcohol, two changes, 95 percent and 70 percent
alcohol, 30 minutes each.
5. Wash in running water 30 minutes.
6. Bleach (oxidize) in 1 percent potassium permanganate 5 to
10 minutes.
7. Reduce in saturated aqueous solut'on of oxalic acid, with one
or two changes. Continue unti. color has been removed, about
30 to 40 minutes.
8. Wash in running water several hours. May be washed overnight.
^John M. Cairns, personal communication. Department of
Pathology, RosweU Park Memorial Institute, Buffalo, N.Y. 1958.
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9. Wash in distilled water 15 minutes. Blot with paper towels.
10. Stain in dilute Ehrliches hematoxylin 2 to 12 hours. The time
varies according to the thickness of the specimen. Thick skin
(as from turkey and duck) is best stained in the solution as
prescribed for a long time. Thin skin (as from chicken, pigeon,
and quail) is best stained in a stronger solution (i.e.j 8 ml.
hematoxylin per 72 ml. water) for a short time. Check the
staining by examining the specimen against the light with a
magnifier or dissection microscope. The feather muscles should
appear well defined.
11. Wash in running water several hours or overnight. The specimen
should be medium purple. If it is too pale, return it to the hematoxylin solution for more time and repeat washing. If it is too
dark, repeat procedure starting at step 6.
12. Clear in xylene if desired, after dehydrating in series of alcohols.
13. Store in 70 percent alcohol or, if cleared, in a clearing agent.

The feather muscles should be dark blue or purple^ and the
skin itself should be translucent purple when viewed against
a light.
Orcein
Orcein is used for whole mounts of avian skin to demonstrate the elastic tendons of the feather muscles and the
apterial muscles and elastic lamina beneath the dermis.
We developed it from the use of orcein by Margolena and
Dolnick (1951) in their procedure for staining elastic tissue,
collagen, and keratin in tissue sections.
Solutions:

Elastic tissues are deep red, muscles are rose, and other
tissues should be colorless. The muscles are not as well stained
as they are with the hematoxyhn method, but their relationships to the elastic tendons and the folhcles can be seen.
Fixation in Bouin's for at least 48 hours enhances staining
of the muscles, for the picric acid appears to act as a mordant.
The work of dissecting away the epidermis is time consuming
but worthwile because the stained tissues can then be seen
so much more clearly than otherwise. It is easier to do this
before the staining procedure than afterward, when the skin
has been toughened by xylene.
Resorciri'-fuchsin^ chromotrope 2R
The technique involving resorcin-fuchsin and chromotrope
2R demonstrates both elastic and muscular tissues in whole
mounts of avian skin. We got the idea of using resorcinfuchsin and chromotrope 2R from Petry (1951), but we
worked out the procedure ourselves. Resorcin-fuchsin need
no longer be prepared in the laboratory because it is available
commercially. 2^
Solutions :
Acidified resorcin-fuchsin :
Resorcin-fuchsin
70 percent alcohol
Hydrochloric acid, concentrated

0.2 gm.
200 ml.
l ml.

This solution should usually be freshly made before using because
it keeps for only 2 or 3 days.
1 percent phosphomolybdic acid.
1 percent chromotrope 2R in 100 percent alcohol.

1 percent potassium permanganate.
Oxalic acid, saturated aqueous solution.
Acid orcein :
Orcein stain
Hydrochloric acid, concentrated.
70 percent alcohol
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0.5 gm.
3 ml.
500 ml.

Procedure :
1. Prepare a specimen of skin as described under 'Tixation,"
ending in 70 percent alcohol. If the skin is even moderately
thick (i.e., from body tracts of adult chicken), dissect away the
epidermis. This will render the elastic tissues and muscles more
clearly visible after they have been stained.
2. 95 percent and 100 percent alcohol, two changes of each, 30
minutes per change except for 60 minutes in final alcohol.
3. Clear in xylene. This takes 1 to several hours.
4. 100 percent alcohol, two changes, 95 percent and 70 percent
alcohol, 30 minutes each.
5. Wash in running water 30 minutes.
6. Bleach (oxidize) in 1 percent potassium permanganate 5 to
10 minutes.
7. Reduce in saturated aqueous solution of oxalic acid with one
or two changes. Continue until color has been removed, about
30 to 40 minutes.
8. Rinse in distilled water 20 minutes.
9. 50 percent and 70 percent alcohol, 15 minutes each.
10. Stain in acid orcein solution 30 minutes. Add another 500 ml.
of 70 percent alcohol and 3 ml. of hydrochloric acid and leave
overnight.
11. Differentiate in 70 percent alcohol until elastic fibers are deep
red. Change alcohol as necessary.
12. 100 percent alcohol, two changes 15 minutes each.
13. Clear in xylene if desired.
14. Store in 70 percent alcohol or, if cleared, in a clearing agent.

Procedure:
1. Prepare a specimen of skin as described under 'Tixation,"
ending in 70 percent alcohol. Dissect off the epidermis if the
skin is even moderately thick.
2. Stain in acidified resorcin-fuchsin 2 to 8 hours. Examine periodically with a magnifier or dissection microscope to check the
progress of the staining.
3. Rinse in 70 percent alcohol. Leave in alcohol if destraining is
necessary.
4. Rinse in distilled water.
5. Mordant in 1 percent phosphomolybdic acid 5 to 10 minutes.
6. Rinse in distilled water.
7. Dehydrate in graded alcohols to 100 percent (two changes)
5 to 10 minutes each.
8. Stain in chromotrope 2R solution 1 to 2 minutes.
9. Hydrate in 70 percent and 50 percent alcohols 5 to 10 minutes
each.
10. Rinse in distilled water until excess stain, if any, has been removed.
11. Dehydrate in graded alcohols to 100 percent (two changes)
5 minutes each.
12. Clear in xylene.
13. Mount or store in clearing agent.

Elastic tendons stain violet and muscles stain red against
a clear yellow or brown background.
21 Matheson, Coleman & Bell, Division of The Matheson Co., Inc.,
2909 Highland Ave., Norwood (Cincinnati), Ohio 45212.
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Techniques for Nerves

Early in our study of the innervation of avian skin, we
demonstrated the nerves in pieces of skin by silver impregnation in the presence of an electric current, following a method
described by Chertkova (1960). Our results were never satisfactory in spite of much experimentation.
Phenylhydrasine'leucqfuchsin
We have gotten excellent results in specimens prepared
with the phenylhydrazine-leucofuchsin technique of Tetzlaff
et al. (1965). The phenylhydrazine blocks the staining of
elastic tissue, a strong Schiff solution stains the nerves
darkly, sulfuric acid treatment delaj^s diffuse recoloring of
connective tissues, and methyl benzoate is used as a rapid
clearing agent that does not give a color reaction with the
stained tissue.
The outcome of this technique is that
The nerves and nerve fibers stain dark pinkish-purple, the muscles Hght purple; other tissue components are unstained. Although
muscles stain a similar hue to that of the nerves, each is readily
distinguishable from the other. The nerve trunks can be traced with
ease, as can individual fibers until they enter the feather muscles.
Histological examination of the stained nerves revealed that the
axis cylinder and neurilemma are stained while the myelin sheath
remains clear, Avian lamellar corpuscles are observable but palely
stained, yeb the outer capsule, inner bulb and axis cylinder can be
distinguished (Tetzlaff et al., 1965: 314).

To show nerves and blood vessels in the same specimen,
this technique can be carried out on pieces of skin whose
vessels have previously been perfused with india ink
(p. 658). Whole mounts prepared in this way are very fine.
Unfortunately, the preparations are not permanent.
The nerves do not fade, but the connective tissues of the
dermis eventually become colored after 2 to 3 weeks in
methyl benzoate or 2 months mounted in balsam. Einger^^
reported that preparations can be preserved best by embedding them in plastic, although even these may discolor in
time.
Care and use of prepared specimens
Skin specimens can be treated in various ways after
they have been stained, according to how they are to be
used. For our work we have had to examine specimens under
a microscope and then to photograph or draw them. We have
been very little concerned with the preparation of specimens
for display and teaching.
Storage
Skin specimens that are to be examined or illustrated
should be kept in such a way that they can be dissected or
looked at from various directions. Sealing in Mylar pouches
22 Robert K. Ringer, personal communication, 1966.

is not practical in our experience. We have found it best
simply to store the specimens in screwcap jars or snap-top
polyethylene cannisters and basins of the sort made for home
kitchen use.
The specimens must be kept moist or immersed in a suitable fluid. If they have been cleared, they must be stored in
a fluid that does not contain any water, such as an oil. We
have used oil of cedarwood, although it is expensive, because
its odor is not irritating. Other liquids might be just as good.
Pieces of skin that have not been cleared can be stored in
70 percent alcohol.
Examination
Stained skin preparations can be seen to best advantage
when hghted from below. A hght box (such as an X-ray
viewer) on which specimens can be laid is a great aid to
examination during the course of staining as well as afterward, A brighter light under a smaller area is preferred,
however, when specimens are examined under a dissection
microscope, especially if they are dark. We have had made
for us a four-legged wooden platform, 16 inches long, 12
inches wide, and 6 inches high with a 6-inch square glass
window in the middle. A laboratory work lamp with a 60watt blue bulb is placed underneath, and a large glass finger
bowl containing the specimen is set on top. This setup has
proved to be convenient for examining, drawing, or photographing the preparations. For dissection, however, it is best
to illuminate the specimen from above with a spotlight, in
which case the platform is not needed.
The job of holding a piece of skin while dissecting it can
be made easier by mounting the specimen on rings (p. 653)
or fastening it to wire cloth (p. 645). Fastening can safely be
done with suture chps because there is no danger of distorting
the specimen or corroding the clips. A device can usually be
improvised for holding the rings or wire cloth in a desired
position, so that both hands are free to dissect.
Mounting
Stained patches of avian skin should be mounted if they are
to be used repeatedly for display or teaching. Preparations
of this kind have limited value for research because they
cannot be dissected or examined from various directions.
We have tried three methods of mounting the specimens—
affixing them to microscope slides, sandwiching them between
plastic sheets, and embedding them in plastic. The slides have
been fairly satisfactory, but the other methods have not.
Patches of skin can be mounted on 2- by 3-inch microscope
slides either with or without mounting frames according to
their thickness. A specimen no thicker than about 1 mm. can
simply be placed on a slide in a large drop of very viscous
s3Tithetic resin mounting medium. Press the skin to drive out
any air bubbles trapped underneath. Add more mounting
medium and then a large cover slip.
Before mounting a specimen thicker than about 1 mm.,
a circular or rectangular mounting frame must be affixed
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to the slide. Plastic slide cell mounts (p. 644) or a single thin
fiber ring (fig. 415) will serve. Cement the frame in place and
partly fill it with viscous synthetic mounting medium. Lay
the skin patch in place, press out any air bubbles, and add
more medium up to the top of the frame. Keep the specimen
submerged with a pair of simple clamps improvised from
paper cHps. These can be removed after a few days, and the
holes in the semihard medium can be filled with fresh medium.
As the resin hardens, it shrinks, causing the surface to become
concave; more medium must be added from time to time
until the surface is eventually dry and flat. This procedure
takes several weeks. We have tried using a cover slip on
these preparations and have found it to be of no advantage.
The finished sHdes should be stored horizontally with the
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mounts uppermost so that the medium does not tend to
flow out.
Mounting large pieces of skin in hquid between sheets of
Plexiglas offers promise, although we have been unable to
eliminate all air bubbles from the liquid or to prevent the
plastic sides from bulging and cracking. With experimentation it should be possible to overcome these problems.
Detailed instructions for constructing specimen containers
with this plastic are given by Tompsett (1956: 49).
Embedding in plastic may also be a satisfactory way of
mounting; however, the principal problem is that of drying
the stained skin thoroughly without allowing it to wrinkle or
discolor. If the slightest amount of moisture remains, cloudy
spots will appear and grow inside the plastic block after a
few days.
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We have tried several techniques of staining or injection
for tracing the blood vessels of integumentary and internal
structures. The use of a radiopaque medium for injection
has already been discussed in conjunction with X-ray
techniques (p. 640). The benzidine staining method (Knox,
1954) can be used with pieces of skin, but as it only shows the
larger vessels we have given it up in favor of the ink perfusion
technique described on page 659. Of the injection casting
media we have tried, latex has given much better results
than carmine gelatin-rice starch or vinylite copolymer resin.
The combined use of gelatin and starch as described by
Scharrer (1940: 176) does have the merits of penetrating tiny
capillaries and of distinguishing between the arterial and
venous systems in the same material.

Injection Casting with Latex
Latex injection medium is an aqueous solution of rubber
that remains fluid while alkahne but hardens into an elastic,
rubbery mass when it becomes even slightly acid. The
medium is commercially available^^ in red, yellow, and
blue and thus can be used to distinguish arteries from veins.
The two sets of vessels must be injected separately even if a
single color is used because the medium is too thick to pass
through capillaries After latex has been injected, it is hardened. The cast can then be exposed either by dissection
or by macerating the body in acid. The toughness and
elasticity of the rubber help to keep small vessels from
breaking when the cast is dissected or handled.
Customarily, an entire bird is injected, but we have found
that by injecting large parts instead, the cast in each part is
more likely to be complete, and the process is quicker.
23 Cementex Co., Inc., 336 Canal Street, New York, N.Y. 10013.
Catalog No. N19S.
Turtox Products. Catalog No. 310A91.
Wards Natural Science Establishment, 3000 Ridge Road, Rochester,
N.Y. 14626.

If desired, findings from various partial specimens can be
combined to show the whole vascular system.
Over the years we have simplified the devices we use for
injecting so that we now employ hypodermic syringes of
12cc. capacity. Disposable plastic syringes are preferred
to glass because a laboratory can afford to discard them if
they become clogged with hardened latex. Each of the two
syringes usually used bears a three-way stopcock^^ on its tip.
The side arm of the stopcock leads into translucent latex
rubber tubing (^-inch inside diameter, 3^^2-in.ch wall thickness, 1 to 2 feet long). The in-line arm of the stopcock is
fitted with an adapter for fine polyethylene tubing, which in
turn leads to the tubing itself.^^ The tubing can be inserted
directly into a blood vessel or fitted with a cannula. For the
latter we use a hypodermic needle from which the fitting
has been removed. Therefore, the tubing must either fit
snugly inside a vessel or sHp over the end of the cannula.
Latex injection medium must be kept free of coagulated
lumps. We find it best to store the medium in widemouthed
pint jars filled as much as possible and to strain it shortly
before use.
A bird to be injected should have a minimum of fat;
for working with chickens we prefer males less than 1 year
old. Fat hides the blood vessels, making it diffiult to follow
the course of the injection and to trace the vessels afterward.
It adds to the mess of the operation, and it coagulates in the
acid macerating bath.
It is essential to prepare the bird before it is killed so as to
dilate the blood vessels and to lessen the chance that any
clots of blood or latex will form. Once the injection process
has begun, it should be carried out quickly so that latex will

24 Becton, Dickinson & Co., Rutherford, NJ. Catalog No. MS08.
25 Clay-Adams, Inc., 141 East 25th Street, New York, N.Y. 10010.
Plastic Tubing to Female Luer Slip Adapter, Catalog No. A-1025.
Intramedic tubing is available in various sizes. The adapter is made
in four sizes and should be chosen to fit the tubing used.
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penetrate the vessels before they collapse. As long as the
latex has first been alkalinized, it will not normally coagulate
in the vessels until this is desired. Good suggestions for carrying out a latex injection are given by Tompsett (1956: 22).

9.

Solutions:
Avian physiological saline :
Sodium chloride
Distilled water
Heparin:

10.
7.5 gm.
1,000 ml.

Heparin sodium powder
..0,1 gm.
Avian physiological saline
100 ml.
Ammonium hydroxide, 28 to 30 percent, dilute with equal quantity of water.
Latex, red and blue, dilute :
Prepare the colored injection media separately. For each medium, put 50 ml. of tapwater in a large beaker. Fasten three layers
of cheesecloth over the beaker with a rubberband, and moisten
the cloth with two drops of ammonium hydroxide. Pour 50 ml.
of latex through the cloth, and stir the mixture. In this way the
latex is filtered, alkalinized, and diluted to 50 percent.
Acetic acid, 25 percent aqueous.
Embalming fluid acidified to about pH 6.

11.
12.
13.
14.

15.

Procedure:
1. Anesthetize a bird with Equi-Thesin (0.8 cc. per kg.) injected
into the basilic vein.
2. Pluck the feathers over a large part of the body around the area
of special interest. (For a study of the vascular pattern in the
skin and muscles of the thigh and leg, pluck the rear half of
the body as well as the legs.)
3. Warm the bird in order to cause dilation of the blood vessels.
Wrap it in towels and place it under an infrared heat lamp,
no closer than 6 inches. Leave the bird for 30 to 45 minutes.
4. Inject heparin solution (2 cc. per kg.) and 1 cc. of diluted ammonium hydroxide. These chemicals inhibit clotting of the blood
and coagulation of latex, respectively.
5. Kill the bird with an overdose of anesthetic about 5 minutes
after the preceding injection.
6. Without delay, cut the bird apart with a band saw. The location of the cut depends on the part of the body to be injected
and the arrangement of major vessels. It can only be determined by experience. (To obtain the posterior half of the body,
it is best to cut obhquely through the anterior end of the ischium and a point on the keel about one-third the distance from the
anterior to the posterior end. This leaves the aorta protruding
about 1/8 inch from the posterior half of the bird.)
7. Take a syringe fitted with a stopcock, side tube, and fine polyethylene tubing that will fit the aorta (we use Intramedic
PE320 for chickens), as described previously. Insert the tubing
into the aorta and hold it in place with the fingers. A ligature
can be used if desired but should not be necessary. Put the intake of the side tube in a beaker of avian saline solution. Flush
the blood vessels with this fluid until it emerges without color.
(For the posterior half of a chicken about 120 cc. will be needed.)
Be careful not to inject air bubbles, either at this time or when
injecting latex, as they will cause gaps in the cast. Therefore
keep the intake of the side tube submerged, and if any bubbles
do enter the syringe, either keep them there or void them.
8. Expose a major vein, removing any unnecessary parts that
may be in the way. (For the posterior half of the body, expose

16.

the external iliac vein where it leaves the body cavity by cutting
the ribs, lifting off the sternum, and pushing aside the viscera.)
Take a yringe fitted with stopcock, side tube, and fine polyethylene tubing. Add a hypodermic needle as a cannula, choosing
its size in reference to the vein that is to be injected. Insert the
cannula into the vein; it should stay in place without being tied
or held. Put the intake of the side tube in a beaker of diluted,
alkalinized blue latex.
Inject blue latex into the veins, applying pressure in slow pulses
rather than steadily. Continue until the skin turns faintly blue
or the vessels appear to be about to burst. We have found that
by injecting the veins first they are less likely to burst than if
the arteries are done first.
Clamp off the major vein with a hemostat and remove the
tubing.
Inject diluted, alkahnized red latex into the arteries, using the
syringe and tubing referred to in step 7. Apply pressure in pulses.
When the injection appears to be complete, clamp off the aorta
with a hemostat, and remove the tubing.
Inject the exposed viscera and muscle masses with 25 percent
acetic acid in several places, using a hypodermic syringe and
needle. This causes the latex to coagulate. Be sure to acidify
the aorta and major vein near the sites of injection so that the
latex does not run out. The hemostats can be removed safely
in about 15 minutes.
If the injected vessels are to be exposed by dissection, fix the
specimen in a sHghtly acid embalming fluid. Inject the fluid
copiously with a syringe and needle, and immerse the specimen
in a basin containing more fluid. For best results, change the
fluid after 24 hours. The specimen should be ready for use in
3 or 4 days.
If the injected vessels are to be exposed by maceration, immerse the specimen in a tank of concentrated hydrochloric
acid. Weight it down if necessary. Check the specimen after
24 hours, and move it about cautiously with a stick or glass
rod, or by hands protected with heavy rubber gloves. Examine
the specimen at least once a day for the next 2 days ; the bones
and soft tissues should be eroded away by the third day. If
the process takes much longer than this, transfer the specimen
to fresh acid and discard the used acid.

Carefully place the latex cast in a large basin and wash it
in running water for 2 hours. Put a length of rubber tube on
the nozzle so that the water does not splash but flows
smoothly. Remove any pieces of tissue that may remain,
using a jet of water directed from above the surface of the
water in the basin. This causes the stream to draw down a
large amount of air, which helps to detach and carry away
the bits of tissue (Tompsett, 1956: 119). A small amount of
work with forceps may be necessary. Continue to wash the
cast until the odor of acid can no longer be detected.
Store the cast in hquid in a covered basin or widemouthed
jar. If the cast is perfectly clean, it can be kept in water but
if any tissue remains it must be kept in an embalming fluid.
Add thymol (1 gm. per liter) to prevent the growth of mold
if the specimen is to be kept for a long time.

Perfusion with Physiological Ink
The technique of perfusion with physiological ink to reveal
capillaries makes use of an ink specially formulated for bio-
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logical injection. It has provided us with specimens that show
extremely well the capillaries, small arteries and small veins
in feather muscles, around folHcles, in the pulp of growing
feathers, and within the comb, wattles, and ear lobe. Other
media that we have tried, including waterproof drawing ink
(india ink), have not shown these vessels nearly as well or as
consistently.
Physiological ink^^ differs from waterproof drawing inks
chiefly in that it does not contain any shellac as they do. It
contains 10 percent carbon with a particle size of approximately 20 to 30 M; 4.3 percent fish glue, and 1 percent phenol
in water. The pH of this ink is 8.1, whereas that of drawing
inks is 9.5.
A procedure for perfusing the ink and preparing skin
specimens has been described by Peterson et al. (1965). A
feature of this technique is that the ink is injected while the
bird is alive, under anesthesia. By closing a major artery and
a major vein (with tourniquet and Hgature) at appropriate
points, it is possible to increase the flow of ink to the integument over a desired area, and thus to demonstrate the small
vessels and capillary networks there. If only vessels larger
than capillaries are to be studied, no vessels need be blocked.
The ink is simply injected into a convenient peripheral vein,
and action of the heart distributes it through the body.
Naik and Naik (1964) injected a 50 percent solution of india
ink through the left ventricle of the heart in anesthetized
House Swifts {Apus affinis) and were able to get good injection of the capiflaries in the buccopharyngeal region of the
head.
When perfusion is finished, the bird is killed with an overdose of anesthetic. The perimeter of the perfused area of
skin is cauterized to prevent the ink from leaking out when
the vessels are cut. The desired piece of skin is then removed
and fastened to stainless steel wire cloth. The sequence of
10 percent formic acid for fixation, acetone for dehydration,
and methyl benzoate for clearing (as described by Peterson
et al, 1965) gives better results than the Bouin's fluid,
alcohol, and glycerine, xylene, or methyl sahcylate we have
tried for the same purposes.
Finished preparations of skin show nerves white, blood
vessels black, and other tissues clear except for fat deposits,
which are yellow-brown. Arteries can often be distinguished
from veins by their smaller size. It appears that the elastic
tissue in the walls of arteries causes them to contract, thereby
reducing the diameter of the lumen and hence the volume of
ink. The thick arterial wall apears as a wide white band on
either side of the black lumen. Veins, having thinner, less
elastic walls, show a wider lumen without white boundaries.
It is difficult, however, to tell apart arterioles and venules
except by their connection to larger vessels.
26 Manufactured by Günther Wagner Pelikan-Werke, Hannover,
West Germany. Distributed by John Henschel and Co., Inc., 425
Park Avenue South, New York, N.Y. 10016.
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The nerves in ink-perfused pieces of skin can be stained
by a phenylh3^drazine4eucofuchsin technique (Tetzlaff
et al, 1965) Specimens prepared in this way show nerves
and feather muscles in shades of purple and blood vessels in
black.

Special considerations for comb^ wattles^
and earlohes
Except for very small capillaries, blood vessels can be
demonstrated in the comb, wattles, and ear lobes as well as
the internal organs of the head by injecting ink into a basihc
vein or carotid artery. When the integumentary structures
turn black, the injection should cease, and the anesthetized
bird should be killed. Sometimes the ink itself is toxic in
such a large quantity that the bird is killed by the injection.
If the smallest capillaries are to be shown, it is necessary
to create back pressure in the vessels of the head. Anesthetize
a bird and cut through the skin on the neck to expose the
carotid arteries and the jugular veins. Clamp or hgate one
vessel in each pair. Cut the remaining jugular vein, and clamp
a hemostat on the end nearer the head. Make a small incision
in the remaining carotid artery, and start to inject the ink.
Prompty release the hemostat on the cut jugular vein, and
let the blood drain out. As soon as ink appears in the blood,
clamp the hemostat again, but continue injecting until the
comb, wattles, and earlobes are completely black. This
sequence of steps flushes out the blood and ensures penetration of ink into all the capillaries. Kill the bird with an overdose of anesthetic if it is still alive.
The wattles, earlobes, and especially the comb must be
removed with care in order to minimize the loss of ink from
their abundant blood vessels. As one or another of these
structures is cut off with a scalpel or scissors, coagulate the
cut ends of the blood vessels with an electrosurgical apparatus. The comb is ñrm enough that it can then be placed
directly in fixative, but the wattles and earlobe should be
spread out and stitched to wire cloth with pierced waterproof paper underneath.
Specimens are best fixed in 10 percent formic acid because
10 percent formalin causes the ink suspension to precipitate
(Peterson et al, 1965: 354). They can then be cleared and
left whole; sectioned with a razor blade at 2 to 3 mm. and
cleared; or embedded in paraffin, sectioned on a microtome,
and cleared. As a clearing agent, xylene is used for the
paraffin sections and methyl benzoate for the whole mounts
and thick sections. Plastic shde cell mounting frames (p. 644)
must be used for mounting the thicker sections. Several
frames must be cemented on top of each other to accommodate the 2- to 3-mm. sections. The thick, cleared sections,
cut in various planes of orientation, are very helpful for
working out the vascular system of these integumentary
structures.
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ANATOMICAL ILLUSTRATION
In this project, a great deal of careful work has gone into
the preparation of drawings, charts, and photographs. Our
equipment and methods may be of interest to others, particularly those who are faced with similar tasks of illustration. As with the preparation of specimens, we and our staff
have made or modified various devices when we could not
find any to meet our needs. These have been mostly aids for
drawing the outline of comphcated subjects. We have also
adopted a number of materials, techniques, and machines
that are routinely used in commercial illustration, but that
are not as well known to biological illustrators as they should
be. These have been involved mostly in rendering and
labeling.
.
i
i
•
A biological illustrator should be brought mto the pianmng
for a picture at an early stage, before the specimen has been
processed or even taken. By asking what the purpose of a
drawing is to be, the illustrator can aid in the choice of a
method of preparation that will best show the significant
features. Often the illustrator will want to carry out some of
the preparation himself. Especially if he takes this step,
the illustrator gains a knowledge of the anatomy and the
changes or artifacts caused in processing. Such participation
leads to much better results than if the illustrator knows
nothing about the specimen until he is shown and asked to
draw it.

Drawing the Outline
A drawing of an anatomical subject begins with an accurate
sketch of its outlines. This can be made freehand with the
aid of proportional dividers, but working in this way is slow
and inaccurate except for a skilled draftsman. The task can be
speeded and the results improved by using apparatus by
which the subject can be traced at a desired magnification.
Tracing can be either direct—from the subject itself—or
indirect—from a projected image. Naturally the device must
not introduce any distortion. We have used various pieces of
apparatus as aids to drawing, including a few of our own
devising.
Pantographic tracing machine
For a drawing to be made with absolute accuracy, there
must be no foreshortening due to perspective, as happens
when a subject is viewed from a single point. Instead, every
point in the subject must be viewed ^'straight on.'' The
imaginary fines of sight from all points on the subject must
be parallel, as if the vanishing point were infinitely distant.
These fines are then perpendicular to the plane of the picture
rather than convergent through it to the eye of the viewer.
This is the principle of orthographic projection, normally
foUowed in architectural plans and engineering drawings.

Distances between points on a subject can be measured
from such drawings as accurately as from the subject itself,
although a scale of enlargement or reduction is often used.
Artists and draftsmen have constructed many devices to
ensure that the sight lines are parallel, i.e., that an eye is
directly above every point on the subject as it is seen and
drawn. The machine to be described here had its genesis in
a simple tracing apparatus invented by Scammon (1921).
This led to the construction of a structure in which two
rigid sheets of plastic ruled with identical grids of J^-inch
squares are supported horizontally about 2 inches apart
above a specimen. The user sights through upper and lower
squares at the specimen and marks on a sheet of clear
acetate taped on the upper plastic sheet. Owing to various
limitations, this device was not given much use.
Another apparatus was designed and built on entirely
different mechanical principles. Known as a pantographic
tracing machine, it consists essentially of a precision pantograph27 for tracing and a vertically adjustable mechanism for
bringing the subject into focus. A viewing unit at one end of
the pantograph rests on a glass plate above the subject. A
drawing can be traced by sighting through the viewer and
sfiding it about so that it foUows outlines of the specimen
(fig. 416). The drawing can be magnified up to three times
life size by adjusting the lengths of the pantograph arms.
The viewer is a 10 X macroscope^^ mounted on a base
plate and surrounded by a ball bearing, the cover of which is
fastened to the pantograph (fig. 417). The magnification of
the macroscope is an aid to seeing details of the subject and
has nothing to do with the scale of the drawing. Accurately
centered cross hairs are mounted at the focal plane of the
eyepiece. Their intersection is kept alined with the edges of
the specimen that are to be drawn as the viewer is moved
about (fig. 416). The working distance of the macroscope is
1}4 inches; of this, one-quarter inch is taken up by the
thickness of the glass plate. Since the remaining inch is not
enough to accommodate deep specimens, it might be advisable to use a macroscope with lower magnification (i.e.,
5X to 8X), which would have a greater working distance.
The vertical tube of the macroscope fits closely inside a
4-inch length of bronze bushing. The inside diameter of the
bushing must be 0.001 or 0.002 inch greater than the outside
diameter of the macroscope tube (about 1 inch, fig. 417). The
outside diameter of the bushing does not matter, except
that it must have a close working fit inside the ball bearing.
The lower end of the bushing is machined to fit snugly into the
base plate of ^e-i^^ch cold rolled steel.

27 Keuffel & Esser Co., Hoboken, N J. Catalog No. 574294.
28 Bausch & Lomb Optical Co., Rochester, N.Y.
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FIGURE

416.—Pantographic tracing machine in use. The pantograph shown is the model we used, not the model referred to in
the text. The inset shows the magnified view in the microscope.
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FiGUBE 417.—Viewer for pantographic tracing machine.
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The ball bearing around the bushing is covered by an aluminum housing, machined from a soKd cyhnder. This is
bolted to the end of the pantograph arm in place of the
scriber. By hnking the pantograph to the macroscope with a
ball bearing, its arm is free to turn around the macroscope
while this is being moved about and held at the same orientation toward the user. The inner race for the balls fits closely
around the bushing so that it can be sHd up or down as necessary to adjust it to the level required by the pantograph.
This apparatus rests on a table with the pantograph and
drawing area at the left and the viewing unit at the right,
as faced by the user (fig. 416). The latter slides on a sheet of
plate glass 16 by 20 by ^i inches set into the tabletop above
the specimen compartment. Because the glass must be
removed to give access to a specimen, it has a strip of adhesive
tape underneath at one end, the ends of which extend above
the tabletop. The area for the pantograph and the drawing
paper is about 48 inches wide and 30 inches deep. It may be
necessary to make this area slightly higher than the glass to
keep the pantograph level.
The specimen must be raised and lowered to keep it in
focus, because this cannot be done with the macroscope. It
rests on an enamelware dissecting pan that is clamped to a
supporting frame above the focusing machinery. In our
apparatus, the specimen platform is raised by springs and

lowered by a hydrauhc pump and ram (fig. 419). However, a
rack and pinion arrangement with countersprings, a servomotor, and foot control would be easier to use. The pump is
clamped to a horizontal shelf at the right end of the table
(figs. 416 and 418). The pump is connected by a rubber hose
to the ram, which is mounted upright beneath the center of
the specimen platform (fig. 419). When a specimen is raised
or lowered, it must travel absolutely vertically so that it
remains ahned with the crosshairs in the macroscope. There
must be no lateral play in the focusing machinery. The
hydrauhc pump and ram^^ (used in automobile body work)
were chosen because there is no screw at the top of the ram,
and hence no chance for lateral play. After this equipment
was obtained, however, we learned about ball bushings which
ensure vertical travel (discussed below). The use of such
bushings makes it unnecessary to employ a hydrauhc ram of
the type we chose. An unusual feature of this equipment is
that hydrauhc operation of the pump pulls the piston into the
cylinder of the ram instead of pushing it outward. Hence
a specimen is lowered by working the pump and raised by
opening the valve (fig. 418).

23 Blackhawk Manufacturing Co., Milwaukee, Wise. Bantam PortoPower pump, model P400,

Pipe coupling

End of steel rod

Reinforcing
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Handle

I

Clamp

Hydraulic pump

FIGURE

418.—Supporting frame and hydraulic pump of pantographic tracing machine viewed from above. The glass plate and
specimen tray have been removed.
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FIGURE

419.—Lifting mechanism of pantographic tracing machine viewed from one side below the table. Inset show^s a ball
bushing at larger scale than in main drawing.

plane (figs. 418 and 419). Its arms are lengths of J^-inch pipe,
the inner ends of which are brazed to the side of a pipe
coupling. The coupling has to be the right size to receive the
threaded top of the hydraulic piston. A trapezoidal steelplate
is brazed to the pair of arms on each side, close to the center.
These reinforce the arms and receive the thrust of the
lifting springs.
A bronze sleeve 1% inches long, 1 inch inside diameter, is
brazed in an upright position to each outer end of a diagonal

pair of arms. Each tube holds a ball bushing in a resihent
mount.^^ These bushings have a simple but ingenious system
for recirculation of balls that permits almost frictionless
unlimited hnear movement (fig. 419 insert). Each bushing
travels on a 10-inch length of J^-inch cold rolled steel rod,
which has been rubbed with fine emery cloth until it sups
easily but not loosely through the bushing. The rods run
from the underside of the tabletop to the framework that
encloses the mechanism. They must be mounted so that they
are perfectly vertical or else there will be binding as the supporting frame moves up and down. Installed in this way, the
ball bushings completely prevent lateral play when a specimen is focused.
The outer ends of the other two arms bear hooks that
fasten over the edge of^the dissecting pan. These can easily
be disengaged so that the pan can be removed for cleaning.
To use the machine, remove the glass plate, carefully
position the specimen near the center of the tray, and replace
the glass. Adjust the pantograph arms to get the desired
magnification (up to 3X) for the drawing. Place the macro-

3° Lincoln-St. Louis Co., 4010 Goodfellow Boulevard, St. Louis,
Mo. 63120. Catalog No. 55228. (265^ inches long, ^-inch inside
diameter, and ^K6-inch outside diameter).

31 Thomson Industries, Inc., Manhasset, N.Y. Ball Bushing Precision
Series A, catalog No. A-81420. Resihent mount, catalog No. 1434A500.

The spring inside the ram proved too weak to raise the
specimen tray and its supporting frame. Therefore, this
spring was supplemented by two compression springs.^^
These are housed in 1-inch pipes, 17 inches long, and capped
on the lower end (fig. 419). The spring wells are clamped to a
framework that encloses the entire mechanism. In order to
keep the springs from buckling where they are exposed above
the pipes, a length of ^-inch steel rod is passed through the
center of each spring and attached to the supporting frame
for the specimen tray.
The supporting frame is a four-armed cross in a horizontal
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scope above the center of the specimen, and move the pantograph until its arms are perpendicular to each other. Set down
the fixed pivot of the pantograph. The macroscope, pivot, and
pencil should be in a straight line. Place a sheet of drawing
paper on the table with its center beneath the pencil, and
tape it down. Position the macroscope above an edge of the
specimen to be traded, lower the pencil, and sHde the macroscope about, keeping the edge centered imder the crosshairs.
If the viewer does not travel smoothly, lubricate the glass
and the underside of the base plate with No. 708 dry lubricant Teflon spray.^2 To shift from one edge to another without
marking the paper, simply raise the pencil while moving the
viewer; it is convenient to have a cable release mechanism
for this purpose on the pantograph. Good lighting for the
specimen can be furnished by an adjustable lamp with an
incandescent bulb. The lamp is moved about as needed to
illuminate portions of the specimen when they are brought
into view. Fluorescent lamps are not suited for this purpose
because they cast soft shadows, which make it more difficult
to see edges.
Used with care, this machine can help produce accurate
outhne drawings. Persons without drawing abihty can get
much better results and do so much more quickly than by
working freehand with dividers. Details and any shading
that may be wanted are added from direct examination of the
specimen.
Direct tracing apparatus
We have also designed and built a simple apparatus for
tracing in orthographic projection the outlines of specimens
32 Manufactured by E. I. du Pont de Nemours & Co., Inc. Distributed
by Sprayon Products, Inc., Bedford Heights, Ohio, and Anaheim,
Calif.

too large for the Pantographic Tracing Machine. No pantograph or other system for magnifying the drawing is employed. The apparatus consists of a viewing-tracing unit
and a sturdy glass-topped table that is large enough to fit
over a turkey (fig. 420). The viewer-tracer is a rectangular
base plate with two upright tubes, one is a nonoptical viewer
and the other is a holder for a technical fountain pen
(fig. 421).
The wooden frame of the table is about 48 inches long,
42 inches wide, and 18 inches high; it supports a sheet of
3^-inch plate glass, 40 by 36 inches. The legs are sections of
1-inch pipe capped at the bottom; they can be unscrewed
from their sockets so that the tabletop can be more easily
stored on edge.
The base of the viewing-tracing unit is a piece of cold rolled
steel 6 by 3^ by ^{Q inches. A hole drilled through each
comer is tightly fitted with a solid Teflon peg, the rounded
end of w^hich projects three-sixteenths of an inch below the
underside. These pegs are the best means we have found to
minimize friction when the unit is moved about. Two holes
are drilled through the plate, about five-eighths of an inch
and 1% inches in diameter. They are located midway between the long edges, their centers are 2 inches from either
end.
Into the smaller hole is fixed a piece of metal tubing about
33^ inches long, and with an inside diameter large enough
so that a technical fountain pen can just slip into it. Fitted
into the bottom of this tube is a metal plug with a 1-mm.
hole in the center, through which projects the point of the
pen. The height of the tube and plug must be adjusted so
that the pen point touches a writing surface just enough
to make a firm line.
The larger hole in the base contains two segments of brass
tubing, one snugly inside the other. Both have a wall thickness of one-sixteenth of an inch, the outer tube is 1% inches
|—Drawing on sheet
of clear acetate

Viewing-tracing unit

Frame of table—I
FIGURE

Glass plate^

1

/?. ^./T¿v//v¿7—

420.—General view of direct tracing apparatus for large specimens.
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Eyepiece with center hole
Viewing tube

Technical fountain pen-

Holder for pen
Base plate

l%in.

Plug with hole for pen point-^

^Crosshairs

FiGUEE 421.—Viewing-tracing unit of direct tracing apparatus.

O.D. and about 2 inches tall, and the inner tube is 134 inches
O.D. and 1 inch tall. Before the inner tube is inserted, it is
fitted with fine cross wires at both ends; these must coincide
exactly. The tubes are assembled so that their bottoms are
flush with the underside of the base. The projecting portion
of the outer tube serves as a collar that holds the lower end
of a brass tube 7 inches long, l^i inches O.D., and 3-'Í6-inch
wall thickness. The top of this tube is fitted with a cap with
a 1-mm. hole in the center.
In use, position the specimen beneath the table and tape a
sheet of clear, inkable acetate (e.g., Bourges Kleerkote) on
top of the glass. Insert a technical fountain pen (fine to
medium size) in the holder, and make sure that its point will
mark on the acetate without dragging. Place the viewertracer on the table so that the viewer is directly above an
edge of the specimen that is to be traced. Orient the unit
so that one edge of the base is parallel to an edge of the
table. It does not matter which position is chosen, although
persons who put their right eye to the viewer generally prefer
to have the viewer at the left of the pen. Sight through the
peephole in the viewer, and shde the unit about, keeping
the cross wires in line with the edge of the specimen. Be sure
that the two sets of cross wires coincide and that the orientation of the viewer-tracer is maintained. As an aid to orientation, a clear sheet of acetate ruled with parallel lines or a
grid can be placed beneath the acetate for the drawing; one

of the cross wires can be kept parallel to these lines. The
result of all this procedure is that a life-size outline is drawn
on the acetate, offset 2 inches from the specimen. Care must
be taken not to slide the feet of the viewer-tracer over freshly
inked lines.
Projectors
A microprojector., an overhead projector, and an opaque
projector can be used with different types of specimens as
aids to drawing the main features. By projecting a scale with
the same setup used for a specimen, the magnification of the
drawing can be determined. The microprojector can be used
not only for sections of tissues but also for whole mounts of
small feathers. The overhead projector and opaque projector
can be used with such specimens that are virtually flat as
pieces of skin ; the shallow depth of field of their lenses is a
hindrance for specimens with much thickness. We have found
overhead projectors to be especially good for projecting an
image (to be traced) of pieces of skin that have been cleared
after they have been processed to reveal the nerves, muscles,
or blood vessels, or all three. These skin specimens are kept
in liquid while they are being projected.
Commercial illustrators commonly use large projectors that
are designed for enlarging or reducing artwork. We obtained
a machine for this purpose and have found it useful for
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bringing a sketch to the size desired for the final drawing, for
visualizing final drawings, and for choosing the size of lettering for labels. It has proven even more valuable, however, as
an aid in making preliminary drawings of specimens. Its lens
has a very shallow depth of field, and hence the projector
works best with objects that are virtually flat.
In the machine we use,^^ the artwork or specimen is
placed on a platform beneath a lens and fights. The image
is projected upward to a sheet of plate glass, where it can be
traced on matte acetate or tracing paper. By closing the iris
diaphragm in the lens, the depth of field is increased, an
advantage when drawing a three-dimensional specimen. The
image can be enlarged to 4X or reduced to J^X from the
original size by adjusting independently the height of the
specimen platform and the lens, which are controlled by
cables at the front of the projector.
This projector was very helpful in preparing drawings of
individual feathers (e.g., fig. 182, p. 282) and of feather
muscles and apterial muscles (e.g., fig. 258, p. 427). In
working with the skin preparations, we laid a light box
(actually an X-ray viewer) on the specimen platform and
placed the specimen, in liquid, on top (fig. 422). This is a
much more convenient arrangement than that with an
overhead projector, and the image is sharper. Its only
drawback for such usage is the limited magnification that
can be obtained.
33 Lucygraf Manufacturing Co., 3268 Motor Avenue, Los Angeles,
Calif. 90034. Lucygraf model A-100.

Tracing paper or
matte acetate
Glass plate at
plane of focus
Bellows

Lens

Movable lens platform
Reflector
Lamp

Specimen or drawing
to be copied

Rendering Techniques and Materials
Various techniques of rendering in line, tone, and color
have been used for preparing the illustrations in this book.
Although none of them are new, a brief review of them may
be of interest to biological illustrators and to anatomists
who must make their own drawings.
A. Line (black and white) illustrations.
1. Pen and ink. Drawing pens and technical fountain
pens in several sizes used with waterproof black drawing
inks on the following surfaces :
a. Bristol board (e.g., fig. 1, p. 4).
b. Ross scratchboard^^ (e.g., fig. 159, p. 237). This
smooth chalk-surfaced board is excellent for finely detailed
pen work. It is more commonly used with scratching tools,
with or without a pen (see below).
c. Matte acetate (e.g., fig. 68, p. 118). This material
takes ink nicely, yet allows unwanted lines to be scraped off.
It should not be used if dimensional stability is important
because it shrinks slightly.
d. Clear, inkable acetate.^^ This material is used for
overlays that require linework above tone drawings (e.g.,
fig. 3, p. 8).
2. Scratchboard (e.g., fig. 182, p. 237). This material
is usually blackened with india ink, either entirely or in
areas; white lines are then drawn by scratching with scratching tools or scalpels.
3. Wax pencil on coquille board or textured chalksurfaced drawing board^e (e.g., fig. 72, p. 120). The pencil
is of the type used for marking either glazed surfaces or skin.
We choose such a pencil instead of a lithographic crayon
because it leaves a black mark however lightly it touches
the board. These marks reproduce even if small, with the
result that intermediate tones can be achieved. Lithographic
crayon often leaves a grayish mark that either reproduces as
black or disappears; intermediate tones cannot be controlled.
Drawing ink is often used in addition to wax pencil.
B. Tone illustrations.
1. Wash. Lampblack watercolor brushed on single ply
bristol board was used for a few drawings of histological
sections (e.g., fig. 234, p. 367). We then modified this technique with the Fluorographic process^^ in subsequent wash
drawings. This process has been in common use by commercial illustrators for a number of years, but it does not seem to
have been much used by biological or medical illustrators.
Since it has proved to be well suited to tone drawings of
anatomical specimens, a brief account of the process may be
of interest to readers who are unfamiliar with it.
The problem that this and similar processes seek to overcome is that white areas in photographs or tone drawings

Movable specimen platform

Frame of projector
^•.8. £iV^/Y6-

FIGURE

422.—Side view of an illustrator's projector.

2^ Manufactured by Chas. J. Ross Co., 1525 Fairmount Avenue,
PhUadelphia, Pa. 19130.
3Ö Bourges Kleerkote. 80 Fifth Avenue, New York, N.Y. lOOlL
36 Ross board, patterns 00, 1, IJ^, 2, and 9.
3^ Fluorographic Sales Division, Printing Arts Research Laboratories,
Inc., La Arcada Building, Santa Barbara, Calif. 93104.
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come out light gray in ordinary halftone reproductions.
Owing to the halftone screen, the white areas contain dots
of ink like those in the gra}^ and black areas, only smaller.
These dots must be eliminated from the photoengraving if
the original white areas are to print as white. This can be done
with handtools, but the job is time consuming (hence expensive) and destroys the nuances of the artistes work.
The Fluorographic process is a method of automatically
highlighting halftones (getting rid of screened dots in white
areas). For the artist it requires only the use of special
products that absorb ultraviolet radiation (except for a
special highlight white that quenches ultraviolet absorption).
A wash drawing, for example, should be made on good
quality watercolor paper or illustration board. Bristol board
is not recommended for the process by the manufacturer of
Fluorographic products because its surface is not properly
sized to accept water-based washes. The special solvent
that must be used penetrates the board and loses its effectiveness. We have gotten satisfactory results, however, by dry
mounting single ply bristol board onto illustration board
before use.
The drawing is made with Fluoro Solvent in place of
water, but little or no modification of customary rendering
techniques is required. A photoengraver who is equipped for
the process then makes a negative of the drawing by double
exposure, first with a halftone screen and then without a
screen but with a special ultraviolet-transmitting filter on
the lens. Since the special art media absorb ultraviolet radiation, this is not reflected from toned areas of the drawing but
only from the background, highlights, or specially whitened
areas. Screen dots in these areas are obliterated with the
result that these portions of the halftone plate print pure
white. The reproduction thus achieves crispness and a range
of tones close to those of the original artwork.
Wash drawings with Fluoro materials have been made to
illustrate many histological subjects (e.g., fig. 228, p. 350; fig.
232, p. 359; fig. 303, p. 502). Fluorographic pencils are commonly used to touch up these drawings and can also be used
by themselves (e.g., fig. 294, p. 483).
2, Dust of carbon pencil or Conté crayon (e.g., fig. 3).
The dust of either material is brushed into a textured, chalksurface drawing board.^^
3. Airbrush (e.g., fig. 226, p. 336). Watercolor or diluted
ink is finely sprayed onto bristol board or an acetate overlay.
C. Color illustrations.
L Blended colors (e.g., fig. 239, p. 377). Drawings were
made with casein colors, watercolors, color inks, and color
pencils (both water soluble and nonsoluble types), often in
combination, on bristol board or textured chalk-surface
drawing board.
2. Solid colors (e.g., fig, 287, p. 472). Charts (e.g., fig. 140,
p. 208) and diagrams in color were made in black-and-white
on acetate overlays and set in color by the printer.

^8 Ross board, patterns 00, 1, and 2.

Overlays
All our illustrations are made with one or more overlays,
i.e., sheets of acetate that overlie a drawing or photograph.
These carry supplementary information, furnish color
separation, or protect the illustration. The function of a given
overlay determines the type of acetate used. Register marks
in the corners of the base drawing and the overlays are
essential for accurately lining up the overlays.
Informative overlays
Labels, label lines, and supplemental markings are put on
an overlay, not directly on the artwork. This makes it possible
to make changes without hazard to the picture. Also, overlays with different sets of labels or different supplemental
markings can be combined with the same base drawing to
illustrate different features (e.g., figs. 3, p. 8; and 53, p. 98; as
compared with figs. 28, p. 41; 61, p. 107; and 102, p. 159).
With tone drawings and photographs there is the further
advantage that the overlay and the picture can be photographed separately by the photoengraver. The overlay
can be copied without the halftone screen required for the
picture; hence the labels, lines, and dots are not degraded.
The two negatives are combined in making the printing plate.
Most of our informative overlays are made on clear
acetate 0.005 of an inch thick. It does not shrink as much as
thinner grades, and it withstands much handling. Acetate
that has been treated to accept ink is used for overlays that
are to be drawn on.
Color separation overlays
The cost of reproducing illustrations with solid colors can
be reduced by the use of overlays. This is the standard
'^fake color'^ method that we have applied to certain charts
and diagrams (e.g., figs. 126, p. 200; 137, p. 206 and 143,
p. 214). The base drawing is done with black ink on bristol
board. An overlay of 0.005 of an inch of clear or matte acetate
is made for every color that is to appear in the reproduction.
The markings are not actually made in color but in black ink
or transfer pattern; the color represented is noted on the
margin of each overlay. Separate plates are made of the
base drawing and each overlay, and these are inked in
different colors when they are printed.
Protective overlays
Protective overlays can be made of tracing paper or kraft
paper, but we prefer 0.003 of an inch of clear acetate. An
overlay should be marked and fastened in such a way that
it can be removed when the illustration is photographed.

Labeling
Anatomical illustrations can be labeled in various ways,
ranging from hand lettering to machine printing. Cutout
letters and transfer letters are ideal if the volume of work is
not large. They are produced on sheets or tapes by several
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companies and are available in a wide range of sizes and
Techniques of Photographing Feathers
styles. We have come to use printing machines, however, beIndividual tvhite feathers
cause of the enormous amount of labeling required for our
illustrations. Labels in 14 point and larger sizes are made on
The chief problem in photographing white feathers is that
a photoprinting machine,^^ and those in smaller sizes are
of showing textures. Lighting and exposure must be planned
made on a special typewriter. Each machine has interchangeso as to show details even in the pennaceous part of the
able accessories that enable it to print letters in various
vanes. The feathers shown in figure 213, page 317, were
styles and sizes, and the photoprinter can produce a number
photographed individually by the procedure to be described.
of symbols as well.
Prints were enlarged to the same scale, combined, and reLetters on original artwork must be of such a size that they
photographed to make the final illustration.
will reduce to a predetermined size in the reproduction. We
Before photographing, choose feathers carefully, and
have tried to make most labels so that they will finish at
wash and dry them if necessary. Snip the afterfeather
an 8 point size. The ratio between the original and the
off each feather if it has an aftershaft. Mount the feather
finished sizes of the lettering is the same as the ratio between
and its afterfeather side by side on a glass plate with a small
the original and the finished measurements of any dimension
amount of Styx adhesive wax or household (model airplane)
(usually width) of the illustration. With any three of these
cement. Keep the cement close to the midline so that it
factors known, the last (usually original letter size) can be
does not flood the barbs and render them more transparent.
determined.
Support the plate about 6 inches above a sheet of black
As an aid in this calculation, we devised a simple slide
Color-Aid or velour paper available at art supply stores.
rule, patterned on a photoengraver's proportional slide rule.
Place a milHmeter ruler and an identifying label on the plate,
It^ has two pairs of linear logarithmic scales, one for the
fairly close to the feather.
original and the finished dimensions (1 inch to 36 inches) and
Illuminate the feather with a small spotlight shghtly
the other for the original and the finished sizes of letters
above and to one side, aimed so as to give strong cross
(6 point to 24 point). By sliding the central piece so that
lighting. If the exposure meter takes spot readings, reflected
either pair of values is alined, the other pair is automatically
light can be measured from the feather. If not, remove the
alined, and the unknown value can be read off, A reducing
glass plate, and measure the illumination on an 18 percent
lens and the illustrator's projector (p. 665) are useful for
reflectance gray card put in its place. Using the gray surface
checking to see that labels will be legible when the illustration
instead of white will give a reading that will record details
has been reduced.
in white areas. Compensate for bellows extenson, and choose
^ Wherever possible, symbols and patterns in our illustrathe smallest possible lens aperture in determining the
tions were made with printed acetate adhesive sheets and
actual exposure.
tapes. The most useful of these have been the cutout sheets
of label lines with single or double white edges.^^
Feathers in stages of growth
Labels and most label lines are arranged so as to be perfectly horizontal, a task that is customarily done with a TPhotographing feathers in stages of growth calls for the
square and drawing board. We have found that the use of
equipment and techniques of closeup photography or even
two grids on clear acetate hastens the work and makes the
photomacrography. The field of view with these subjects
results more accurate. The grids are placed above and
ranges from about 100 mm. to as little as 10 mm. across.
below the overlay for the labels and are carefully oriented
This means that the camera must focus through the taking
with respect to the drawing itself (not to the edges of the
lens onto a ground glass screen (i.e., be of single-lens reflex
drawing paper). They then serve for reference in ahning
or view type). Its lenses must be capable of giving an image
the labels and label lines. To make a grid on clear acetate,
that is fife size or a little larger. The specimen and lighting
photograph—on film measuring 11 by 14 inches or larger—
must be arranged with great care.
a grid that has been clearly printed on paper or matte acetate.
For our work, photographs of growing feathers (e.g., figs.
Make a contact print from this negative onto another sheet
127, p. 201, 210, p. 315, and 244, p. 389) were taken with a
of film. The result will be a film positive, with black lines on
35 mm. single-lens reflex camera, using 50 mm. or shorta clear background. It will be much sharper than an enlargemount 105 mm. lenses mounted on a bellows. The lenses were
ment from a smaller negative would be. Two or more of
not reversed although this practice is recommended when
these sheets can be taped together to make larger grids.
the subject-to-lens distance is less than 10 times the focal
length of the lens. Closeup attachment lenses did not give
satisfactory results. The bellows was modified so that it
could be racked from both front and rear, a feature that is
3«Vari-Typer Corp., 720 Frelinghuysen Avenue, Newark, NJ
07112. Headhner Multi-line 840 and Composing Machine model 570
available on some models. Mount the camera on the arm of a
^° Artype, Inc., Crystal Lake, 111. 60014. See catalog for various
sturdy vertical copy stand or its equivalent. (We use the
styles and sizes.
supporting parts of an enlarger.) With the camera aimed
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downward, it is much more convenient to use a viewfinder of
the waist-level instead of the eye-level type.
Examine a bird closely to find feathers in the stages of
growth to be shown. These feathers are usually best shown
in place, but they may be photographed separately if details
of completed structure are the subject (e.g., figs. 161, p. 239;
212, p. 316) Expose the feathers of interest by removing
those that conceal them or that might cast concealing
shadows. This can be done more neatly by clipping at the top
of the follicle than by plucking. On the wing and tail, record
specifically which feathers have been removed.
The skin that holds the feathers of interest should be cut
off the body and pinned to a cork board. It is much easier to
position the feathers exactly as wanted on such a specimen
than on the bird itself. Use a piece of skin several centimeters
across to be sure that its edges will not show in the photograph. If the feathers are based on such a firm part of the
body as the head or wings, this part can be removed and
mounted intact. A piece of black Color-Aid or velour paper
should be laid on the cork board as a background before a
wing is pinned out. This paper can also be used in photographs of body tracts by placing it behind or beneath the
feathers of interest.
Carefully work over the specimen to be sure that feathers
are oriented just right and that there are no unsightly
features in the field of view. The latter include flakes of
feather sheath, which show up all too plainly against a
black background.
The mounted specimen can be laid flat on the copy board
or propped up with corks and small boxes. For a better
arrangement, however, hold the board in a universal extension clamp fastened to a heavy-based support. This is
easily adjusted to any position yet it is secure. Orient the
specimen first so that it shows the desired view. Then tilt
it if necessary so as to bring the points of interest as nearly
as possible to the sam.e horizontal plane. Feathers are thus
usually oriented horizontally, and the skin is allowed to slope
downward behind them (e.g., fig. 132, p. 204). This is done
because the depth of field at very close range is extremely
shallow, sometimes less than 2 mm.
A millimeter scale should always be photographed with
the subject. The rulings of ordinary rulers are too coarse,
however, for the magnification involved in closeup photography, much less photomacrography, A finely ruled scale
can be made as follows:
1. Decide on the length and pattern for the finished
scale. We use a 30-mm. scale ruled at 1-mm. intervals, with
extra long rulings at 10-mm. intervals.
2. Draw this scale at five to six times the final size,
using pen and ink.
3. Photograph the scale in reduced size.
4. Make an enlargement such that the rulings are exactly
1 mm. apart. This will give black lines on a white background,
much finer than the original. To get a white scale on
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a black background, contact print the negative on another
sheet of film and enlarge from this.
5. Cement or dry mount the print to double-ply bristol
board. Cut out the scale with a razor blade, leaving a space
about 2 mm. wide at each end. If the scale has a black background, blacken the edges with ink.
To facilitate positioning the scale on the specimen, mount
it on the head of a straight pin (better yet, a veil pin)with
a pill-sized wad of Styx adhesive wax. Pin the scale to the
specimen board near the feathers in such a location that its
image can be cropped from the print. The wax makes it
possible to put the scale at the same plane as the points
of interest and to adjust its angle precisely.
Lighting for most closeup photographs of growing feathers
can be provided by two or three spotlights. Relatively
lagre subjects (100 mm. or more across) require lights of
larger field, but these can be as simple as laboratory utility
lamps or gooseneck lamps with 60-watt bulbs. We have not
tried small high-intensity lamps, but some of them appear to
be ideal for this w^ork. An electronic ring flash, on the other
hand, though often used for closeup photography, would not
be suitable because it gives flat Hghting.
A spothght should be capable of casting a uniform spot as
small as 30 mm. across at a distance of 150 mm. A smaller
spot is desirable for extremely close work. Some microscope
spotlights are unsatisfactory because they cast an image
of the lamp filament when focused to give a sharp spot of
light.
A very satisfactory spothght for closeup photography
can be made by modifying a small, manual shde projector.
Extend the lens with a cardboard or metal tube until it casts
an even spot of light of the desired size. Make a tripod
socket on the bottom of the projector with a nut of suitable
size and a metal faceplate. The projector can then be
mounted on a tripod head; this is held on the threaded end of
a stiff rod, which in turn is clamped to a heavy-based support.
This apparatus gives good light and can be adjusted through
a wide range of positions.
Place the fights so as to get strong cross lighting. This will
enhance the three-dimensional aspect of the feathers and
cause them to stand out from their background. In photographing wing or tail feathers, a good effect can be achieved
by aiming a light so that it skims across the barbs of one
vane, more or less at a right angle to them (i.e. fig. 130,
p. 202). The relative brightness of two or more lights can be
controlled by placing neutral density filters or sheets of lens
tissue in front of them or by plugging them into separate
variable transformers. This last method cannot be used
for color photography because it alters the color temperature
of the lights.
Reflected illumination can be measured accurately from
the subject itself. Use of a gray card is inconvenient because
the specimen must be moved after it has carefully been set
up. Be sure to take lens extension into account in calculating
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the exposure, and choose an aperture-shutter combination to
get the smallest aperture possible. Trip the shutter with
a cable release after seeing that the camera and subject are
"^^*J°i^«^- ,
,
We have also photographed other kinds of gross specimens,

Hve birds, and histologie preparations but have made no
innovations of note with them. Much practical advice can
be found in a booklet by the Eastman Kodak Company
(1962), "The Photography of Gross Specimens," and in publications by the same company on photomicrography.
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Appendix A: Classified List of Birds Mentioned
in this Volume
The names of birds mentioned in this volume are Usted in
this section in a systematic order. We chose this arrangement
so that readers without an ornithological background could
see the relationships of these birds insofar as they can be
reflected in any linear scheme. Since this is not a taxonomic
workj we followed a standard reference (Wetmore, 1960) in
the sequence and names of orders and families. Names of
subfamihes are given for the Anatidae and the Phasianidae,
families in which many species have been referred to, including
domestic varieties. The classification and nomenclature of
swans, geese, and ducks in our hst are based on Scott (1961).
The scientific names of genera and species in other famines

are mostly taken from Peters^ ^^Check-list of Birds of the
World'' (1931-68). Names that have been revised since they
appeared in that w^ork or that have not yet been treated there
were taken from the American Ornithologists' Union's
^^Check4ist of North American Birds" (5th ed., 1957); rulings of the International Commission for Zoological Nomenclature; works by Gilliard (1958); Peterson, Mountfort, and
Hollom (1954); and Thomson (1964). English names have
been culled from the above-mentioned sources, from references by Austin and Singer (1961) and Delacour (1964), and
from various regional bird books.

Class Aves (Birds)
Order Archaeopterygiformes (extinct)
Family Archaeopterygidae, Archaeopteryx
Archaeopteryx lithographica, Archaeopteryx
Order Sphenisciformes
Family Spheniscidae, Penguins
Eudyptes chrysolophus, Macaroni Penguin
Order Struthioniformes
Family Struthionidae, Ostrich
Struthio camelus, African Ostrich
Order Rheiformes
Family Rheidae, Rheas
Order Casuariiformes
Family Casuariidae, Cassowaries
Family Dromiceidae, Emu
Dromiceius novaehoUandiae, Common Emu
Order Apterygiformes
Family Apterygidae, Kiwis
Order Tinamiformes
Family Tinamidae, Tinamous
Tinamus spp., tinamous
Nothocercus spp., tinamous
Crypturellus spp., tinamous
Order Gaviiformes
Family Gaviidae
Gavia immer, Common Loon
Order Podicipediformes
Family Podicipedidae, Grebes
Podiceps grisegena. Red-necked Grebe
Podiceps auritus, Horned Grebe
Podilymbus podiceps, Pied-billed Grebe
Order Proceliariiformes
Family Diomedeidae, Albatrosses
Diomedea exulans, Wandering Albatross
Diomedea epomophora, Royal Albatross
Diomedea chlor or hynchos, Yellow-nosed Albatross

Order Proceliariiformes—Continued
Family Procellariidae, Shearwaters, Fulmars
Macronectes giganteus, Giant Petrel
Puffinus griseus, Sooty Shearwater
Puffinus puffinus, Manx Shearwater
Order Pelecaniformes
Family Phaethontidae, Tropic-birds
Phaethon spp., tropic-birds
Family Pelecanidae, Pelicans
Pelecanus onocrotalus, Eurasian and African White Pelican
Pelecanus oecidentalis. Brown Pelican
Family Sulidae, Boobies, Gannets
Sula nehouxii, Blue-footed Booby
Morns bassanus, Northern Gannet
Family Phalacrocoracidae, Cormorants
Phalacrocorax auritus. Double-crested Cormorant
Phalacrocorax carbo, Great Cormorant
Phalacrocorax penicillatus, Brandt's Cormorant
Phalacrocorax pelagicus, Pelagic Cormorant
Family Anhingidae, Snake-birds or Darters
Anhinga anhinga, Anhinga
Family Fregatidae, Frigate-birds
Order Ciconiiformes
Family Ardeidae, Herons, Bitterns
Ar dea cinérea, Gray Heron
Árdea herodias. Great Blue Heron
Ar dea purpurea, Purple Heron
Butorides virescens, Green Heron
Florida caerulea, Little Blue Heron
Bichromanassa rufescens, Reddish Egret
Syrigma sibilairix, WhistHng Heron
Family Cochleariidae, Boat-billed Heron
Cochlearius cochlearius, Boat-billed Heron
Family Balaenicipitidae, Whale-headed Stork
Balaeniceps rex, Whale-headed Stork or Shoebill
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Order Ciconiiforraes—Continued
Family Scopidae, Hammerhead
Scopus umhretta, Hammerhead
Family Ciconiidae, Storks, Jabirus
Ciconia cicrniia. White Stork
LeptopHlos crumeniferiLS, Marabou Stork
Family Threskiornithidae, Ibises
Family Phoenicopteridae, Flamingos
Phoenicopterus ruber^ Greater Flamingo
Phoeniconaias minor, Lesser Flamingo
Phoenicoparrus spp. Andean and James' Flamingos
Order Anseriformes
Family Anhimidae, Screamers
Family Anatidae, Ducks, Geese, Swans
Subfamily Anserinae, Whistling Ducks, Swans, true Geese
Dendrocygna javanicüf Indian Whistling Duck
Cygnus olor, Mute Swan
Cygnus columbianuSf Whistling Swan
Cygnus buccinator, Tmmpeiei Swsui
Anser anser, Greylag Goose; A. a. var. domesticus, Domestic
Goose
Anser cygnoideSj Swan Goose; A, c. var. domesticus, Domestic
Chinese Goose
Anser caerulescens, Snow Goose and Blue Goose
Branta canadensis, Canada Goose
Subfamily Anatinae, Ducks
Alopochm aegyptiacus, Egyptian Goose
Lophonetta specularioides, Crested Duck
Anas acuta, Pintail
Ana^ crecca. Green-winged Teal
Anas platyrhynchos, Mallard; A. p. var. domesticus. White Pekin
Duck and other domestic ducks except for those descended
from. Cairinamoschata
Anas discors, Blue-winged Teal
Anas penelope, European Wigeon
Merganetta armata, Torrent Duck
Somateria fischeri, Spectacled Eider
Nettarufina, Red-crested Pochard
Aix gakricuMa, Mandarin Duck
Aix sponsa, Wood Duck
iVeWapws spp. pygmy geese
Cairina moschata, Muscovy Duck; C, m, var. domestica, Domestic Muscovy Duck
Campior/t^nc^ws Mradonws, Labrador Duck (extinct)
Melanitta nigray Common Scoter
Bucephala clangula, Common Goldeneye
Oxyura jamaicensis, Ruddy Duck
Order Falconiformes
Family Cathartidae, New World Vultures
Vultur gryphus, Andean Condor
Sarcoramphus papa, King Vulture
Cathartes aura, Turkey Vulture
Gymnogyps calif or nianus, California Condor
Family Sagittariidae, Secretary Bird
Sagittarius serpentarius, Secretary Bird
Family Accipitridae, Hawks, Eagles, Old World Vultures, Harriers
Accipitercooperii, Cooperas Hawk
Buteo jamaicensis, Red-tailed Hawk
Gypsfulvus, Griffon Vulture
Gypaetusbarhatus, Bearded Vulture
Circus cyaneus, Marsh Hawk
Family Pandionidae, Osprey
Pandion haliaetus, Osprey
Family Falconidae, Falcons, Caracaras
Falco mexicanus, Prärie Falcon
Order Galliformes
Family Megapodiidae, Megapodes
Megapodius freycinet, Scrub Fowl

Order Galliformes—Continued
Family Cracidae, Curassows, Guans, Chachalacas
Crax rubra, Great Curassow
Ortalis vetula. Plain Chachalaca
Family Tetraonidae, Grouse
Tetrao urogallus, Capercaillie
Lyrurus tetrix, Black Grouse
Dendragapus obscurus, Blue Grouse
Lagopus scoticus, Red Grouse
Lagopus mutus, Rock Ptarmigan
Tetrastes bonasia, Hazel Hen
Bonasa umbellu^, Ruffed Grouse
Pedioecetes phasianellus, Sharp-tailed Grouse
Tympanuchus cupido, Greater Prairie Chicken
Family Phasianidae, Quails, Pheasants, Peafowl
Subfamily Odontophorinae, New World Quails
Colinu^ virginianu^, Bobwhite
Callipepla squamata, Scaled Quail
Lophortyx californiens, California Quail
Oreortyx pictus, Mountain Quail
Cyrtonyx montezumae, Harlequin Quail
Subfamily Phasianinae, Old World Quails, Partridges, Francolins,
Pheasants, Peafowl
Alectoris chukar, Chukar
^tóom rw/a, Red-legged Partridge
Francolinus spp., francolins
Perdix perdix, Gray Partridge
Coturnix coturnix. Common Coturnix
Rollulus roulroul, Roulroul
Ithaginis cruentus, Blood Pheasant
Tragopan spp., tragopans
Lophophorus impejanus, Impeyan Pheasant
Gennaeus spp., a genus of silver pheasants
Lophura spp., gallopheasants
Gallus gallus, Red Junglefowl; G. g, var. domesticus, Domestic
Chicken
Gallus lafayetii, Ceylon Junglefowl
Gallus sonneratii, Gray Junglefowl
Gallus varius, Green Junglefowl
Pucrasia macrohpha, Koklas
Pkasianus colchicus, Ring-necked Pheasant
Chrysohphus amherstiae, Lady Amherst's Pheasant
Rheinardia ocelMa, Crested Argus
Argusianus argus, Great Argus
Pavo cristatus, Blue Peafowl
Family Numididae, Guineafowl
Numida meleagris, Common Guineafowl
Acryllium vuUurinum, Vulturine Guineafowl
Family Meleagrididae, Turkeys
Meleagris galhpavo, Common Turkey; M. g. var. domesticus,
Domestic Turkey
Agriocharis ocelMa, Ocellated Turkey
Family Opisthocomidae, Hoatzin
Opisthocomus hoazin, Hoatzin
Order Gruif ormes
Family Mesitornithidae, Mesites, Roatelos, Monias
Mesoencts unicolor, Mesite
Family Gruidae, Cranes
Grus canadensis, Sandhill Crane
Baleárica pavonina, Crowned Crane
Family Aramidae, Limpkin
Family Rallidae, Rails, Coots, Gallinules
Rallus spp., rails
Porzana Carolina, Sora
Porphyrio spp., a genus of gallinules
Fúlica spp., coots
Family Heliornithidae Finfoots or Sungrebes
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Order Gruiformes—Continued
Family Rhynochetidae, Kagu
Rkynochetos jubatus^ Kagu
Family Eurypygidae, Sunbittern
Family Cariamidae, Cariamas or Seriemas
Cártama cristata, Crested Cariama
Family Otididae, Bustards
Otis tarda, Great Bustard
Order Charadriiformes
Family Jacanidae, Jaçanas
Jacana spinosa, American Jaçana
Family Haematopodidae, Oystercatchers
Family Charadriidae, Plovers
Squatarola squatarola, Black-bellied Plover
Family Scolopacidae, Snipe, Woodcock, Sandpipers
Philohela minorj American Woodcock
Gallinago galUnago^ Common Snipe
Gallinago megala, Siberian Pintail Snipe
Numenius arquata, Eurasian Curlew
Numenius tahitiensis, Bristle-thighed Curlew
Catoptrophorus semipalmatus, Willet
Tringa melanoleuca, Greater Yellowlegs
Tringa totanus, Redshank
Calidris minuta, Little Stint
Crocethia alba, Sanderling
Family Recurvirostridae, Avocets, Stilts
Recurvirostra americana, American Avocet
Himantopus mexicanus, Black-necked Stilt
Family Phalaropodidae, Phalaropes
Family Burhinidae, Thick-knees
Family Stercorariidae, Skuas, Jaegers
Catharacta skua, Great Skua
Stercorarius pomarinus, Pomarine Jaeger
Family Laridae, Gulls, Terns
Larus glaucescens, Glaucous-winged Gull
Larus marinus, Great Black-backed Gull
Larus argentatus, Herring Gull
Larus ichthyaetus, Great B!ack-headed Gull
Larus ridibundus, Black-headed Gull
Larus atricilla, Laughing Gull
Larus Philadelphia, Bonaparte's Gull
Rissa spp., kittiwakes
Sterna hirundo, Common Tern
Sterna fuscata, Sooty Tern
Fami y Rynchopidae, Skimmers
Rynchops nigra, Black Skimmer
Family Alcidae, Auks, Auklets, Murres (Alcids)
Pinguinus impennis, Greak Auk (extinct)
Uria aalgej Common Murre
Fratercula árctica, Common Puffin
Lunda cirrhata, Tufted Puffin
Order Columbiformes
Family Pteroclidae, Sandgrouse
Pterocles exusius, Common Sandgrouse
Family Columbidae, Pigeons, Doves
Columba livia, Rock Dove; C. I. var, domestica, Domestic or
Common Pigeon
Zenaida asiática, White-winged Dove
Streptopelia decaocto, Collared Dove; S. d. var. domestica, Barbary
Dove
Streptopelia chinensis, Spotted Dove
Streptopelia senegalensis, Laughing Dove
Ectopisies migratorius, Passenger Pigeon (extinct)
Zenaidura macroura, Mourning Dove
Ptilinopus spp., a genus of fruit pigeons
Alectroenas spp., blue fruit pigeons
Goura cristata, Blue Crowned Pigeon

Order Psittacif ormes
Family Psittacidae, Lories, Parrots, Macaws
Strigops habroptilus, Owl Parrot
Ara spp., a genus of macaws
Aratinga pertinaz, Brown-throated Parakeet
Conuropsis carolinensis, Carolina Parakeet (extinct)
Amazona albifrons, White-fronted Parrot
Psittacula cyanocephala. Blossom-headed Parakeet
Melopsittacus undulatus, Budgerigar
Order Cuculif ormes
Family Musophagidae, Plantain-eaters, Turacos
Tauraco corythaix, Knysna Turaco
Musophaga spp., plantain-eaters
Corythaeola cristata, Grea' Blue Turaco
Family Cuculidae, Cuckoos, Roadrunners, Anis
Cuculus canorus European Cuckoo
Chrysococcyx cupreus, Emerald Cuckoo
Coccyzus americanus, Yellow-billed Cuckoo
Lepidogrammus cumingi, Scaled Cuckoo
Crotophaga spp., anis
Geococcyx californianus, Roadrunner
Coua ruficeps, Red-capped Coua
Coua caerulea. Blue Coua
Centropus sinensis, Common Coucal
Order Strigiformes
Family Tytonidae, Barn Owls
Tyto alba, Barn Owl
Family Strigidae, Typical Owls
Otus asio, Screech Owl
Lophostrix cristata. Crested Owl
Bubo virginianus, Great Horned Owl
Bubo bubo, Eagle Owl
Ketupa spp.. Oriental fish owls
Scotopelia spp., African fish owls
Strix aluco, Tawny Owl
Strix varia. Barred Owl
Asio otus, Long-eared Owl
Asio flammeuSf Short-eared Owl
Order Caprimulgiformes
Family Steatornithidae, Oilbird
Steatornis caripensis, Oilbird
Family Podargidie, Frogmouths
Family Nyctibiidae, Potóos
Family Aegothelidae, Owlet-frogmouths
Family Caprimulgidae, Goatsuckers, Nightjars
Chordeiles minor, Common Nighthawk
Caprimulgus vociferus, Whip-poor-will
Caprimulgus longirostris, Band-winged Nightjar
Macrodipteryx longipennis, Standard-winged Nightjar
Ordiir Apodiformes
Family Apodidae, Swifts
Chaetura spp., spine-tailed swifts
Apus apus. Common Swift
Apus affinis, White-rumped Swift
Family Trochilidae, Hummingbirds
Ensifera ensifera. Sword-billed Hummingbird
Archilochus colubris, Ruby-throated Hummingbird
Calypte anna, Anna's Hummingbird
Order Coliiformes
Family Cohidae, Colies or Mousebirds
Colius colius, White-backed Mousebird
Order Trogoniformes
Family Trogonidae, Trogons
Trogon spp., a genus of trogons
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Order Coraciiformes
Family Alcedinidae, Kingfishers
Megaceryle spp., a genus of large kingfishers
Ceyx spp.5 three-toed kingfishers
Family Todidae, Todies
Family Momotidae, Motmots
Momotus spp., a genus of motmots
Family Meropidae, Bee-eaters
Nyctyornis amida, Red-bearded Bee-eater
Fam'ly Coraciidae, Rollers
Family Leptosomatidae, Cuckoo-roller
Leptosomus discolor, Cuckoo-roller
Family Upupidae, Hoopoe
Upupa epops, Hoopoe
Family Phoeniculidae, Wood-hoopoes
Family Bucerotidae, Hornbills
Buceros hicornis, Great Hornbill
Bucorvus abyssiniens, Abyssinian Ground Hornbill
Bucorvus leadbeateri, Ground Hornb 11
Order Piciformes
Family Galbulidae, Jacamars
Gálbula spp., a genus of jacamars
Family Capitonidae, Barbets
Megalaima rubricapilla, Ceylon Small Barbet
Family Ramphastidae, Toucans
Pteroglossus beauharnaesii, Curl-crested Toucan
Family Picidae, Woodpeckers, Piculets
Calapiés auratus, Yellow-shafted Flicker
Colaptes cafer, Red-shafted Flicker
Picus viridisy Green Woodpecker
Dinopium spp., three-toed woodpeckers of India and Malaysia
Dryocopus pileatus, Pileated Woodpecker
Picoides spp., three-toed woodpeckers of northern Eurasia and
North America
Order Passeriformes
Family Eurylaimidae, Broadbills
Family Dendrocolaptidae, Woodcreepers
Campylorhamphus trochilirostris, Red-billed Scythebill
Family Cotingidae, Cotingas
Cephalopterus ornatus, Ornate Umbrella Bird
Family Pipridae, Manakins
Family Tyrannidae, Tyrant Flycatchers
Myiarchus crinitus, Great Crested Flycatcher
Family Oxyruncidae, Sharpbill
Oxyruncus cristatus, Sharpbill
Family Pittidae, Pittas
Pitta maxima. Great Pitta
Family Acanthisittidae, New Zealand Wrens
Acanihisitta chloris, Rifleman
Family Menuridae, Lyrebirds
Menura novaehoUandiae, Superb Lyrebird
Family Alaudidae, Larks
Mirafra sabota, Sabota Lark
Eremophila alpestris. Horned Lark
Family Hirundinidae, Swallows
Stelgidopieryx ruficollis, Rough-winged Swallow
Riparia riparia, Bank Swallow
Family Dicruridae, Drongos
Dicrurus paradiseus. Greater Racket-tailed Drongo
Family Oriolidae, Old World Orioles, Fairy Bluebirds
Irena spp., fairy bluebirds
Family Corvidae, Crows, Magpies, Jays
Cyanocitta cristata, Blue Jay
Aphelocoma coerulescens, Scrub Jay
Cissa chinensis, Green Magpie
Corvus brachyrhynchoSf Common Crow
Corvus corone, Carrion Crow
Corvus corax, Raven

Order Passeriformes—Continued
Family Cracticidae, Bell-magpies, Austriahan Butcherbirds
Cracticus torquatus, Gray Butcherbird
Family Ptilonorhynchidae, Bowerbirds
Chlamydera spp., a genus of bowerbirds
Family Paradisaeidae, Birds of Paradise
Paradigalla carunculata. Wattled Bird of Paradise
Cicinnurus regius, King Bird of Paradise
Diphyllodes spp.. Magnificent and Wilson's Birds of Paradise
Paradisaea apoda, Greater Bird of Paradise
Family Paridae, Titmice
Parus major, Great Tit
Family Certhiidae, Creepers
Family Timalildae, Babblers
Picathartes spp., rockfowls
Family Pycnonotidae, Bulbuls
Family Chloropseidae, Leafbirds
Family Troglodytidae, Wrens
Troglodytes aedon. House Wren
Fami y Mimidae, Thrashers, Mockingbirds
Mimus polyglottos. Mockingbird
Dumetella carolinensis, Catbird
Family Turdidae, Thrushes
Sialia sialis, Eastern Bluebird
Cochoa spp., cochoas
Turdus merula, Blackbird
Turdus philomelos, Song Thrush
Turdus migraioiHus, Robin
Family Regulidae, Old World Warblers
Regulus sátrapa. Golden-crowned Kinglet
Family Muscicapidae, Old World Flycatchers
Family Bombycillidae, Waxwings
Bombycilla cedrorum, Cedar Waxwing
Family Ptilogonatidae, Silky Flycatchers
Phainopepla nitens, Phainopepla
Family Artamidae, Woodswallows
Family Laniidae, Shrikes
Laniarius atrococcineus, South African Gonolek
Lanius ludovicianus, Loggerhead Shrike
Pityriasis gymnocephala, Bornean Bristle-head
Family Prionopidae, Helmet-shrikes
Prionops plumata. Plumed Helmet-shrike
Family Callaeidae, Wattled Crows, Huias, Saddlebacks
Callaeas cinérea. Wattled Crow or Kokako
Creadion carunculatus, Saddleback
Heteralocha acutirostris, Huia (extinct)
Family Sturnidae, Starlings
Lamprotornis spp., a genus of glossy starlings
Creatophora cinérea, Wattled Starling
Fregilupus varius, Bourbon Crested Starling (extinct)
Sturnus vulgar is, Common StarHng
Mino dumontii, Dumont's Mynah
Family Nectariniidae, Sunbirds
Family Vireonidae, Vireos
Family Parulidae, Wood Warblers (American Warblers)
Dendroica magnolia, Magnolia Warbler
Seiurus motacilla, Louisiana Waterthrush
Geothlypis formosa, Kentucky Warbler
Family Ploceidae, Weaverbirds
Poephila gouldiae, Gouldian Finch
Passer domesticus. House Sparrow
Family Icteridae, Blackbirds, Troupials
Icterus spurius, Orchard Oriole
Quiscalus quiscula, Common Grackle
Euphagus cyanocephalus, Brewer's Blackbird
Molothrus ater, Brown-headed Cowbird
DoUchonyx oryzivarus, Bobolink
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Order Passeriformes—Continued
Family Thraupidae, Tanagers
Tangara mexicana, Mexican Tanager
Tangara nigrocincta, Masked Tanager
Tangara chilensis, Red-rumped Paradise Tanager
Piranga olivácea, Scarlet Tanager
Family Catamblyrhynchidaej Plush-capped Finch
Catamhlyrhynchus diadema, Plush-capped Finch
Family Fringillidae, Grosbeaks, Finches, Sparrows, Buntings
FringiUa coelehs, Chaffinch
Serinus canaria, Serin; S. c, var. domestica, Canary
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Order Passeriformes—Continued
Family FringiUidae, Grosbeaks, Finches, Sparrows, Buntings—Con.
Carduelis chloris, Greenfinch
Carduelis tristis, American Goldfinch
Acanthis flammea, Common Redpoll
Loxia curvirostra, Red Crossbill
Coccothraustes coccothraustes, Hawfinch
Cardinalis cardinalis, Cardinal
Pheucticus ludovicianus, Rose-breasted Grosbeak
Junco spp., juncos
Calcarius spp., longspurs

Appendix B: Latin-English Equivalents for Terms
Used in this Volume
The function of Appendix B is to bring together in one
place the Latin and EngHsh equivalents for most of the names
used in this volume. Some of the names are new. Scientific
names used in text and for labels of illustrations are usually in
English. When first used or when used within the subject
matter of which it is a part, a term is generally followed by the
Latin equivalent, which is itahcized and in parentheses.
Material in this section is discussed and organized by
subjects rather than by alphabet on the assumption that this
kind of organization would be most useful to the reader
because it gives him the opportunity to compare, study, and
evaluate related terms.
The format followed and the selection of most major
headings have been that of the Nomina Anatómica as
prepared and revised for the Third Edition (1966) by the

International Anatomical Nomenclature Committee. Numerous additions and changes have been made in topic
headings and in entries. Definitions have been modified to fit
the birds rather than man or other mammals. Such subjects
as skeletal, muscular, vascular, and nervous systems have
been omitted because they constitute subject matter of
subsequent volumes. Moreover, to date, there has not been
an opportunity to evaluate critically the terminology to be
used for the parts of these organ systems. In this volume
Latin terms are sometimes used in text and illustrations
rather than the English equivalents. We hope that more of
this will be done in future volumes because most scientists
find it easier to translate from Latin to their native language
rather than the reverse.

Nomina Anatómica Pro Avi (Anatomical Nomenclature for the Bird)
SITUM ET
DIRECTIONEM
PARTIUM
CORPORIS
Ahoralis
Anterior^
Ascendens
Carpalis
Caudalis^
Centralis
Centrifugus
Centripetus
Coronalis
Cranialis
Befevens
Descendens.
Dexter
Dorsalis
Efferens
Externus
Frontalis
Horizontalis
Inferior
Intermedius
Internus
Laterialis
Longitudinalis
Medialis
Medianus
Médius
Peripheria
Posterior^
Profundus

LOCATION AND
DIRECTION OF
PARTS OF THE
BODY
Aboral.
Anterior.
Ascending.
Carpalad.
Caudal.
Centrally.
Centrifugal.
Centripedal.
Coronal.
Cranial.
Carrying down.
Descending.
Right.
Dorsal.
Efferent, away from.
External.
Frontal.
Horizontal.
Lower.
Intermediate.
Internal.
Lateral.
Longitudinal.
Medial.
Median.
Middle.
Periphery.
Posterior.
Deep.

Rostralis^
Sagittalis.
Sinister
Suborbiialis
Superficialis
Superior
Transversalis
Transversus
Ventralis
Verticalis

Rostral.
Sagittal.
• Left.
Suborbital.
.Superficial.
Upper.
Transverse.
Transverse.
Ventral.
Vertical.

1 At present, anterior and posterior as applied to man refer to his
ventral and dorsal surfaces, respectively. Those concerned with terminology in veterinary anatomy tend to avoid the use of anterior and
posterior. They substitute cranialis or rostralis for anterior and caudalis
for posterior. This seems unnecessarily restrictive. The original error
in the application of anterior and posterior was made by those describing
the anatomy of man, but the terms have been used correctly by anatomists who described other quadrupeds. In our opinion, the terms
should be retained and used to designate cephalic and caudal directions
in animals. Perhaps in the course of time, anterior and posterior will
be redefined in human anatomy. Schreiber (1960: 55) has written
strongly on this sub"ect:
The unity of anatomy was sacrificed on the altar of science
on behalf of cHnicians and practising physicians. The most
drastic change was made by introducing the upright position
as the standard position. The hope that an anatomic nomenclature for general and international use might be evolved, has
been frustrated. Nomina anatómica corporis humani was
born, not nomina anatómica.
Now the representatives of veterinary anatomy, comparative anatomy, zoology, palaeontology, embryology, histology,
biology, and genetics must join to overcome the nomenclatural
difficulties resulting from the N.A.P. [Nomina anatómica
Parisiensia (1955)].
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TERMINI AD
MEMBRA
SPECTANTES
AbaxiaHs
Axialis
Distalis
Femoralis.
Fibularis...
Palmaris^. .
Plantaris.
Pî'oximalis
Radialis
Tibialis
,
Ulnaris

TERMS
REFERRING TO
APPENDAGES

Abaxial.
. . . Axial.
Distal.
.Femoral.
Fibular.
Palmar.
.Plantar,
Proximal
Radial.
Tibial.
Ulnar.

TERMINI
GENERALES'

Anatomia, anatómica
Anconj anconis
Angulus
Ansa
Antrum.
Anulus
Anus
Aorta
Apertura
Apex
Aponeurosis.

GENERAL TERMS

Abdomen, abdominis
Ahducens
Abductor
Aberrans
Accessorius
Acinus
Acron, acronis
Acumen
Acuius
Adductor
Adeps, adipis.
Adhesio.
Adiposus
Aditus
Adminiculum
Adultus
Adventitius.
AeroAfferens
Affixus
^gg^'i^
Ala
Alaris
Albicans
Albugineus
Albus.
Alimentarius.
Alveolus.
Alveus

Ambiguus
Ampulh
Anastomosis.,

Abdomen.
Abducent, drawing away, causing separation.
Abductor.
Aberrant.
Accessory.
Acinus.
Extremity, topmost, tip.
Point.
Acute, sharp.
Adductor.
Fat.
Adhesion.
.Fatty.
Entrance.
....... . .Supportor.
Adult stage.
A covering (applied to an organ or part
that comes from outside tissues).
Air.
Afferent.
Attached.
Eminence, projection.
Wing.
. .Winged.
Whiten,
Whitish.
Pure white.
Alimentary.
Small cavity.
Cavity.

2 Palmaris is seldom used for birds because the hand is an integral
part of the whole wing, thereby making it more appropriate to use
dorsal and ventral, not only for the total wing but for each of its parts.
The anatomical position for the bird is considered to be one in which the
wings are extended laterally. Therefore, the surfaces of the wings, are
dorsal and ventral rather than lateral and medial.
^The nominative form of the Latin is given in the left-hand column.
In some instances this is followed by the genitive, if this would be helpful in identifying the declension. English equivalents are given the
right-hand column, usually a single word or a short series of words
expressing alternate meanings. Definitions are generally omitted because they can be found in such standard medical dictionaries as Dorland's (1957), Stedman's (1961), and MacNalty's (1963). Brief definitions are given to words whose meanings when applied to birds are
different from those usually accepted when apphed to mammals.

Apophysis..
Apparatus
Appendix
Apterium
Apterialis
Aqueductus
Aquosus.
Arachne...
Arbor
Arcuatus.
Arcus
Area
Areola
Arrector
Arteria
Arteriola
Articulatio
Arytena
Asper
Associus
Atavus
Atrium
Auditus
Auricula"^
Auris
Autonomicus
Axilla
Axis
Barba

Barbula
Basilicus.
Bccsis
Biceps
Bicornis
Bifidus
Bifurcus
Blastus
Brachium. .
Branchia

,

Ambiguous,
.Ampulla, a saccular dilation of a canal.
Anastomosis, a connecting union between
similar or dissimilar blood vessels, interconnections between nerves.
Anatomy.
Elbow.
Angle.
Loop.
Antrum, a nearly closed cavity, often a
cavity surrounded by bone,
Ring.
Anus.
Aorta.
Aperture, opening.
Apex, summit or tip.
Aponeurosis, a connective tissue sheet
that functions as a tendon.
Apophysis, outgrowth or projection on
bone.
Apparatus.
Appendix, appendage.
A space on the body surface without contour feathers.
Apterial,
Canal.
Watery.
Web, like a spider's web.
Tree.
Arched.
Arc, bow.
.Area.
Small area.
Erector.
Artery.
Arteriole.
Joint.
Arytenoid.
Rough.
Associating, union.
, . .Atavism.
Atrium.
. .Sense of hearing.
A mobile flap of skin that covers an expanded external meatus in some owls.
Ear.
Autonomie nervous system.
Axilla, armpit.
Axis.
i. Barb, a side branch from the rachis of
a feather.
2. Beard of the turkey.
Barbule, a side branch from the barb of
a feather.
BasiHc.
Base.
A muscle having two heads.
Bicornate, having two horns.
Bifid, cleft or divided into two parts.
Bifurcate, having two prongs or points.
Blast, primorial or undifferentiated cell.
Arm, upper arm.
Gill (applied to certain skeletal and other
structures derived from the gill arches
of the embryo).

^ Pinnae of mammals do not exist in bird?
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Brevis
Bronchiolus
Bronchus

Short.
Bronchiole.
Bronchus, terminal division of the windpipe.

Bucea
Buccina
Bulhus
Bulla
Bursa

Fleshy portion of the cheek.
Buccinator (applied to muscle of cheek),
Globular or fusiform structure.
A large vesicle filled with ñuid or air.
1. A closed sac located at friction points
and filled with fluid (e.g., sternal bursa).
2. A dorsal evagination of the proctodeum
having walls infiltrated with lymphocytes.
Calamus
Shaft of a feather within the follicle.
Calcaneum
Calcaneus, heel bone.
Calcar, calcaris
Cock's spur.
Caliculus
A small calyx.
Calix
Calyx, an organ or cavity having a cup
or pear shape.
Callosus
Hard, thickskinned.
Calx, calcis
Lime or chalk, heel.
Camera
Closed cavity (applied to the eye).
Canaliculus
A small canal.
Canalis
Canal or channel.
Cancellus.
Spongy (applied to bone).
Canthus
Angle of eyelid slit.
Capillaris
Capillary.
Capitalis
Pertaining to the head.
Capitatus
Head shaped, hemispheric, having a head.
Capitulum
Small, rounded elevation, a little head.
Capsula
.Capsule.
Caput
Head.
Cardia
Esophageal opening of the stomach.
Cardiacus
Relating to the stomach.
Carina
Keel.
Carinatus
Keeled.
Carneus
Fleshy.
Carpus
Wrist.
Cartilago, cartilaginis
Cartilage.
Carúncula
Fleshy protuberance.
Catinulus
A small plate, axial plate of a barb ridge.
Cauda
Tail.
Caverna
A pathological cavity.
Cavum
Hollow (appHed to nearly all cavities of
the body).
Cavus
Caval (caeval) (e.g., vena cava).
Cecum {caecum)
Cecum (caecal), a blind diverticulum of
the intestine.
Cecus (caecus or coecalis) . .Cecal (caecal), pertaining to the caecum,
having a blind end.
Celiacus
CoeUac, pertaining to abdomen.
Celia
Cell
Cellula
A small cell or compartment.
Centrum
Center, body of a vertebra.
Cephalicus
Pertaining to the head.
Ceratobranchia
First, segment of the hyoid cornu, caudal
to basihyal.
Cerebellum
Cerebrum
Ceruleus
Cervix
Chiasma
Chorda
Choroidea
Chroma
Chylus

Cerebellum.
Cerebrum.
Dark blue.
Neck.
Two crossing lines or members.
Cord.
A vascular membrane.
Color.
Related to chyle, a fluid in the intestinal
lacteals.

Cilium
Cinereus
Cingulum
Circellus
Circulus
Circumferentia
Circumflexus
Cisterna
Claustrum
Clavicula
Clidium
Clinoideus
Clivus
Cloaca
Clunis
Cnemis
Coccyx
Cochlea
Collateralis
Colliculus
Collum.
Columna
Comes, comitis
Commissura
Communis
Compactus
Compressor
Concha
Condylus
Conexus
Confluens
Congenitus
Conjugatio
Conjunctivus
Constrictor
Conus
Convexus
Convolutus
Corium
Coracicus
Cornea
Corneum
Corneus
Corniculatus
Cornu
Corona
Corporalis
Corpus
Corpusculum
Corrugator
Cortex, corticis
Costa
Cotyla
Coxa
Cranium
Crassus
Crena
Crihriformis
Cribrosus
Cricoideus
Crista
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A smaU bristle found on the edge of the
eyelid.
Gray matter of nervous system.
Girdle (pectoral and pelvic), bands of
fibers in the brain.
A small circle, circlet.
A small circle.
Circumference.
Bend about or back.
A large closed space.
A thin layer (of gray matter).
Clavicle.
Pertaining to a clavicle.
A process of sphenoid bone.
A sloping surface.
Cloaca.
Buttocks.
Shin.
Bones of the tail, caudal to synsacrum and
excluding the pygostyle.
Cochlea.
Collateral.
A small elevation.
Neck, a constricted part of an organ.
Column.
Accompanying (applied to nerves and blood
vessels).
Joining together.
Common.
Compact.
Compressor (applied to a muscle or a part).
Shellshaped.
Knob or knuckle of a joint.
Connection.
Flowing together.
Congenital.
Combining.
The thin membrane covering the eye and
lining the hds.
Constrictor.
Cone.
Rounded.
Convoluted.
Dermis.
Coracoid.
Cornea (applied to the eye, also used as
the plural of corneum).
Cornified layer of skin and its appendages.
Corneous, horny.
. .Smallhorn.
A horn.
Crown.
Pertaining to the body.
Body.
Small body, corpuscle.
Wrinkle.
Cortex.
Rib.
Hollow, socket.
Hip.
Cranium.
Thick.
Indentation, cleft.
Sievehke.
Pertaining to a sieve.
Ring shaped, cricoid cartilage.
Comb, crest.
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Crucia'us
Crus y cruris.
Cuhitum.
Culmen, culminis.
Cumulus.
Cuneus
Cúpula
Curvatura
Cuspis, cuspidis
Cutícula
CutiSj cutis
Cytus
Declive, declivis
Decussatio,
Definitivus
Delta

Cross.
Leg, shank (structure resembling a leg).
Elbow.
Culmen (middorsal line of the upper beak).
. A small mound, a small collection.
Wedge shaped.
Cup shaped.
Curving, arching.
Point.
Cuticle.
Skin.
Cell (cyte).
Declivity, sloping downward.
. Decussation, to cross in the form of an X.
Definitive stage.
1. A triangular area.
2, Fourth letter of the Greek alphabet.
Dens, dentis
A toothUke process.
Densus.
Thick.
Diintioulatus
Finely notched.
Depressor
Depressor.
Dermis
Layer of skin below epidermis.
Detrusor
Push down.
Diaphragma
Diaphragm.
Diaphysis
Shaft of a long bone.
Diastema
Cleft, space.
Diencephalon
Diencephalon.
Digastricus
With two bellies.
Digitalis
Pertaining to the digits.
Digitus
Finger, toe.
Dilator
Dilate,
Diploë.
Diploë, spongy bone between tables of
bone.
Discus................... Disk.
Distantia
Distance, between two points.
Diverticulum.
An outpocket from a tube or a cavity.
Dorsum^
Dorsum.
Ductulu^
Small duct.
Dudus.
Duct.
Duodeni
Duodenum.
Duru^
Hard.
Efferens
Efferent, away from.
Ejaculatoriu3
Ejaculatory, ejaculation channel.
Elasticus
Elastic.
Ellipsoideus
Ellipsoid.
Eminentia
. Eminence, pTotuberance.
Emissarius
Emissary (applied to veins within the skull).
Encephalon
Brain.
Endothelium.
Lining layer of vascular system.
Entericus
Related to intestines.
Ependyma
Lining of brain ventricles.
Epibranchia,
Distal segment of hyoid arch.
Epicondylus.,
An eminence above a condyle.
Epidermis
Epithelium of the skin.
Epididymis.
Epididymis, convoluted sperm duct leading
to vas deferens.
Epiphysis.
1. Pineal body.
2. End of a long bone.
Epithelium
Epithelium.
Equator.
Equator.
Erector
Erector.
Esophagus
Esophagus.
Excavatio
Excavation.
Extensor
Extensor.

Extremitas
Fades
Falxjalcis
Fascia

Fasciculus
Fauces
Fenestra
Fibra. .
Fibrilla
Fibrocartilago, flbrocartilaginis.
Filamentum.
Filum
Fimbria.
Fissura
Flavus
Flexor
Flexura
Folium.
Folliculus
Fonticulus
Foramen
Formans
FormatiOjformationis.
Fornix, fornicis
Fossa
Fossula
Fovea
Foveola
Frenulum
Frons,frontis
Fruticulus
Fundus
Funiculus
Furca
Fuscus
Fusus.
Fusiformis
Galea
Galerus.
Ganglion
Gaster
.
Gelantinosus
Generatio, generaiionis
Genesis
Geniculum
Genitalis
Gens, gentis
Genu
German, germinis.
Germinativus
Ginglymus
Glándula,
Glans, glandis
Globus
Glomerulus
Glomus, glomeris
Gluteus

Extremity.
Face, surface.
Sickle shaped.
A sheet of dense connective tissue that
covers skeletal muscles, separates bundles, and forms an investment of intrinsic nerves and muscles.
A small bundle.
Throat, oropharyngeal passageway,
Opening in wall.
Fiber.
A small fiber or part of a fiber.
Cartilage containing many connective tissue fibers in matrix.
Filament, delicate thread.
Threadlike form of a structure or part.
Fringe (fringelike edge of infundibulum of
oviduct).
.Cleft,
Golden, yellow.
Flexor.
Bend, fold.
Leaf like structure.
Small bag or sac (follicle).
Fontanel.
Opening, aperature (through a bone or a
membranous structure.)
Forming a shape, shape giving.
Formation.
Arch, arcade.
Trench, depression.
Small depression.
Pit, cup, small depression.
Small pit.
Small fold of integument or mucous membrane.
.Forehead.
Bushy.
Base of hollow organ.
Cord, column.
Fork shaped.
Dark colored, black.
Spindle.
Spindle form.
Aponeurosis over cranium.
.Cap.
Ganglion.
Stomach.
Gelatinous.
Generating, genie.
Coming in'o being.
Sharp (kneelike) bend.
Genital.
Generation.
Knee.
Germ, a group of cells or tissues from which
a future part or organism can develop.
Germinative, a germ or part, capable of
development.
Hinge, joint.
Small gland.
Gland.
Round body.
Ball like.
Ball.
Certain muscles of the thigh, buttock.
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Gonys (genys)

Midventral line of lower beak, the line of
the symphysis mandibulae.
Gracilis
Slender.
GranulatiOj granulationis... A small granule.
Griseus
Black or brown spots on a hght color or
on white.
HalluXf hallucis
First toe.
Hamatus
Having hooks.
Hamulus
Small hook.
HelUcinus^
.Coiled (applied to bloodvessels).
Hemispherium
Lateral half of cerebrum, optic lobes or
cerebellum.
HepaVj hepatis
Liver.
Hiatus
Cleft.
Hilus
Depression in an organ associated with
entrance of nerves and vessels.
Hippocampus
Curved structure on floor of lateral ventricle.
Humor
Body fluid.
Hyalinus
Glassy.
Hyhrida
Hybrid.
Hyoideus
Pertaining to the hyoid.
Hypoglossus
Located below the tongue.
Ileum
Ileum.
Iliacus
A small muscle originating on the ilium.
Ilium
Ilium, the dorsal bone of the pelvic girdle.
Impar, imparts
Not paired.
Impendens, impendeuntis.. . Overlap, hanging over.
ImpressiOf impressionis
Indentation.
Imus
Lowest.
Inceptus
Incipient.
Indsura
Notch, cut, incision.
Indsus
Incised.
Index, indicis
First finger, forefinger.
InfraOn the underside, below, underneath.
Infundibulum
Funnel-shaped passage.
Ingluvies
Crop.
Inguen, inguinis
Groin.
Integumentum
Integument.
Inter calatus
Intercalated, interposed.
Intersection intersectionis.... Intersection.
Interstitium
Interstice, a small interval or space in a
structure.
Intestinum
Intestine.
Intima
Innermost (layer of an artery).
IntraOn the inside, within.
Introitus
Entrance to a cavity or a tube.
Intumescentia
Swelling.
InvaginatiOy invaginationis.. Invagination.
Iris, iridis
Iris, of the iris.
Ischiadicus
Ischial.
Ischium
Ischium.
Isthmus
Isthmus.
Jejunum
Jejunum.
Jugulum
Jugular, pertaining to the neck.
Jugum
Two structures joined by a ridge or groove.
Junctura
Junction, joint.
Juvenalis
Juvenile, youthful.
Labium
Lip-shaped organ.
Labrum
Edge, margin, lip.
Labyrinthus
Intercommunicating passages.

6 Helix, in man, refers to the C-shaped folded margin of the auricle.
An auricle is absent in birds. In avian anatomy, the term ''helicine"
has been apphed to the coiled blood vessels of the frontal process of
the turkey. It appUes as well to coiled vessels in other parts of the
avian body.

Lacerus
Lacrima
Lacuna
Lamina
Laryngeus
Latissimus
Lotus
Laxus
Lemma
Ler>,s, lentis
Levator
Levis,
Liber
Lien, lienis
Ligamentum
Limbus
Limen, liminis
Liniitaneus
Linea
Lingua
Lingula
Liquor
Lolulus
Lohus.
Locus
Longissimus
Longus
LOT urn
Lucidus
Lumbricus
Lumbus
Lunatus
Luteus
Lympha
Lymphaticus
Macula
Magnus,
Major
Mala
Mandibula
Manubrium
Manus
Margo, marginis
Massa
Masticatus
Mastoideus
Mater, matric
Matrix, matricis
Maxilla
Maximus
Meatus
Medianum
Mediastinum
Medulla
Mdania
Membrana
Membrum
M minx, meningis
Meniscus
Mentum
Mesothelium
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Ragged.
A tear.
Small pit, depression.
Thin layer.
Laryngeal.
Broadest.
Side, flank.
Wide, loose, open.
Thin layer.
Lens, of the lens.
A muscle that raises a part,
Smooth, Hght.
Voluntary.
Spleen.
Ligament.
Border, edge.
.Threshold, boundary line.
Situated on the borders.
Line.
Tongue.
Tongue shaped.
Liquid.
Lobule.
Lobe,
Place, spot.
Longest.
Long.
Lore, a feather tract on the face between
base of beak and eye.
Clear, bright.
Slender muscle between metacarpals and
metatarsals.
Loin.
Cresent shaped.
Scattered large cells peripheral to a follicle
of a discharged ovum.
Lymph.
Lymphatic, pertaining to lymph.
Spot, different in color but not raised above
surrounding level.
Great.
Major.
Jaw.
Mandible, lower jaw.
The median anterior process of the sternum.
Hand.
Margin, edge, border.
Mass.
Mastication, chewing.
Mastoid, spaces originating from the middle ear penetrating adjacent bone.
Mother layer, applied to two of the meninges, dura mater and pia mater.
Supporting framework of an organ.
Maxilla, upper jaw.
Largest.
A canal or an undercut passageway.
Middle part.
A median partition or septum.
Medulla, marrow.
Blackness, black spots.
Membrane.
Limb, apendage.
Meningeal membrane.
Meniscus.
Chin.
A layer of flattened mesodermal cells that
line the body cavities.
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Metacarpus
Metatarsus
Minimus
Minor
Mitra
Molecularis
Molis.
Monile
Mons,montis
Monticulus
Motor.
Mucosus
Mucus
Multifidus
Musculus
Ataris.
Nasus
Nervus
Neuras
Nictitans, nictitantis
Niger
Modulus
Nodus
Nomen, nominis
Norma
Nucha
Nucleolus
Nucleus
Nutricius
Obliquus
Obturator
Occiput, occipitis
Occidtus
Oculus
Olfactus
Oliva
Omentum
Omphalos
Omus
Operculum.
Ophtalmicus
Ora
Orhicularis.,
Orhiculus
Orbita
Ordo, ordinis
Organum
Orificium.
Origo, orHginis.
Os, oris
Osy ossis.
Ossiculum
Ostium
Oticus
Ovarius
Ovum
Falatum
Palea
Palear,
Pallium.
Palma
Palmaris
Palpehra
,

GENERAL TERMSGontinued
Hand between wrist and fingers.
Foot between ankle and toes.
Least.
Less,
Mitral (valve).
Molecular.
Soft.
Collar.
Eminence, of an eminence.
Small eminence.
Motor.
Related to mucus.
Mucus.
Multifid, divided into many parts.
Muscle.
Opening of nose, anterior or posterior.
Nose.
Nerve.
Relating to the nerves or the nervous system.
Nictitating (membrane), third eyelid.
Dark, black.
Small node.
Node.
Name.
Boundary line defining the cranium.
Nape of the neck.
Nucleolus.
Nucleus.
Nourishing.
Slanting, oblique.
Structure that closes an opening.
Base of head.
Hidden, concealed.
Eye.
Olfaction.
. Olivary (body).
Omentum.
Umbilical.
. Shoulder.
Cover.
. Relating to the eye.
Border, margin, boundary.
Orbicular.
Disk or small circle.
Orbit.
Row.
Organ.
Opening to a body cavity.
Origin.
Mouth.
Bone.
Small bone, ossicle.
Mouth, orifice
Aural.
Ovary.
Ovum,
Palate.
Wattle.
Dewlap.
Cortex.
Palm.
. Related to the palm.
Eyelid.

Painpinoformis
Panniculus
Papilla. .
Papillatus
Papyraceus
Paraganglicn. .
ParasympatMcus
Parenchyma, parenchy7natis.
Paries, parietis
Pars, partis
Parvus
Patagium
Peden, pectinis

Form of a tendril.
A flat, small growth.
Papilla.
Papillary.
Parchmentlike, membraneous.
Chromaffin body.
Craniosacral part of the autonomie nervous
system.
Specific tissue of an organ or gland.

Wall.
Part, of a part.
Small.
Winglike membrane.
Pectén, a vertical, pigmented, vascular
membrane implanted on the optic
nerve and projecting into the posterior
chamber of the eye.
Pectus, pectoris
Chest, breast.
Pedalis
, Pertaining to foot.
Peduncuhis
Stalk, column, peduncle.
Pellucidus
Translucent.
Pelvis
Pelvis.
Pelvinus
Pelvic.
Penna
Feather, contour feather.
Pennatus
Feathered.
Perforaius
Pierced with holes.
Perichondrium
Tissue covering cartilage.
Periosteum,
Tissue surrounding bone.
Peritoneum^. .
Peritoneum.
Permanens, permaneniis.... Permanent, enduring.
Perpendicularis
Perpendicular.
Peroneus
Referring to outer or fibular side of leg.
Pes, pedis
Foot.
Petiolus
Stem, pedicle.
Petra
Rock.
Petrosus
Hard.
Phalanx, phalangis
Phalanx.
Phallus
Rounded or elongated elevation on the
midline of the ventral proctodeal fold.
Pharynx, pharyngis
Pharynx.
Pigmentum
Pigment.
Pinea
Epiphysis.
Piriformis
Piriform.
Pisiformis
Pisiform.
Pituita
Pituitary.
Pius
Pia.
Plantaris
Referring to sole of the foot.
Planus.
Even, level, flat.
Plasma
Plasm.
Pleura
Pleura.
Plexus, plexus
Plexus.
Plica
Fold, ridge.
Pluma
Down feather.
Plumeus
Downy.
PluriMore, used as a prefix.

^The terms ''peritoneum" and ''pleura'' are sharply distinguished
when applied to mammals. Both terms are used in avian anatomy with
the intent of retaining the meanings used in mammahan anatomy.
However, the application is difficult because in birds (1) abdominal
and pleural cavities are not fully separated by a diaphragm; (2) air
sacs evaginating from the lungs carry with them a pleural membrane, and
some may press against the abdominal wall and fuse with the parietal
peritoneum; and (3) the abdominal cavity of birds is divided into two
cavities—one containing the liver and the other containing the remainder of the abdominal organs.
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Pneumaticus
Related to air and to respiration.
Pollex, pollicis
Thumb.
Polus
Pole.
PonSy pontis
Bridge.
Poples, poplitis
Poples.
Porta
Entrance, passageway.
Portio^ portionis
Part, division.
Poms
Passage, channel, opening.
Primus
First, foremost.
Princeps, principis
Chief, head.
Prisma, prismatis
Prism.
Processus, processus
Process.
Prominens, prominentis.... Prominent.
Promontorium
Projecting process.
Pronator.
Pronator.
Propior
Nearer.
Proprius
Particular, proper.
Proximus
Nearest.
Pterygoma, pterygomatis
Wing shaped.
Pteryla
Feather tract.
Ptilus
Feather.
Pubes
Pubis.
Pudendus
Pudendum.
Pulmo, pulmonis
Lung.
Pulpa
Pulp.
Pulposus
Pulpy.
Pulvinus
Cushion.
Punctum
Point.
Pupilla s. pupus
Pupil of the eye.
Pupillaris
Pupillary.
Pyga
Rump, buttocks.
Pylorus
Pylorus.
Pyramis, pyramidis
Pyramid.
Quadrangulum
Quadrangle.
Quadratus
Squared.
Quadriceps, quadricipitis. , . Four headed.
Pachis
Shaft of a feather distal to the folHcle.
Radiatio, radiationis
Radiation.
Radix, radiais
Root.
Ramus
Branch.
Raphe
Ridge or furrow, joining symmetrical parts.
Recessus, recessus
Recess.
Rectrix, rectrices
Quills of the tail.
Rectus
Straight.
Recurrens, recurrentis
Recurrent.
Reflexus
Reflex.
Regio
Region.
Remex, remigis
A primary or secondary quill.
Ren, renes
Kidney, of the kidney.
Renalis
Related to the kidney.
Respiratio, respirationis.... Respiration, of the respiration.
Rete
A network of nerves, small arteries,
or veins.
Reticulum
Reticulated, like a net.
Retinaculum
A holdfast band.
Retractor
Retractor.
Retroflexus
Retroflexion.
Retrogressus
Degeneration.
Rhamphus
Beak.
Rhamphotheca
Horny sheath of the beak, the corneum.
Rhomhoides
Rhomboid.
Rictus
Rictus, a triangular area of soft skin joining
the beaks. The jaw musculature identifies its caudal limit.
Rima
Cleft, fissure.
Rostrum.
Beak.
Rotundus
Evenly round.
Ruher
Red.

Rudimentum
Ruga
Sacculus
Saccus
Sacrum
Saeta

Saliva
Sanguis, sanguinis
Scala
Scalenus
Scapus
Sceletus
Sciera
Scutum
Sehaceus
Sebum
Secretum
Sectio, sectionis
Secundus
Segmentum
Sella

Semen, seminis
Sensorium
Sensus
Septulum
Septum
Serosus
Serratus
Serum
Sesamoides
Sigmoideus
Simplex, simplicis
Singularis
Sinus, sinus
Solitarius
Solum
Spatium
Sperma, spermatis
Spermaticus
Sphenoidalis
Sphericus
Spheraides
Spiculum
Spina
Splanchinicus
Spondylus
Spongiosus
Spurius
Squama
Squamosus
Status, status
Stella
Stellatus
Stoma, stomatis
Stomachus
Stratum
Stria
Striatus
Stroma, siromatis
Stylus
Suhcutis
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Rudimentary.
Wrinkle, crease, ridge.
A small sac.
Sac, bag, pouch.
Sacrum.
Bristle. A feather composed of a bare rachis
except for a few barbs that may
persist at the base.
Saliva.
Blood.
Scala, applied to each longitudinal passageway of the inner ear.
Scalene.
Shaft.
Skeleton.
Hard.
Scute, scale.
Greasy or fatty.
Fatty secretion of a sebacceous gland.
Secrete.
Section, division.
Second.
Segment.
Depression, used only in combination with
turcica to name the pit on the dorsal
surface of the sphenoid bone, in which
the hypophysis cerebri is located.
Semen.
Sensory nerve center.
Faculty of perceiving, feeling.
A small septum.
Septum, partition.
Serous.
Sawlike edge.
Serum.
A small bone within a tendon.
S-shaped.
Simple.
Single.
Sinus, cavity, dilated channel.
Alone, by itself.
Lowest part, bottom, base.
A limited space.
Sperm.
Spermatic, seminal.
Sphenoidal, relating to the sphenoid bone.
Spherical, relating to a sphere.
Sphere shaped.
Spicule.Spine, backbone, thorn.
Related to the viscera.
A joint of the spine, a vertebra.
Spongy, porous.
, , False.
A scale or resembling a scale.
Scaly.
Status, condition.
Star.
Starry.
A small opening.
Stomach.
Layer.
Streak, line, narrow band.
Having striations or fluting.
Matrix.
Rod shaped.
Layer beneath the dermis, subcutaneous
layer.
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Suhstantia
Succus
Sudor, sudoris
Sulcus.
Supercilium
Siipinus
Supremus
Sura
Suspensus
Sustentaculum
Sutura
Sympathicus

Substance, contents.
Juice, moisture.
Sweat, perspiration.
Groove.
Eyebrow.
Lying on the back.
Highest, uppermost.
Calf of the leg.
Raised, elevated, suspended.
A support, prop.
A seam, suture.
Sympathetic, part of the autonomie nervous system.
Symphysis
Symphysis (a growing together).
Synchondrosis
Synchondrosis, adjacent bones united by
cartilage.
Synovia
Fluid of a joint cavity.
Sysiema, systematis
System, a whole composed of parts.
Tactus
Touch.
Tactilis
Related to touch.
Tarsometatarsus'^
Tarsometatarsus.
Tarsus
......,., Tarsus.
Tectorius
Roof.
Tectrix, tectrices
Covert feathers on wing and tail.
Tectum
Cover, roof.
Tegmen, tegminis
Cover.
Tegmentum
A covering.
Tela
A weblike tissue or structure.
Tempus, temporis
Temple.
Tendo
Tendon.
Tenia
Tenia, a band.
Tensor
Tensor.
Tentorium
Tentlike.
Tenuis
Thin, fine.
Teres, teretis
Rounded in cross section.
Tertius
Third.
Terminalis, terminationis.. .Terminal
Terminatio
Termination.
Textus, textus
Tissue,
Theca
Sheath.
ThoraXy thoracis
Chest, breast.
Tomium
Tomium, a cutting edge of the beak.
Tonsilla
Tonsil.
Tortuosus
Tortuous, winding.
Torus
Protuberance.
Trahecula
Trabecula.
Tracius, iractus.
Tract.
Transitio, transitionis
Transition.
Transversus,
Lying across, crosswise.
Trigonum
Triangle.
Trochlea
A structure that moves across some fixed
tissue, a pulley.
Truncus
Trunk.

^ The individual tarsal bones of the embryo are fused in the older
bird—some to the tibia and some to the metatarsus. The articulation
of crus and metatarsus is by an in ter tarsal joint—a tarsometatarsal
joint being absent in birds.

Tuba,.
Tuber, tuberis.
Tuberculum
Tuherositas

.Tube.
.Protuberance, swelling.
Small protuberance, small swelling.
Tuberosity, a broad elevation usually on
bone.
Tuhulus
A small tube.
Tubus
A tube.
Tunica
Membrane, coating, tunic.
Tympanum
Middle ear cavity.
Umbo, umbonis
Projection from a rounded surface.
Umbilicus
Umbilicus,
Uncinatus
Uncinate.
Uncus
Hook.
Unguis
Nail, claw, talon.
Unus.
Uni- or mono-.
Urina
Urine.
Uterus
Uterus.
Utricidus
Utricle.
Vacuola
Vacuole.
Vagina
,
Vagina, a sheath, the portion of the oviduct
that joins the cloaca.
Vagus
Vagus.
Vallecula.
Depression, furrow.
Vallum
Outer circular wall of a groove raised above
the center plane.
Valva
Valve or valvelike,
Valvida
,
A small valve.
Vas, vasis
Vessel.
Vascidaris
Vascular.
Vastus
Broad, immense.
Velum-.
Covering, curtain, veil.
Vena
Vein.
Venter, ventris
Belly, belly side.
Ventriculus
Small belly.
Vénula
Venule, a small vein.
Vermis
A worm or serpent-shaped structure.
Vertebra
Bones of the spinal column.
Vertex, veriicis
Top or crown of the head.
Verus
An elevation marking the entrance of a
duct.
Vesica
Bladder, bUster.
Vesicalis
Referring to bladder.
Vesicula
Vesicle.
Vestihulum
Vestibule.
Vestibularis
Referring to a vestibule.
Vestigium—
Vestigial.
Vexillum
Vane of a feather.
Vibrissa
A stiff hairlike feather in which most or
all the barbs are absent.
Villus,
A slender protrusion.
Vinculum
A band, usually connecting adjacent parts.
Viscus, visceris
Internal organs.
Visus.....,,.
Vision.
Vita
Vital.
Vitellus
Yolk of an egg.
Vitreus
Vitreous.
Vocalis
Related to voice.
Vola
Sole, flexor surface of forearm and hand.
Vortex, vorticiss. vertex.... .Vortex.
Vorticosus s. verticosus
Whirled patterns.
Xiphoideus
Xiphoid.
Zona
,, . , .Zone.
Zonula
A small zone.
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PARTS OF THE
AVIAN BODY

PARTESCORPORIS
AVIS
CAPUT

HEAD

CRANIUM

CRANIUM (SKULL)

Frons
Crista (gal)^
Crista singularis
Basis cristae
Corpus cristae
Lamina cristae
Cuspis cristae
Crista rosea
Spiculum cristae
Crista pisalis
Crista ranuncularis
Crista sérica
Crista fragaria
Crista pulvinaris
Crista V-formalis
Processus frontalis (me)
Bulla (an)
Corona
Occiput
Auris
Porus acusticus externus
Meatus acusticus externus

Forehead.
Comb, crest of feathers.
Single comb.
Base of comb.
Body of comb.
Blade of comb.
Point of comb.
Rose comb.
Spike of comb.
Pea comb.
Buttercup comb.
Silky comb.
Strawberry comb.
Cushion comb.
V-shaped comb.
Frontal process (snood).
Knob, bulge of syrinx.
Crown.
Base of the skull.
Ear.
Opening of external ear canal.
External ear canal.

FACE

FACIES
Gena
•
Oculus
Bulhus oculi
Palpehra superior pars immohilis,
Palpehra superior parsmohilis
Palpehra inferior pars imTnohilis.
Palpehra inferior pars mohilis.
Rima palpehrarum
Canthus

Cheek.
Eye,
Eyeball.
Upper hd, stationary part.
. .

Upper Hd, mobile part.
Lower lid, stationary part.

..

Lower lid, mobile part.
Lid slit.
Angle and adjacent margins of
Hd slit.
Memhrananictitans
Nictitating membrane.
Nasus
Nose.
Arcus nasalis
« • ■ Nasal arch.
Naris {apertura externa nasi).... External opening of nose.
Choana {apertura interna nasi). . Internal nasal opening.
OpercuLum nasi (gal)
Operculum of nose.
Angulusfrontonasalis
Frontonasal angle.
Ginglymusfrontonasalis
Frontonasal hinge.
Cera (col)
Cere.

8 Key to abbreviations used in this section:
an {Anser)
Gal (Galliformes)
as (Anas)
gal {Gallus)
Col (Columbiformes)
me {Meleagrts)
col {Columha)
oth (birds other than the above)
cot {Coturnix)

Os
Rostrum
Rostrum maxillare
Rostrum mandibulare
Rhamphotheca
Culmen
Gonys {genys)
Tcmium maxillare
TomiummandihuJare
Lamellae (an)
Rima oris
Rictus
Mala maxillaris.
Lobus auricularis {in parte)
(gal).
Malamandihularis
Palea
Lobus auricularis {in parte)
(gal).
Mentum

Mouth.
Bill, beak, rhamphus.
Maxillary biU.
Mandibular biU.
Cornified covering of beak.
Culmen.
Gonys.
MaxiUary tomium.
Mandibular tomium.
Lamellae, serrations.
Mouth slit, gape.
Rictus.
Maxillary jaw.
Earlobe (in part).
Mandibular jaw.
Wattle.
Earlobe (in part).
Chin.

COLLUM

NECK

DORSUM COLLI

DORSAL SIDE OF NECK

Dorsum anterius colli (gal,
me, as).
Carúncula (me)
,
Dorsum posterius colli (gal,
me, as).
Fossa cervicoalaria

LATUS COLLI
Cornu hyoidei {in parte)
Patagium cervicale

VENTER COLLI

Anterior dorsal neck.
Caruncle.
Posterior dorsal neck.
Cervicoalar groove.

LATERAL SIDE OF NECK
Horn of hyoid (in part).
Cervical patagium.

VENTRAL SIDE OF NECK

Suhmala
Cornu hyoidei {in parte)
Venter anterior colli (gal,
me, an).
Palear
Venter posterior colli (gal,
me, an).
Transitus thoracatus
Barba (me)

Submala.
Horn of hyoid (in part).
Anterior ventral neck,

TRUNCUS

TRUNK

Interscapulae

DORSUM TRUNCI
Prodorsum
Postdorsum s. pelvis
Cauda interpelvina (gal)
LATUS TRUNCI
Prolatus
Omus {inparte),
Postlatus

Dewlap.
Posterior ventral neck,
Thoracic inlet.
Beard.

Interscapula.

DORSAL SIDE OF TRUNK
Prodorsum.
Postdorsum s. pelvis.
Interpelvic tail.
LATERAL SIDE OF TRUNK
Prolatus.
Shoulder (inpart).
Postlatus.
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PARTS OF THE
AVIAN BODY—

PARTES CORPORIS
A VIS—Continued

Continued

TRUNCUS—Continued

TRUNK—Continued

VENTER TRUNCr

VENTRAL SIDE OF TRUNK

Proventer s. pectus
Pectus carinatus
Postventer s. abdomen
Cloaca externa
Lábium dorsalis cloacae
Labium ventralis cloacae
Eminentia cloacalis (cot)
Inguen
Fossa inguinala
Tela inguinala

Proventer s. breast.
Keeled breast.
Postventer s. abdomen.
External cloaca.
Dorsal lip of cloaca.
Ventral lip of cloaca.
Cloacal eminence.
Groin.
Groin groove.
Groin web,

CAUDA

Manus

Hand

Carpus
Postpatagium pars carpaUs
Carpometacarpus .
Postpatagium pars manualis
Patagium alulae
Fades dorsales manus
Fades ventralis manus
Digitimanus.
DigÜi II, III, IV
Phalanx prima
Phalanx secunda
Phalanx tertia
(Phalanx terminalis)

Wrist, carpus.
Postpatagium, wrist part.
Carpometacarpus.
Postpatagium, hand part.
Patagium of alula (alular patagium).
Dorsal surface of hand.
Ventral surface of hand
Digits of hand.
Digits II, III, IV.
First phalanx.
Second phalanx.
Third phalanx.
(Terminal phalanx is an alternate term for last phalanx
of digits II to IV).
Dorsal surface.
Ventral surface.
Digital claw,

Facieß dorsalis
Fades ventralis
Unguis digitalis (an, gal,
cot).

TAIL

Incisiira caudalis (gal,
me, col).
Fades dorsalis
Eminentia uropygialis
Glans uropygialis,
Papilla uropygialis,
Fades lateralis
Fades ventralis

Caudal indentation,
Dorsal surface.
Uropygial eminence.
Uropygial gland (oil gland).
Uropygial papilla.
Lateral surface.
Ventral surface.

MEMBRA

APPENDAGES
(LIMBS)

MEMBRUM ANTERWS
{ALA)

ANTERIOR APPENDAGE
(WING)

POSTERIOR APPENDAGE
(LEG)

MEMBRUM POSTERIUS

Fades dorsalis
Fades ventralis
Margo anterior
Margo posterior

Dorsal surface.
Ventral surface.
Anterior edge.
Posterior edge.

Omus

Shoulder

Axilla
Fossa axillaris anterior
Fossa axillaris posterior
Metapatagium

Axilla.
Anterior axillary fossa.
Posterior axillary fossa.
Metapatagium.

Brachium

Upper arm

Fades dorsalis {fades superior)
Fades posterior
Fades ventralis (fades inferior)
Prepatagium {in parte)

Dorsal surface (upper surface).
Posterior surface.
Ventral surface (under surface).
Prepatagium (in part).

Cubitus

Elbow

Angulus cubiti

Angle of elbow.

Antebrachium

Forearm

Fades dorsalis (fades superior).
Fades posterior
Fades ventralis (fades inferior).
Prepatagium (in parte)
Posipatagium pars antebranchialis.

. Dorsal surface (upper surface).
. Posterior surface.
. Ventral surface (under surface).
. Prepatagium (in part).
Postpatagium, forearm part.

Fetnoris

Thigh (upper leg)

Fades lateralis
Fades medialis

Lateral surface.
Medial surface.

Genu

Knee

Patella
Popless, poplitis
Fossa poplitea
Angulus popliteus
Telagenus.

Kneecap.
Pople, posterior surface of knee.
Popliteal fossa.
Popliteal angle.
Web of knee (knee web).

^fus

Crus (lower leg, shank)

Crista cnemialis
Fades anterior
Fades lateralis.
Fades posterior
Fades medialis
Sura
Pcs
Pes palmatus
Pessemipalmatus
Pes totipalmatus
Tarsus
Fades anterior
Fades lateralis
Fades posterior
Fades medialis
Metatarsus
Fades anterior
Fades lateralis.
Fades posterior
Fades medialis.
Calcar metatarsale
Metatarsus accessorius
Pulvinus metatarsalis
,
Plicatura meiatarsalis
Digitipedis
Digitus hallux (digitus I)
Digiti II-IV
Phalanx prima. .

Cnemial crest.
Anterior surface.
Lateral surface.
Posterior surface.
Medial surface.
.....Calf.
Foot
Palmate foot.
Semipalmate foot.
Totipalmate foot.
Tarsus, hock.
Anterior surface.
Lateral surface.
Posterior surface.
Medial surface.
Metatarsus (instep).
Anterior surface.
Lateral surface.
Posterior surface.
Medial surface.
Metatarsal spur.
. Accessory metatarsal.
Metatarsal pad,
Metatarsal fold.
Digits of foot.
Hallux (digit I).
Digits II-IV.
First phalanx.
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Digiti peÄ—Continued
Digits of foot.—Continued
Digiti 77-77—Continued Digits II-IV.—Continued
Phalanx secunda
Phalanx tertia
Phalanx quarta
Phalanx quinta
(Phalanx terminaUs)

Fades dorsalis
Fades ventralis
Pulvinus digitalus
Area interpulvinaris
Unguis digitalis
Lamina dorsalis
Lamina ventralis
Tele interdititalis medialis
Tela interdigitalis intermedialis..
Tela interdigitalis lateralis

INTEGUMENTUM
COMMUNE

Second phalanx.
Third phalanx.
Fourth phalanx.
Fifth phalanx.
(Terminal phalanx is an alternate term for last phalanx
on digits II to IV).
Dorsal surface.
Ventral surface.
Digital pad.
Interpad space.
Digital claw.
Dorsal plate.
Ventral plate.
Medial interdigital web.
Intermediate interdigital web.
Lateral interdigital web.

COMMON
INTEGUMENT
INTEGUMENT PROPER

CUTIS

SKIN

EPIDERMIS
Stratum corneum
Stratum germinativum
Stratum transitivum
Stratum intermedium
(Stratum spinosum)
Stratum básale
Membrane hasalis
DERMIS CORIUM
Stratum superfidale
Sinus capillaris
Stratum capillare superius
Stratum profundum.
Stratum compactum
Stratum capillare inferius
Stratum laxum
Stratum musculo-elasticum
Lamina elástica
Corpuscula nervosa terminaUs
Corpusculum laminosum
Musculus pennatus
Musculus apterialis
Tendo elástica
TELA SUBCUTÁNEA
Fascia superjidalis
Fascia profunda
Paniculus adiposus
Paniculus carnosus
Adeps plurivacuitatis

Bursa superjidails
Bursaprofunda
Murushursae
Margo lateralis bursae
Lamina interbursaria
Stoma interbursaria
Filumintrabursarium
Pulvinus carinatus

Superficial bursa.
Deep bursa.
Wall of bursa.
Lateral margin of bursa.
Interbursal lamina.
Interbursal stoma.
Intrabursal strand.
Keel cushion.

APPENDICES
INTEGUMENTI

APPENDAGES OF
INTEGUMENT

SCUTA

SCALES

Scuta cancellosa
Scutellum
Metatarsus scutellatus
Metatarsus reticulatus
Scutum imbricatum
Scutum nonimhricatum
Rhamphotheca

UNGUES

INTEGUMENTUM
PROPRIUM
Sulcus cutis
Plicacutis

STERNAL BURSA

BURSÄ STERNALIS

Groove of skin.
Fold of skin.
EPIDERMIS
Corneous (horny) layer.
Germinative layer.
Transitional layer.
Intermediate layer.
(Spinous layer.)
Basal layer.
Basal membrane.
DERMIS (CORIUM)
Superficiallayer.
Capillary sinus.
Superficial capillary layer.
Deep layer.
Dense layer.
Inferior capillary layer.
Loose layer.
Muscle-elastic layer.
Elastic lamina.
Terminal nerve corpuscles.
Laminated corpuscle (VaterPacini corpuscle).
Feather muscle.
Apterial muscle.
Elastic tendon.
SUBCUTIS
Superficial fascia, generally a loose
connective tissue.
Deep fascia, a dense connective
tissue.
Fat tissue, organized into bodies.
Subcutaneous skeletal muscle.
Plurivacuolar fat.

Cancellate scales.
Small scale.
Scutellate metatarsus.
Reticulate metatarsus.
Imbricated scale.
Nonimbricated scale.
Cornified covering of beak.
CLAWS

Ungues digiti
Claws of digits.
Lamina dorsalis
Dorsal plate.
Lamina ventralis
Ventral plate.
Epmychium
■ Eponychium.
Hyponychium
Hyponychium.
Scutum ungulatum
Unguinal scale.
Scutum suhungulatum
Subunguinal scale.
Stratum corneum unguis....... Corneous (horny) layer of claw.
Stratum germinativum unguis. . . Germinative layer of claw.
Calcar unguis metatarsalis (gal,
Metatarsal spur.
me, cot).
Unguis digitalis,
Digital claw.

CRISTA

COMB

Epidermis
Epidermis.
Dermis
Dermis.
Stratum capillarium sinuosorum. Layer of sinus capillaries.
Stratum intermedia
Intermediate layer.
Textusfibratusmucosus
Fibromucoid tissue.
Stratum centrale
Central layer.
Loose layer of dermis.
Stratum laxum dermis.
Subcutis.
Subcutis
Adipose tissue.
Textusadiposum...
Central artery.
Arteria centralis. , .
Central vein.
Vena centralis

PROCESSUS FRONTALIS
(ME)
t axis
Vasa tortuosa
Tunica intima
Lamina elástica internus
Tunica media
Tunica externa
Lamina elástica externa
Musculi longitudinales
Vasa paraxis
Musculi leves longitudinales
Musculi leves transversi

FRONTAL PROCESS
Vessels of axis.
Helicine vessels.
Inner layer.
Internal elastic membrane.
Middle layer.
External layer.
External elastic membrane.
Longitudinal muscles.
Vessels of paraxis.
Longitudinal smooth muscles.
Transverse smooth muscles.
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INTEGUMENTUM

COMMON

COMMUNE—Con.

INTEGUMENT—Con.

APPENDICES

APPENDAGES OF

INTEGUMENTI—Con.

INTEGUMENT—Con.

PALEA

WATTLE

Lamina externa
Lamina interna

External lamina.
Internal lamina.

RICTUS
Rictus maxillaris
Rictus mandihularis
Plicaricti
Sulcus ricti
Fades externa ricti.
Fades oris ricti
Margo cephalicus ricti

RICTUS
Maxillary rictus.
Mandibular rictus.
Fold of rictus.
Crypt of rictus.
External surface of rictus.
Surface of mouth of rictus.
Cephalic edge of rictus.

LOBUS AURICULARIS

(GAL)
Lohus albicans
Lohus ruher
BARBA (ME)
Pillaharbae
Filamentumbarhae
Zonahasalis pulpae
Zona medialis pulpae
Zona terminalis pulpae
GLANS UROPYGIALIS
Lohus glandis uropygialis
Isthmus glandarius
Septum interlobulare
Papilla glandaria
Circellus uropygialis
Ductus glandis uropygialis.,
Porus ductus uropygialis
Capsula glandis uropygialis.
Cavilas primus
Cavitas secundus
Trahecula
Ghns tuhulata simplicis
Secretumuropygiale

PTER YLAE
PTERYLAE AXIS
CORPORALIS
Pterylae capitales
Pterylafrontalis
Pteryla coronalis
Pterylaoccipitalis
Pteryla auricularis
Pteryla postauricularis.
Pteryla temporalis
Pteryla lorata
Pteryla superdlii
Pterylae oculares
Pteryla ocularis superior
Pteryla ocularis inferior

EARLOBE
White lobe,
Red lobe.
BEARD
Papilla of beard.
Filament of beard.
Basal zone of pulp.
Intermediate zone of pulp.
Terminal zone of pulp.
UROPYGIAL GLAND
Lobe of uropygial gland.
Gland isthmus.
Interlobolar septum.
Gland papilla.
Circlet of uropygial.
Uropygial gland duct.
Opening of uropygial duct.
Capsule of uropygial gland.
Primary cavity.
Secondary cavity.
Trabecula.
Simple tubular gland.
Uropygial secretion.

Pterijla genae
Pteryla rictus
Pteryla malaris

Tract of cheek (genal tract).
Tract of rictus (rictal tract).
Malar tract.

Pterylae spinales

Spinal tracts

Pteryla cervicalis dorsalis
Dorsal cervical tract.
Pteryla cervicalis luteralis
Lateral cervical tract.
Pteryla interscapularis
. Interscapular tract.
Pteryla dorsalis
Dorsal tract.
Pteryla scapularis lateralis...... Lateral scapular tract.
Pteryla pelvina
Pelvic tract.
Pteryla pelvina lateralis
Lateral pelvic tract.
Pterylae corporalis lateralis

Lateral body tracts

Pteryla corporalis lateralis....... Lateral body tract
Pterylae ventrales

Ventral tracts

Pteryla cervicalis ventralis
, . Ventral cervical tract.
Pteryla interramalis
Interramal tract.
Pteryla suhmalae
Tract of submala (submalar tract).
Pteryla pectoralis
Pectoral tract.
Pteryla pectoralis lateralis
Lateral pectoral tract,
Pteryla pectoralis medialis
.Medial pectoral tract.
PtenjlaSternalis,
.Sternal tract.
Pteryle abdominales
Abdominal tracts.
Pteryla abdominalis lateralis.... Lateral abdominal tract.
Pteryla abdominalis medialis
Medial abdominal tract.
Pteryla cloacalis
Cloacal tract.
Circellus cloacae
Circle of cloaca (cloacal circlet).
Pterylae caudales

Caudal tracts

Pteryla caudalis dorsalis
Pteryla caudalis lateralis. ,
Rectrix, reciricis
Tectrices caudales majores
superiores.
Tectrices caudales mediarme
superiores.
Tectrices caudales minores
superiores.
Circellus uropygialis

Dorsal caudal tract.
Lateral caudal tract.
Tail feather.
Upper major tail coverts,

Pteryla caudalis ventralis
Tectrices caudales majores
inferiores.
Tectrices caudales medianae
inferiores.
Tectrices caudales minores
inferiores.

Upper median tail coverts.
Upper minor tail coverts.
Circlet of uropygium (oil
circlet).
Ventral caudal tract.
Under major tail coverts.

gland

Under median tail coverts.
Under minor tail coverts.

FEATHER TRACTS
FEATHER TRACTS OF
BODY AXIS
Capital tracts
Frontal tract.
Coronal tract.
Occipital tract.
Auricular tract.
Postauricular tract.
Temporal tract.
Loral tract.
Tract of supercilium (superciliary
tract).
Ocular tracts.
Upper ocular tract.
Lower ocular tract.

Plumae caudae

Downs of tail

Plumae proximales superiores
Upper proximal downs of tail.
caudae.
Plumae diMales superiores caudae. JJpper distal downs of tail.
Plumae distales inferiores
Under distal downs of tail.
caudae.
PTERYLAE MEMBRI
ANTERIORIS {ALA)
Pterylae brachiales
Pteryla humeralis
Pteryla subhumeralis
Pteryla posthumeralis.
Tectrices posthumer ales
superiores.

TRACTS OF ANTERIOR
APPENDAGE (WING)
Brachial tracts
Humeral tract.
Subhumeral tract.
Posthumeral tract.
Upper posthumeral coverts.
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Pennae fosthumerales....
Tectrices posthumerales
inferiores.
Pterylae alares

. Posthiimeral quills.
Under posthiimeral coverts.

Alar tracts

Manus
Hand,
Remiges primariae
Primary remiges.
Tectrices primariae superiores. . Upper primary coverts.
Tectrices primariae majores
Upper major primary coverts.
superiores.
Tectrices primariae medianae
Upper median primary coverts.
superiores.
Tectrices primariae minores
Upper minor primary coverts—
superiores—ordo primus.
first row.
Tectrices primariae minores
Upper minor primary coverts—
superiores—ordo
second row.
secundus.
Tectrices primariae inferiores... Under primary coverts.
Tectrices primariae majores
Under major primary coverts.
inferiores.
Tectrices primariae medianae
Under median primary coverts.
inferiores.
Tectrices primariae minores
Under minor primary coverts—first
inferiores—ordo primus.
row.
Tectrices primariae minores
Under minor primary coverts—
inferiores—ordo secundus.
second row.
Remiges alulae
Remiges of alula.
Tectrices majores superiores
Upper major alular coverts.
alulae.
Tectrices majores inferiores
Under major alular coverts.
alulae.
Tectrices marginales
Marginal coverts.
Tectrices marginales superiores
Upper marginal coverts of hand.
mani.
Tectrices marginales superiores
Upper marginal coverts of alula.
alulae.
Tectrices marginales inferiores
Under marginal coverts of hand.
mani.
Tectrices marginales inferiores
Under marginal coverts of alula.
alulae.
Carpus
Wrist,
Remex carpalis
Carpal remex.
Tectrices cárpales superiores... . Upper carpal coverts.
Tectrix carpalis majoris
Upper major carpal covert.
superior.
Tectrix carpalis medianae
Upper median carpal covert.
superior.
Tectrix carpalis minoris
Upper minor carpal covert.
superior.
Tectrices cárpales inferiores. . . . Under carpal coverts.
Tectrix carpalis majoris
Under major carpal covert.
inferior,
Tectrix carpalis medianae
Under median carpal covert.
inferior.
Tectrix carpalis minoris
Under minor carpal covert.
inferior.
Antebrachium
Forearm.
Remiges secundarii
Secondary remiges.
Tectrices secundariae
Upper secondary coverts.
superiores.
Tectrices secundariae majores
Upper major secondary coverts.
superiores.
Tectrices secundariae
Upper median secondary coverts.
medianae superiores.
Tectrices secundariae minores
Upper minor secondary coverts—
superiores—ordo primus.
first row.
Tectrices secundariae minores
Upper minor secondary coverts—
superiores—ordo
second row.
secundus.
Tectrices marginales
Marginal coverts.

Tectrices marginales superiores
prepatagii.
Tectrices marginales
inferiores prepatagii.
Pteryla antehrachialis inferior. .

Plumae alae

Upper marginal coverts of prepatagium.
Under marginal coverts of prepatagium.
Under forearm tract.

Downs of wing

Manus
Hand.
Plumae primariae superiores. .. Upper primary downs,
Plumae primariae distales
Upper distal primary downs.
superiores.
Plumae primariae medianae
Upper median primary downs.
superiores.
Plumae primariae proximales
Upper proximal primary downs.
superiores.
Plumae primariae inferiores
Under primary downs.
Plumae primariae distales
Under distal primary downs.
inferiores.
Plumae primariae proximales
Under proximal primary downs.
inferiores.
Plumae alulae
Downs of alula.
Plumae superiores alulae....
Upper downs of alula.
Plumae inferiores alulae
Under downs of alula.
Carpus
Wrist.
Plumae cárpales superiores
Upper carpal downs.
Pluma carpalis distalis
Upper distal carpal down.
superior.
Pluma carpalis proximalis
Upper proximal carpal down.
superior.
Plumae cárpales inferiores
Under carpal downs.
Pluma carpalis distalis
Under distal carpal down.
inferior.
Pluma carpalis proximalis
Under proximal carpal down.
inferior.
Antebrachium
Forearm.
Plumae secundariae
Upper secondary downs.
superiores.
Plumae secundariae distales
Upper distal secondary downs.
superiores.
Plumae secundariae medianae
Upper median secondary downs.
superiores.
Plumae secundariae
Upper proximal secondary downs.
proximales superiores.
Plumae secundariae inferiores.
Under secondary downs.
Plumae secundariae distales
Under distal secondary downs.
inferiores.
Plumae secundariae
Under
proximal
secondary
proximales inferiores.
downs.
PTERYLAE MEMBRI
POSTERIORI^
Pteryla femoralis
Angulus anterior superior
Angulus posterior superior
Angulus inferior
Margo infracaudalis
M. tensor pterylae femoralis
Pterylae crurales

TRACTS OF POSTERIOR
APPENDAGE
Femoral tract
Anterosuperior angle.
Posterosuperior angle.
Inferior angle.
Infracaudal margin.
.Tensor muscle of femoral tract.
Crural tracts

Pteryla cruralis externalis
Pteryla cruralis internalis
Vexillum crurale

External crural tract.
Internal crural tract.
Crural flag.

Pteryla metatarsatis
Pterylae digitales

Metatarsal tract
Digital tracts
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¡NTEGVMENTUM
COMMUNE—Con.

COMMON
INTEGUMENT—Con.

APTERIA

FEATHERLESS
SPACES

APTERIA AXIS CORPORALIS

APTERIA OF BODY AXIS

Apteria capitalia
Apterium frontale
Apterium corónale
Apterium occipitale
Apterium auriculare
Apterium postauriculare, s.
apterium temporale.
Apterium loratum
Apterium supercilii
Apteria ocularia
Apterium oculares superius
Apterium oculares inferius
Apterium genae
Apterium ricti
Apterium malae
Apteria spinalia
Apterium cervicale dorsale
Apterium interscapulare
Apterium scapulare
Apterium dorsale
pieria pelvina
Apterium pelvinum
medianum.
Apterium pelvinum laterale

Capital apteria
.Frontal apterium.
Coronal apterium.
Occipital apterium.
Auricular apterium.
Postauricular apterium, s.
temporal apterium.
Loral apterium.
Superciliary apterium.
. Ocular apteria.
Upper ocular apterium.
Lower ocular apterium.
Genal apterium.
Rictal apterium,
Malar apterium.
Spinal apteria
Dorsal cervical apterium.
. . Interscapular apterium.
Scapular apterium.
Dorsal apterium.
Pelvic apteria.
Median pelvic apterium.
Lateral pelvic apterium.

Apteria ventralia

Ventral apteria

Apterium cervicale ventrale
Apterium interramale
Apterium suhmalae
Apterium sternale
Apteria pectoralia
Apterium pectorale mediale
Apterium pectorale laterale
Apteria ahdominalia
Apterium abdominale
medianum.
Apterium abdominale laterale
Apterium cloacale

Ventral cervical apterium.
Interramal apterium.
Submalar apterium.
Sternal apterium.
Pectoral apteria.
Medial pectoral apterium.
Lateral pectoral apterium.
Abdominal apteria.
Median abdominal apterium.

Apteria lateralia

Lateral apteria

Apterium cervicale later ale
Apterium corpor ale later ale

Lateral cervical apterium.
Lateral body apterium.

Apteria caudalia

Caudal apteria

Apterium caudale dorsale
Apterium caudale ventrale
Apterium caudale laterale

Dorsal caudal apterium.
Ventral caudal apterium.
Lateral caudal apterium.

APTERIA MEMBRI
ANTERIORIS (ALA)

Lateral abdominal apterium.
Cloacal apterium.

APTERIA OF ANTERIOR
APPENDAGE (WING)

Apteria brachialia

Brachial apteria

Apterium humer ale
Apterium suhhumerale

Humeral apterium.
Subhumeral apterium.

Apteria alaria

Alar apteria

Apteria alaria superior a
Upper alar apteria.
Apterium cubitale superius
Upper cubital apterium.
Apterium antehrachiale superius. Upper forearm apterium.
Apterimn alulae superioris
Upper alular apterium.
Apterium mani superioris
Upper hand apterium.
Apteria alaria inferiora
Under alar apteria.
Apterium cubitale inferius
Under cubital apterium.
Apterium antehrachiale
Under forearm apterium.
inferius,
Apterium prepatagiale inferius. . Under prepatagial apterium.
Apterium alulae inferioris
Under alular apterium.

APTERIA MEMBRI
POSTERIORIS

APTERIA OF POSTERIOR
APPENDAGE

Apteria cruralia

Crural apteria

Apterium crurale
Apterium intracrurale

Crural apterium.
Intracrural apterium.

Apteria metatarsalia

Metatarsal apteria

Apterium metatarsale anterius
Anterior metatarsal apterium.
Apterium metatarsale posterius. . . . Posterior metatarsal apterium.

PENNAE

FEATHERS

PTILOSIS

PLUMAGE

Protoptilus {gens prima
pennarum).
Prepenna (an)
Proplumeus (an)
Prefilopluma (an)
Mesoptilus {gens intermedia
pennarum),
Teleoptilus
Gens secunda pennarum
Gens tertia pennarum.
Gens quarta pennarum
Pennae definitae.
Pluma
PuMpluma.
Pulvipenna
Semipluma.
Pennaformans
Filopluma
Saeta (me, oth)
Cilium
Semisaeta
Vihrissa (oth)

Natal down (first generation
feathers).
, Prepenna.
Proplumule.
Prefiloplume.
Intermediate generation of feathers.

PENNA ADULTA

FULLY GROWN FEATHER

Definitive generations of feathers.
Second generation feathers.
Third generation feathers.
Fourth generation feathers.
Definitive feathers.
Down feather,
Powder down feather.
Powder feather.
Semiplume.
Contour feather.
Filoplume.
Bristle feather,
Cilium.
Semibristle.
Vibrissa,

Scapus
Shaft.
Calamus
Calamus.
Paries
Wall.
Umbilicus superior
Superior umbihcus.
Ora umbilici superioris.....
Pùm of superior umbilicus.
Umbilicus inferior, .
Inferior umbihcus.
Galerus pulposus
Pulp cap.
Cúpula
Dome.
Paries
Wall.
Alveolus galeri pulposi
Cavity of pulp cap.

717

APPENDIX B: LATIN-ENGLISH EQUIVALENTS
Hachis
Cortex
Plica corticalis
Medulla
Sulcus ventralis
Vexilla rachidales
Vexiïlum interius
Vexillum exterius
Pars plumea
Pars pennata
Apex
Margo
Incisura
Zonaimpendeuntis
Barba
Ramus
Incisura
Petiolus
Plica dorsalis
Plica ventralis
Tegmen (an).
Villus (an)
Ruga proximalis
Ruga distalis
Cortex.,
Medulla
Vexilia barhae
Barbula
Barbula pennata
Barbula plumea
Barbula trita
Barbula rachidalis
Barbula styla
Basis
Arcus dorsalis
Arcus ventralis.
Pennula
Nodus
Dens nodosus
Iniernodus
Anulus
Processus barbulae
Stylus dorsalis
Dens ventralis
Modulus dentis
Cilium dorsalis
Cilium ventralis
Hamulus
Spiculum (col)
Flexura
Suhpenna
Hyporachis
Hypovexillum
Barba umbilicata

FOLLICULUS
Collum
Cavum
Paries
Epidermis
Stratum corneum
Stratum germinativum
Membrane basalis
Dermis

Rachis.
Cortex.
Cortical ridge.
Medulla, pith.
Ventral groove.
Vanes of rachis.
Inner vane.
Outer vane.
Plumulaceous part.
Pennaceous part.
Tip.
Margin.
Notch.
Zone of overlap.
Barb: (1) first order of branches
from rachis; (2) beard of turkey.
Ramus, branch.
Notch.
Petiole.
Dorsal ridge.
Ventral ridge.
Tegmen.
Villus.
Proximal ledge.
Distal ledge.
Cortex.
Medulla.
Vanes of barb (vanule).
Barbule (radius of a feather).
Pennaceous barbule.
Plumulaceous barbule.
Friction barbule.
Rachidial barbule.
Stylet barbule.
Base.
Dorsal bow (dorsal flange).
Ventral bow (ventral flange).
Pennulum.
Node.
Nodal prong.
Internode.
Ring.
Barbicel, process of a barbule.
Dorsal spine.
Ventral tooth.
Nodule of tooth (tooth
nodule).
Dorsal cilium.
Ventral cilium.
Hooklet.
Prickle.
Flexule.
Afterfeather.
Hyporachis, aftershaft.
Aftervane.
Umbilical barb.

FOLLICLE
Neck.
Cavity.
Wall
Epidermis.
Corneous (horny) layer.
Germinative layer.
Basement membrane.
Dermis.

DEVELOPING FEATHER

PENNA GERMINATA
Blastema pennata
Epidermis
Epitrichium
Monile epidermale
Zona ramogenerationis
Lamina externalis
Vagina pennata
Lamina transita
Lamina intermedialis
Plica barbae
Columna barbulae

Feather blastema.
Epidermis.
Epitrichium.
Epidermal collar.
Ramogenic zone.
Outer layer.
Feather sheath.
Transitional layer.
Intermediate layer.
Ridge of barb (barb ridge).
Column of barbule (barbule
column).
Catinulus axis
Plate of axis (axial plate).
Zona ramogerationis
Ramogenic zone.
Fasciculus plicarum (col)
Fascicle of ridges.
Pubis
Powder.
Plica rachidalis
Rachidial ridge.
Plica hyporachidalis
Aftershaft ridge.
Lamina basilaris
Basilar layer.
Zona cytoplasma
Cytoplasm zone.
Catinlus marginalis
Marginal plates.
Septum barbae
Septum of barb (barb septum).
Epithelium pulposum
Pulp epithelium.
Membrana pulposa externae...
Outer pulp membrane.
Membrana pulposa internae...
Inner pulp membrane.
Lamina cornea incepta
Incipient corneous layer.
Lamina germinativa
Germinative layer.
Membrane basalis
Basement membrane.
Dermis
Dermis.
Papilla dermi
Papilla of dermis (dermal papilla).
Vena papillata
Papillary vein.
Pulpa
Pulp.
Arteria axis
Artery of axis (axial artery).
Vena pericentralis
Pericentral vein.
Capillaris pulposus
Peripheral pulp capillary.
periphericus.
Septum pulposum (col)
Septum of pulp (pulp septum).
Melanoblastus
Melanoblast,
Melanocytus
Melanocyte.
Granulum melaniae
Granule of melanin (melanin
granule).
Corpus melanocytus
Body of melanocyte.
Processus melanocytus
Process of melanocyte.

SMOOTH MUSCLES OF
MUSCULI LEVES DERMI

DERMIS

MUSCULI PENNATI

FEATHER MUSCLES

Elástica musculi pennati

Elastic tendon of feather muscle.

Ordines musculorum in corpore et membro posteriore

Rows of muscles on body and
posterior appendage

Ordo anterior lateralis
Ordo anterior ventralis
Ordo posterior lateralis
Ordo posterior ventralis
Ordo longitudinalis
Ordo transversus
Ordo diagonalis

Anterolateral row.
Anteroventral row.
Posterolateral row.
Posteroventral row.
Longitudinal row.
Transverse row.
Diagonal row.
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MUSCULI LEVES DERMI— SMOOTH MUSCLES OF
Continued
DERMIS—Con.
MUSCULI PENNATI—Con.

FEATHER MUSCLES—Con.

Ordines musculorum
in memhro anteriore

Rows of muscles on anterior
appendage

Ordo prozimodistalis
Ordo anterior posterior
Ordo anterior distalis.
Ordo posterior distalis

Proximodistal row.
Anterposterior row.
Anterodistal row.
Posterodistal row.

Typi generales musculorum

General types of muscles

M. erector,.
M. depressor
M. retractor.
M. rotator.

Erector muscle.
Depressor muscle.
Retractor muscle.
Rotator muscle.

Typi proprii musculorum
in memhro anteriore

Special types of muscles on
anterior appendage

M. rotorectractor remigis
Rotoretractor muscle of secondary
secundi et tectrices sup er ioris,
remex and upper covert.
M. retractor remigis primi.
Retractor muscle of primary remex.
M. rotator remigis primi pars
Rotator muscle of primary remex,
anterior.
anterior part.
M. retractor tectricis majores
Retractor muscle of under major
inferiores et remigis primi
covert and primary remex,
(me).
M. rotoretractor tectricis majoris
Rotoretractor muscle of under
inferioris et remigis primi
major covert and primary remex.
(me).
M. retractor tectricis medianae
Retractor muscle of upper median
superioris et remigis primi
covert and primary remex.
(me).
AI. rotator remigis primi pars
Rotator muscle of primary remex,
posterior.
posterior part.
M. retractor tectrices primae
Retractor muscle of upper median
medianae superioris.
primary covert.
Typi proprii musculorum
in cauda
M. rotoretractor rectricis
M. rectrotectricis superior
M, rotoretractor tectricis caudalis
majoris superioris.
M. retractor tectricis caudalis
majoris superioris.
M. majoromedius tectricis
caudalis superioris.
M. rotoretractor anterior
tectricis caudalis medianae
superioris.
M. retractor posterior tectricis
caudalis medianae superioris.
M. adductor tectricis caudalis
majoris inferioris.
M. abductor tectricis caudalis
majoris inferioris.
M. retractor tectricis caudalis
majoris inferioris.
M. rectrotectricis inferior
M. majoromedialis tectricis
caudalis inferioris.
M. adductor tectricis caudalis
medialis inferioris.
M. retractor tectricis caudalis
medialis inferioris.

Special types of muscles on tail
Rotoretractor muscle of rectrix.
Upper rectrocovert muscle.
Rotoretractor muscle of upper
major tail covert.
Retractor muscle of upper major
tail covert.
Majoromedian muscle of upper
tail covert.
Anterior rotoretractor muscle
of upper median tail covert,
Posterior retractor muscle of upper
median tail covert.
Adductor muscle of under major
tail covert.
Abductor muscle of under major
tail covert.
Retractormuscleof under major
tail covert.
Under rectrocovert muscle.
Majoromedian muscle of under
tail covert.
Adductor muscle of under median
tail covert.
Retractor muscle of under median
tail covert.

MM. APTERII
M. tensor pterylae femoralis. .
Rosula musculi apterialis. ,..
T. elástica musculi apterialis.

MUSCLES OF APTERIUM
. . Tensor muscle of femoral tract.
. . Rosette of apterial muscles.
, . Elastic tendon of apterial muscle.

REGIONES ET
LINEA CORPORIS
Linea mediana dorsalis
Linea mediana veniralis
Fossa cervicoalaria
Fossa inguinala.
Incisura caudalis

REGIONS AND
LINES OF BODY

........ Middorsal line.
Midventral line.
Cervicoalar groove.
Groin groove.
Caudal indentation.

REGIONES CAPITIS

REGIONS OF HEAD

REGIONES CRANII

REGIONS OF SKULL

Regio frontalis
Regio criMae {in parte) (gal)
Regio coronalis
Regio cristae (in parte) (gal)
Regio basis capitis
Linea nuchalis superior. , .
Regio postorbitalis
Regio auiHs................
Regio auris externae et mediae
Regio auris internae
REGIONES FACIEI

Frontal region (forehead).
Region of the comb (in part).
Coronal region (crown).
Region of the comb (in part).
Region of the base of head.
Superior nuchal line.
Postorbital region.
Region of ear.
Region of external and middle ear.
Region of internal ear.
REGIONS OF FACE

Mouth region.
Regio rostralis
Bill (beak) region.
Regio rostralis superior.
Upper bill (beak) region.
Regio rostralis inferió.
Lower bill (beak) region.
Regio malaris.
Malar region.
Regio malaris mandibularis. ..
Mandibular malar region.
Regio tnalaris maxillaris
Maxillary malar region.
Regio rictalis
Rictal region.
Regio paleae.
Region of wattle.
Regio interramalis
Interramal region.
Regio nasalis
Nasal region.
Linea ginglymifrontonasalis.... Line of frontonasal hinge.
Regio arcus nasalis............ Region of nasal arch.
Regio opercuti nasi
Region of operculum of nose.
Regio processus frontalis (me). . . Region of frontal process.
Regio cera (col)
Region of cere.
Regio aperaturae.
Region of nasal opening.
Regio orbitalis
Eye region.
Regio palpebralis superior
Upper eyelid region.
Regio palpebralis superior
Upper eyelid region stationary
pars stationis.
part.
Regio palpebralis superior
Upper eyelid region mobile part.
pars mobilis.
Regio palpebralis inferior
. Lower eyelid region.
Regio palpebralis inferior
Lower eyelid region stationary
pars stationis.
part.
Regio palpebralis inferior
Lower eyelid region mobile
pars mobilis.
part.
Regio membranae nictitans
Region of nictitating membrane.
Regio suborbitalis
Suborbital region.
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REGIONES COLLI

REGIONS OF NECK

REGIO COLLI DORSALIS

REGION OF DORSAL NECK

Regio anterior colli dorsalis
Regio posterior colli dorsalis
Regio interscapularis^
REGIO COLLI LATERALIS
Regio hyoidea (in parte)
Regio ingluviei,
REGIO COLLI VENTRALIS
Regio suhmalaris
Regio hyoidea (in parte)
Regio anterior colli ventralis
Regio palearis (me)
Regio posterior colli ventralis
Regio transitus thoracici

REGIONES TRUNCI
Regio interscapularis^^
REGIO DORSALIS^^
Regio postdorsalis
Regio interpelvina caudae
Regio prodorsalis
REGIO LATERALIS

Anterior region of dorsal neck.
Posterior region of dorsal neck.
Interscapuiar region.
REGION OF LATERAL NECK
Region of hyoid (in part).
Region of crop.
REGION OF VENTRAL NECK
Submalar region.
Region of hyoid (in part).
Anterior region of ventral neck.
Region of dewlap.
Posterior region of ventral neck.
Region of thoracic inlet.

REGIONS OF TRUNK
.Interscapuiar region.

Regio dorsalis^^
Regio glandis uropygialis
Regio lateralis
Regio ventralis

REGIONES MEMBRI
REGIONES MEMBRI
ANTERIORIS 5.
REGIONES ALAE

REGIONS OF TAIL
Dorsal region.
Region of uropygial gland.
Lateral region.
Ventral region.

REGIONS OF
APPENDAGES
REGIONS OF ANTERIOR
APPENDAGE S, REGIONS
OF WING

Regio brachialis

Upper arm region

Regio omi^^
Regio metapatagialis

Region of shoulder.
Metapatagial region.

Regio cubitalis

Elbow region

Angulus cuhiti,
Regio prepaiagialis

Angle of elbow.
, Prepatagial region.

Regio antibrachialis

Forearm region

Regio radialis
Regio ulnaris

Radial region.
Ulnar region.

Regiones manus

Regions of hand

DORSAL REGION
Postdorsal region.
Interpelvic region.
Prodorsal region.
LATERAL REGION

Regio prolateris
Prolatal region.
Regio omi^^
Region of shoulder.
Regio axillaris
Axillary region.
Fossa axillaris anterioris.....
Anterior axillary fossa.
Fossa axillarisposterioris.....
Posterior axillary fossa.
Regio postlateris
Postlatal region.
REGIO VENTRALIS

REGIONES CAUDAE

VENTRAL REGION

Regio proventralis s. regio

Proventer region s. sternal region.

Regio postventralis s. regio
ahdominalis.
Spatium interpuhalis
Regio cloacalis externa

Postventer region s. abdominal
region.
Interpubic space.
External cloacal region.

9 The regio interscapularis is the caudal part of the posterior dorsal
neck. Externally it appears to belong to the trunk, and for this reason
it is listed also under regiones trunci. Anterior boundary of the interscapuiar region is often located by a vertical plane resting against the
anterior surfaces of the shoulders. The posterior boundary is located by
a vertical plane passing between the last cervical and first thoracic
vertebrae. Each lateral boundary corresponds to a cervicoalar groove.
For identification of the vertebrae mentioned see page 34 and figure 25.
10 See footnote 9.
" In chickens, the caudal end of the dorsal trunk includes several
vertebrae of the tail. Therefore, this region is listed both under trunk
and tail. The anterior boundary of the interpelvic region is located by
a vertical plane between the pelvic and coccygeal vertebrae. The posterior boundary is located by a vertical plane at the caudal end of the
ilium. Each lateral boundary is marked by the depression overlying the
ilio-coccygeal notch.
12 The shoulder region is listed both under prolatus and forearm.

Regio carpalis
Wrist (carpal region).
Regio ulnaris
Region of ulnare.
Regio radialis
Region of radiale.
Regio aliilaris s. regio digiti II
Alular region s. region of digit II.
Regio patagii alularis
Region of alular patagium.
Regio metacarpalis digiti III
Metacarpal region of digit III.
Regio metacarpalis digiti IV
Metacarpal region of digit IV.
Regio phalangis primae
Region of first phalanx of digit III.
digiti III
Regio phalangis secundae digiti III. Region of second phalanx of digit III.
Regio phalangis tertiae digiti III. . . Region of third phalanx of digit III.
Regio phalangis digiti IV
Region of phalanx of digit IV.
Regio postpatagialis
Postpatagial region.
Pars manualis
Hand part.
Pars carpalis
Wrist part.
Pars antibrachialis
Forearm part.
REGIONES MEMBRI
POSTERIORIS

REGIONS OF POSTERIOR
APPENDAGE

Regio femoris

Region of thigh

Regio femoralis later alis
Regio coxendicis

Lateral thigh region.
Region of hip.

Regio genus

Region of knee

Regio patellaria
Regio poplitea

Patellar region.
Popliteal region.

Regio cruris

Region of lower leg

Regio cruris anterioris
Regio cruruis lateralis
Regio cruris posterioris
Regio cruris medialis

Region of anterior lower leg.
Region of lateral lower leg.
Region of posterior lower leg.
Region of medial lower leg.

^3 See footnote 11.
14 See footnote 12.
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REGIONES MEMBRIContinued

REGIONS OF
APPENDAGES—Con

REGIONES MEMBRI
POSTERIORIS~Con.

REGIONS OF POSTERIOR
APPENDAGE—Con.

Regiones pedis

Regions of foot

Regio tarsi.
,
Region of ankle.
Regio tarsi anterioris
Region of anterior ankle.
Regio tarsi lateralis
Region of lateral ankle.
Regio tarsi posterioris
Region of posterior ankle.
Regio tarsi medialis :
. Region of medial ankle.
Regio metatarsi. .
.Region of metatarsus s. instep.
Regio metatarsi anterioris
Region of anterior metatarsus.
Regio metatarsi lateralis........ Region of lateral metatarsus.
Regio metatarsi posterioris...... Region of posterior metatarsus.
Regio metatarsi accessorii
Region of accessory metatarsus.
Regio metatarsi medialis........ Region of medial metatarsus.
Dorsum pedis digitorum
Dorsal surface of digits of foot.
Planta pedis digitorum.
Plantar surface of digits of foot.
Regio pulvina metatarsalis
Region of metatarsal pad.
Regio plicaturae metatarsalis... . Region of metatarsal fold.

Regiones digitil
Regions of digit I.
Regio phalangis primae
Region of first phalanx.
Regio phalangis terminalis
Region of terminal (second)
(secundae)
phalanx.
Regiones digiti II
Regions of digit II.
Regio phalangis primae. ....... Region of first phalanx.
Regio phalangis secundae
Region of second phalanx.
Regio phalangis terminalis
Region of terminal (third)
(tertiae)
phalanx.
Regiones digiti III
Regions of digit III.
Regio phalangis primae. ....... Region of first phalanx.
Regio phalangis secundae
Region of second phalanx.
Regio phalangis tertiae. . .
Region of third phalanx.
Regio phalangis tei^minalis
Region of terminal (fourth)
(quartae)
phalanx.
Regiones digiti IV
Regions of digit IV.
Regio phalangis primae...
Region of first phalanx.
Regio phalangis secundae.
Region of second phalanx.
Regio phalangis tertiae. . .
Region of third phalanx.
Regio phalangis quartae. .
Region of fourth phalanx.
Regio phalangis terminalis
Region of terminal (fifth) phalanx.
iquintae)

IndeX
[Boldface numerals indicate references to illustrations.]
Abdomen, 5
defined, 43
Abdominal region (s)—
Bronze Turkey, 46, 49
Common Coturnix, 52, 53
Common Pigeon, 61, 62
Single Comb White Leghorn Chicken, 41, 48
White Pekin Duck, 56, 58
Abdominal tract—
medial, length of filoplumes, 315
semiplume, 310
measurements, 287
Abstemmen, defined, 250
Abstemmhocker (prickles, syn.), 249
Acanthisitta Moris, afterfeather type, 253
Accessory metatarsus region, Bronze Turkey,
45
Acrometatarsium, defined, 67
Acwpodium, defined, 67
Adelmann (1966), 341
African Mousebird, type of toes, 65
Afterbüschel, defined, 252
Afterfeather—
absence in powder down, 269
aftershaft and aftervane, 236
Beltsville White Turkey, 321, 323, 326, 327
bristles, 272
Common Coturnix, measurement, 339
Common Pigeon—
powder feathers, 338
types of afterfeathers, 333
defined, 235, 252
filoplume, 275
formation, 375
growth, 266
hyporachis, 243
method of identification, 277
orientation, 253
peculiar variation, 253
seasonal variation, 253
size, 253
spacing, 253
structure, 280, 282, 286, 287, 290, 295, 299,
310, 314
taxonomic value, 255
terminology, 252
texture, 252
turkey, measurements and texture, 319-327
types, 253
usefulness, 255
White Pekin Duck, 328
measurements, 330
Afterhündel, defined, 252
Aftershaft, 252

Aftertuft—
defined, 252
White Pekin Duck, structure, 330
See also afterfeather,
Aftervane, ramus of plumulaceous barb, 243
Akester (1964), 475
Ala, 56
Alae (wings), 5
Alaparasphenoid bone, 13
Alar feather tracts, 291-302
barbule variation, 298
exploded view, 294, 300
feather detail, 297, 298, 299
feather lengths, 292, 295, 296, 299
principles of pterylosis, 83
Albatross, 5
beak, 6, 7
disparity in afterfeathers, 267
downy barbules, cilia, 244
feather, ventral teeth, 249
flexules, 248
nasal arch, 9
nostrils, 5
prickles, 249
ramus, ventral ridge, 259
toes, three, 65
Albinism, in fowls, 416
Alcid—
barbules—•
flexules, 248
ventral teeth, 248
definitive downs, distribution, 266
toes and webs, 64, 65
Alular apterium, 130, 151, 152, 300
under, 107, 108, 118, 119, 136, 137, 142,
146, 147, 154
upper, 85, 118, 122, 128, 129, 136, 137,
141, 146, 147, 155
Alular patagium—
Bronze Turkey, 45, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
Single Comb White Leghorn Chicken, 39,
41, 42, 57
White Pekin Duck, 54, 56, 58
Alular regions. Common Pigeon, 60
American Jaçana, shields, 10
American Ornithologists Union, ''Check List of
North American Birds" (1931), 27
American Poultry Association (1938-40), 277;
(1953), 25
American Standard of Perfection (1938), 16,
158; (1938-40), 40, 162, 165, 175, 277, 406,
415; (1940-53), 531; (1953), 1, 2,15, 84, 599
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Ammann (1937), 194
Ampulla, Great Horned Owl, 33
Ancona Chicken, breed differences of molts and
plumages, 228
Anesthesia, techniques used, 637-638
Angular bone region—
duck, 21
pigeon, 28
turkey, 12
Anhinga—
absence of filoplumes, 274
rachis, without pith, 256
rectrices, corrugated, 257
Anis, bristle, bare shaft, 272
Ankle—•
bones, 64
boundaries—
chicken, 39, 41, 42
coturnix, 50, 52, 53
duck, 54, 56, 58
pigeon, 60, 61, 62
turkey, 45, 46, 49
defined, 63
feather tracts, 291, 293
Annan, Ormsby (letter), 253
Anseriform birds, downs among contour
feathers, 330
Antebrachium, boundaries, 59
AnuluSj rings on barbules, 244
Apandi and Edwards (1964), 418
Apodidae, phalangeal formula, 67
Appendages—
bilateral symmetrical animal, 4
feather and apterial muscles—
chicken, 432-438
duck, 453-457
pigeon, 461
turkey, 443-447
regions, 56-72
chicken, 39, 41, 42
coturnix, 50, 52, 53
duck, 54, 56, 58
foot, 62, 64-72
methods of study, 34
pigeon, 60, 61, 62
shank, definition, 61, 63
tail, 51-55
thigh, 61-64
trunk, 43-51
turkey, 45, 46, 49
Appendage tracts, principles of pterylosis,
79-91
Appleyard and Auber (1951), 241

Apterium(ia)-—
alular. Äee alular apterium
body, down feather, 312
body, excluding head, 104-157
chicken, 105, 106, 107, 108, 109, 111, 113,
115, 116, 117, 118, 119, 120, 121, 164,
165, 281, 283, 285, 288, 289, 291,
293, 294, 300, 302, 313, 314, 422, 424,
425, 426, 427, 428, 429, 430, 431,
432, 433, 436, 437, 438, 439, 440,
480, 483
Common Coturnix, 128, 130, 131, 132,
133, 134, 135, 136, 137, 138, 182,
447,448,449
Common Pigeon, 148, 149, 150, 151, 152,
153, 154, 155, 156, 188, 189, 334,
457, 458, 459, 460, 461
turkey, 121, 122, 123, 124, 125, 126, 127,
128, 129, 175, 178, 179, 326, 438, 442,
443, 444, 445, 446, 447
White Pekin Duck, 140, 141, 142, 143,
144, 145, 146, 147, 148, 183, 184, 185,
450, 451, 452, 453, 455, 456
chicken and turkey histology, 514-531
dorsal caudal, 302
down feathers in, 266, 312, 334
feathers in, 106
filoplumes absent from, 316
Great Horned Owl, 85, 86, 87
head of chicken, 97-101
histologyelastic lamina, 493
lateral body, 506
lateral caudal, 506-509, 508
lateral cervical, 503-506
lateral pelvic, 501-503, 502, 503
pectoral, 498
postauricular, 490, 494, 495, 498
sternal, 514, 518
histology of chicken, 489-509
lateral body, length of filoplumes, 315
lateral cervical, 85, 93, 94
down feather in, 314
filoplume length, 315
list, 93.
See afeo specific name of apterium in Index,
muscles-—
crural tract, 440, 441
distribution of nerves, 484
gross morphology, 421-461
micromorphology and physiology, 478-484
skin of back, 424
subgross morphology, 461-478
techniques, 421-422
thigh, 438, 439
head, 97-104
Bronze Turkey, 101-102
Common Coturnix, 102-103
Common Pigeon, 103-104
Single Comb White Leghorn Chicken,
97-101
White Pekin Duck, 103
pelvic, 93
lateral, 85
ventral, 93
scapular, 85
subhumeral, 300
under cubital, 300
under forearm, 300
under hand (feathers), 300
under prepatagial, 300

Aquatic
birds,
waterproofing
properties
(barbules), 248
Arey (1963), 485
Argaud (1904), 567
Arm regions. See wing.
Armed Forces Institute of Pathology (1960), 651
Arteries^
blood vessels and nerves to integument,
467-478
dorsocaudal neurovascular triad, 472, 473,
475
dorsocentral neurovascular triads, 472, 473,
475
femoral tract, 472, 475, 479
major, in pelvic fossa, 472
midinfracaudal neurovascular triads, 472,
473, 475, 478
terms used in volume, 469-470
thigh and femoral tract, 475
Articular process, duck, 21
Aseel Fowl, history of domestic chicken, 3
Assenmacher (1958), 413
Astaxanthin, in color formation, 400
Astbury and Beighton (1961), 342
Atlas of Avian Hematology (1961), 1
Auber (1955), 379; (1957a), 403, 406, 410;
(1957b), 242, 374, 404, 405, 406, 410;
(1966), 405
Auber and Appleyard (1951), 241; (1955),
343,405
Auber and Mason (1955), 405, 410
Auditory tube, 15
Auksbeak, 6
oil gland feathers, variation of rachis, 268
toes, 65
Auricular feathers, discussion, 262
Auricular region—
coturnix, 20
defined, 14, 15
duck, 23
owl, 32
pigeon, points of difference, 28
Auricular tract feathers, length, 308
Austin and Singer (1961), 6, 97, 547
Averin (1923), 273
Avian lamellar (Herbst's) corpuscles, terminology defined, 361
Avocets, beak, 6, 7
Axial artery—
contour feather, 237, 238
remnant, 238
primary remex, 239
Axial plate, disposition, 375, 376
Axillary fossa—
chicken, 42
coturnix, 52, 53
duck, 56
pigeon, 61, 62
turkey, 46, 49
Axis^
bilaterally symmetrical animal, appendage
and body, 4
movement in hind limbs, 62
Back—
defined, 43
Single Comb White Leghorn Chicken,
development of plumages, 205, 207
Baker (1930), 232
Baiazs et al. (1959), 505, 543
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Ball et al. (1963), 567
Bantam Cornish Chicken, feather weight and
count, 193
Bantam, Malay, comb, 10
Bantam, Silkie, interramal region, 18
Barba, 241
Barbet-—
afterfeather type, 253
bristle location, 270
defined, 253
function of bristles, 273
heel pads, shedding, 197
Barbicels, 248.
See also barbules.
Barbs—
aftervane, 238
barbules—
pennaceous, 170, 247
terminology, 242
basal—
filoplume development, 274, 275
on abnormal filoplume, 316
defined, 235
distal barbules, 240
downy—
branched, 312
Common Coturnix, 338, 339
Common Pigeon, 244
orientation of barbules, 313
orientation of rami, 313
ramus, 311
ear coverts, 262
embryonic development of, 349-354
filoplume, 315, 275
inner vane of remiges, 242
method of exposing, 643
mounting methods, 644
natal down, rachis, 264
natal feathers, 264, 265
number, 240
oil gland feathers, 268
pennaceous, 241, 245, 258
barbule, 243
Common Coturnix, 339
Common Pigeon, 332, 333
cortex, 247
early history, structure, and operation, 250
powder feathers, 337
proximal barbule, 245, 246, 247
ramus, 243
subtypes characteristics, 249
White Pekin Duck, 329, 330
pennaceous, tegmen—
barbules, 258
ramus, 258
pericalamial, 252
plumulaceous—
barbule, 243
Bronze Turkey, 319
Mallard, 329
powder feather, 337
ramus, 243
proximal barbules, 240
ramus, 240
cortical layer, 245
distal ledge, 245
dorsal ridge, 245, 247
down feather, 311
pith, 245, 247
proximal ledge, 245
ventral ridge, 245, 247

rectrices, 256, 257, 258
Barbules—Continued
rémiges, 256, 257, 258
pennaceous—Continued
cortex, 242
reduced, 251, 279
distal barbule base, 242
pennulum, 244, 245, 246, 247
distal ledge, 242
plumulaceous, 242-245
dorsal ridge, 242
base, 243, 244
pith cell, 242
Bronze Turkey, 319
proximal ledge, 242
downy, 242
spacing of barbs, 259
size and shape, 244
ventral ridge, 242
internode, 244
ridges—
morphology, 245
differentiation, 349
nodal prong, 244
formation, 349, 369, 371, 376
node, 244
ring on plumulaceous, Bronze Turkey, 319
normal, 279
spacing, 240, 241
reduced, 251, 279
structure of contour feathers, 239
proximal, 247
terminology, 241
rachidial, 279
umbilical barbs, 252
defined, 251
umbilical bristles, 271, 272
rectrices, size and spacing, 259
vane, 383
remex, distal, pennaceous barbs, 258
Barbules—
remiges—
attachment to ramus, 243
primary, 292, 293, 294
barbicels—
size and spacing, 259
explained, 248
simplified types, 251
booklets, 249, 250
structure, contour feathers, 243
base, 244, 245, 246, 247
stylet, 251, 271, 279
bristles, 272
subtypes explained, 247
curled base, 279
texture pattern, dorsopelvic tract feather, 279
differentiation, 371-374
turkey, color of, 408
distal, 248, 249
types, dorsopelvic tract domestic birds,
dorsal flange, 245, 246, 247
278, 279
dorsal spine, 245, 246
variation in powder down, 269
dorsopelvic tract, 278
variation, secondary remex, 298
downy barb, 244
Barkow (1829), 469, 470, 473
normal, 311
Barred Plymouth Rock Chickens, bird age,
planes, 312, 313
second generation feathers, 229
reduced, 311
Barrel (calamus), defined, 235
ear coverts, 262
Barrnett and Sognnaes (1962), 379, 380
embryonic development, 350-354
Barrows (1914), 399, 402, 406
filoplumes, 275
Bartlett (1861), 269, 270
friction, 260
Bartlett (1961), 641
cilium, 261
Base of head—
coverts, 261
Common Pigeon, 26, 27
booklets, 261
points of difference, 27, 28
notch, 261
defined, 12
pennulum cell, 261
Great Horned Owl, 30, 31
rachis, 261
White Pekin Duck, 21, 22
ventral tooth, 261
Basibranchial I, II, use of term, 18
zones, 261
Basihyal, defined, 18
gallinaceous birds, 245
Basihyal bone, 15
natal downs, 265
Bronze Turkey, 12
oil gland feathers, 268, 269
Basilar
cells, disposition of, 375, 376
orientation, downy barbs, 313
pennaceous, 245-252
Basioccipital bone region, 13
base, explained, 246, 247
Bates (1918), 89, 173, 174
bristles, 271
Beak—
comparison of proximal and distal funcalbatrosses, 5, 6
tion, 249
chicken—
comparison of proximal and distal subhistology, 580-592
types, 249
microscopic structure of, 579-592
distal—
color, 419
size, shape, and development, 248
defined, 16, 17
ventral teeth, 248, 249
diversity among birds, 5, 6, 7
distal and proximal, 246
flamingo, 6
growth, 245, 246
fulmars, 5, 6
location important to terminology used, 247
function in duck, 24
morphology of proximal and distal, 249
microscopic structure, 579-592, 581-592
normal, 279
nasal openings, 15, 16, 583, 593
proximal—
Beak tubercle—
explained, 247
Bronze Turkey, 10
ventral teeth, 247
Great Horned Owl, 31, 32
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Beard-^
Bronze Turkey, 46, 49
microscopic structure, 571-579, 573, 575
576, 577, 578, 579
use of term defined, 40
Becker (1959), 265, 346, 353
Beddard (1898), 29, 80, 158, 592
Beebe (1910), 385; (1915), 91, 157, 193; (1918),
232; (1926), 2
Beebe and Crandall (1914), 354
Bekker and King (1931), 378
Bell and Thathachari (1963), 342, 349, 351, 379
Bellairs (1960), 17
Bellairs and Jenkin (1960), 18, 64
Bennett (1963), 492, 496
Bennett et al. (1959), 500, 501
Bensley and Bensley (1938), 519; (1941), 637
Bensley and Vimtrup (1928), 500
Bent (1932), 231
Berg et al. (1966), 380
Berger (1953), 79, 80, 91, 93, 94; (1957), 91,
93
Berger and Lunk (1954), 80, 161
Berthold (1967), 411, 412
Beta-carotene, in color formation, 400
Bezanson and Stephenson (1958), 515
Bicipital crest, Single Comb White Leghorn
Chicken, 35
Biedermann (1928), 392
Bilaterally symmetrical animal, sections of, 4
Billcolor, 419
defined, 16, 17
location, 12
See also Beak.
Bilobed sebaceous organ, defined, 267
Biological Stain Commission (1960), 637
Birch and Lucas (1942), 585
Bird (1943), 515; (1944), 515
Bird of Paradise, Wattled, 261
Birds, general selection for studies explained, 2
Bitterns, powder down, 269
Blackbird—
calamus, size, 256
feather weight and count, 194
Blackburn (1961), 380
Black Sumatra, earlobes, 15
Blastema—
activation, 364, 365
development into feather, 367-378
differentiation, 385
migration of melanocyte, 395
morphogenetic potential, 365
new formation, 384
relationship of follicle, 363, 364
terminology, 364
Blaszyk (1935), 91, 345, 601
Blivaiss (1947), 343, 413
Blood vessels, frontal process—
microscopic structure, 568, 570, 571
techniques for tracing, 657-659
to the integument, 467-478
Bloom and Fawcett (1968), 485, 490, 500, 514
Blue Andalusian Fowl, difference in pigmention, 397
Boas (1931), 256, 265, 345, 571; (1933), 476,
477
Boas (1949), 543
Bobolinksfeather color, distribution, wear, 273
feather weight and count, table, 194

Bobwhite—
deposition Df melanin in growing feathers, 396
melanocyte in skin, 398
sequence of molts compared, 231, 232
Bock (1963), 27
Bock and Miller (1959), 65
Bodrossy (1938), 544
Bodyfeather and apterial muscles-—
chicken, 424-430
coturnix, 447-449
duck, 451-453
pigeon, 459-461
turkey, 442-443
gross examination techniques, 638-640
major divisions explained, 5
shape, variations of species, 43
Body and appendage regions, 33-72
anterior appendage, 56-61
Bronze Turkey, 45, 46, 49
chicken, 41
dorsal view, 39
musculature view, 37
ventral view, 42
Common Coturnix, 52, 53
differences, 40
Common Pigeon, 60, 61, 62
differences, 40, 43
foot, 64-72
methods of study, 33-36
shank, 61-64
Single Comb White Leghorn Chicken,
skeletal view, 35
tail, 51-55
thigh, 61-64
thigh and shank—
Bronze Turkey, 63-64
Common Coturnix, 64
Common Pigeon, 64
White Pekin Duck, 64
topographic anatomy of Common Coturnix
51
trunk, 43-51
turkey, variations, 40
White Pekin Duck, 54, 56, 58
differences, 40
Body and neck, boundary—
Single Comb White Leghorn Chicken, 39
White Pekin Duck, 54
Body and tail, boundary, 43
Body regions, techniques to determine, 638
Body tracts—
development of plumages in chicken—
breed differentiation, 230
color chart history, 209
molts in chicken, breed differentiation, 230
Böhm (1962), 489; (1963), 513; (1964), 489, 492
Böhm and von Davidoff (1910), 486
Boetticher (1929), 67, 598
Bogenfasern (German), proximal barbules,
curved fibers, 247
Bogenradii (German), proximal barbules,
curved fibers, 247
Bohlin (1947), 192
Bohren et al. (1943)v392, 393, 396, 397
Bolliger and Gross (1954), 380, 593
Bolliger and Varga (1961), 380
Bones—
Bronze Turkey, 12
skull, ventral view, 13

Bones—Continued
Single Comb White Leghorn Chicken, 34-36
35
See also specific bones.
Boobiesfoot webs, 64
rachis, lack of in natal downs, 265
Bootedspecies mentioned, 67
use of term, 65
Bornstein (1911), 344, 363
Borodulina (1966), 274, 275, 361
Bosch and Angula (1963), 567
Borstenfedern (German), defined, 273
Boulton (1927), 74,76, 77,84,89,91,93,262,441
Boundariesanatomical, neck and trunk. Common
Pigeon, 60
appendagesanterior, 56, 57
chicken and other species, 57-61
posterior, 61-72
arbitrary-—
neck and shoulder, Bronze Turkey, 45
neck and trunk—
Common Pigeon, 60
White Pekin Duck, 54
body and appendages regions, 33-72
Bronze Turkey, 46
Common Pigeon, 60, 61, 62
body and tail, 43
cervical patagium—
Bronze Turkey, 45
Common Coturnix, 50
White Pekin Duck, 54
contour feathers—
anterior feather tracts, ventral side, 285
main part and afterfeathers, 243
posterior feather tracts, ventral side, 288
cranium, White Pekin Duck, 21, 22
digits, chicken, 59, 60, 61
face, 13
White Pekin Duck, 22-25
feather tracts—
anterior, 281
bodychicken, 106-121
Common Coturnix, 128-139
Common Pigeon, 148-157
turkey, 121-127
White Pekin Duck, 139-148
headchicken, 97-101
Common Coturnix, 102-103
Common Pigeon, 103-104
turkey,101-102
White Pekin Duck, 103
introduction, 104-106
foot, 64-72
head regions, 5-33
African Goose, 24, 25
anseriforms, 20, 21
Bronze Turkey, radiograph, 15
Chinese Goose, 25
Common Pigeon, 26, 27
Egyptian Goose, 25
galliforms, 20, 21
Great Horned Owl, 32
differences mentioned, 30-33
Single Comb White Leghorn Chicken, 8, 9
White Pekin Duck, 21
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Boundaries—Continued
hyoid region, 18, 19
metatarsus regions, chicken, 67, 68
mouth, pharynx, 18
neck and shoulder—
Bronze Turkey, 49
Common Coturnix, 53
Common Pigeon, 62
Single Comb White Leghorn Chicken, 42
White Pekin Duck, 54, 56, 58
neck and trunk—
anatomical and arbitrary boundaries—
Bronze Turkey, 45
Common Coturnix, 50
Common Pigeon, 60
Single Comb White Leghorn Chicken, 39
White Pekin Duck, 54
Bronze Turkey, 45, 46, 49
Common Coturnix, 5Ö, 52, 53
Common Pigeon, 60, 61, 62
Single Comb White Leghorn Chicken 35,
37, 39, 41, 42
White Pekin Duck, 54, 56, 58
neck region, Single Comb White Leghorn
Chicken, 38-40
orbital regions, 13, 14
oropharynx, 18
patagia, 57
postdorsal and tail regions—
Bronze Turkey, 45, 46
Common Coturnix, 50, 52
Common Pigeon, 60
Single Comb White Leghorn Chicken, 41
White Pekin Duck, 54
posterior, variations in species, 48
postorbital regions, 14
postventer and tail—
Bronze Turkey, 46, 49
Common Pigeon, 62
Single Comb White Leghorn Chicken,
41, 42
pro- ^nd postdorsal regions, 50, 52, 56
Bronze Turkey, 45, 46
Common Pigeon, 60, 61
Single Comb White Leghorn Chicken, 41
White Pekin Duck, 54
pro- and postventer regionsBronze Turkey, 46, 49
Common Coturnix, 52, 53
Common Pigeon, 61, 62
Single Comb White Leghorn Chicken,
41, 42
White Pekin Duck, 56, 58
prolatal region and thigh—
Bronze Turkey, 45, 46
Common Coturnix, 50, 52
Single Comb White Leghorn Chicken,

39,41
White Pekin Duck, 54, 56, 58
prolatal region and wing—
Bronze Turkey, 45, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60-62
Single Comb White Leghorn Chicken,
39, 41, 42
White Pekin Duck, 54, 56, 58
shank, 61-64
submalar region, 19
suborbital regions, 14
tail regions—
chicken, 51, 52

Boundaries—Continued
tail regions—Continued
Common Coturnix, 55
Common Pigeon, 55
turkey, 52, 53, 55
White Pekin Duck, 55
thigh, 61-64
thigh and shank regions, Single Comb White
Leghorn Chicken, 63
thigh and trunk, Single Comb White Leghorn
Chicken, 47
topographic anatomy, variations, 1
trunk, 43-44
chicken, 44-48
Common Coturnix, 48
Common Pigeon, 51
defined, 43
turkey, 48
White Pekin Duck, 48
trunk and internal tail, Single Comb White
Leghorn Chicken, 41
wing and trunk, Single Comb White Leghorn
Chicken, 47
Bowen (1926), 623
Brachial tracts, principles of pterylosis, 79
Brachium, boundaries, 59
Brain, 9.
See also Forehead.
Brain case, internal ridge. Great Horned Owl,
33
Braus (1940), 486
Breathnach (1963), 416
Breathnach and Goodwin (1965), 416
Breathnach et al. (1963), 416
Breitschneider (communication, 1966), 504
Bremer (1940), 591
Bremer and Weatherford (1944), 486, 536
Brinckmann (1958), 246, 247, 248, 249, 256,257, 330, 407
Bristles, 271—
beard, microscopic structure, 575, 576, 577,
578, 579
Bronze Turkey, head, 324
ciliary, Common Coturnix, 20
color distribution, 273
defined, 270
discussion, 270
distribution, 270
eyelash, 271
function, 273
melanin function, 273
Ocellated Turkey, variation, 325
pennaceous barbules, 271
pith, 271
pulp caps, external, 271
pulp caps, internal, 271
rachis, 271
reduced plumulaceous, 271
remnant of sheath, 271
semibristles, 271, 273
structure and color, 272
stylet barbules, 271
superior umbilicus, 271
Broadbills, afterfeather type, 255
Brodkorb (1949), 194
Broman (1941), 213, 265, 345, 348
Bronze Turkey. See Turkey, Bronze.
Brown (1948), 648
Brumbaugh (1967), 363, 413, 414
Brush (1965), 384; (1966), 403; (1967a), 384;
(1967b), 401

Brush and Allen (1963), 257, 384, 401
Bucephala clangula, flight sounds, 257
Buchholz (1960), 476, 477
Budgerigar (Melopsittacus undulatus), afterfeather, 253
Bulbuls, filoplumes, 274
Bulliard (1926), 40, 572, 573, 575, 577, 579
Bump et al. (1947), 65, 231
Bureau (1877), 6; (1879), 197; (1911), 232;
(1913), 232
Burmeister (Neitzch, 1867), 269, 424
Bursa—
chicken and turkey, histology, 514-531
microscopic structure, 516, 517, 518, 525
Bursal cavities, microscopic structure, 524,
527, 528
Burt (1929), 76, 77, 78, 79, 80, 84, 93, 94, 441
Bürzeldocht (uropygial wick), defined, 268
Bustards—
definitive downs, orientation, 266
ventral teeth, 249
Butcherbird, Gray, beak, 6
Butorides virescens, simplified barbules, 251
Cairns (communication, 1958), 654
Cairns and Saunders (1954), 342, 347, 641
Calamus, 236, 237
bristles, 272
contour feather, 237, 238
White Pekin Duck, 328
coverts, table 296
definitive downs, 266
embryonic growth, 352
filoplume, 274, 275
formation, 380
length—
under carpal remex covert, 301
under major coverts, 301
upper major secondary, table, 299
natal down, 264
natal feathers, 265
oil gland feathers, 268
powder down, 270
primary remex, 239
rectrices, 256
length, table, 303
remiges, 256
primary, length, table, 292
secondary remex, 315
secondary remiges, length, 295
structure, 236
rectrices, caudal tract, 302
Calamus, (barrel), defined, 235
Calamus wall, basilar layer, 237
Calhoun (1954), 18
Canals, Bronze Turkey head, 15
Canals, semicircular. Great Horned Owl, 33
Cane and Spearman (1967), 379, 485, 486
Cape, use of term, 1
Capercaillie—
ramus, curved tegmen, 259
sequence of molts compared, 232
Capital tracts and apteria, pterylosis—
coturnix, 102
duck, 103
pigeon, 103
principles, 76, 77
turkey, 101, 102
Capital tracks, feathers—
Bronze Turkey—
bristles, 325

725

Capital tracks, feathers—^Continued
Bronze Turkey—Continued
discussion, 323, 325, 326
measurements, 325
chicken, 97-101
length of tract—
auricular, 308
coronal, 305
frontal, 305
genal, 307
interramai, 309
loral, 305, 306
malar, 307
occipital, 304
ocular, 308
rictal, 308
submalar, 309
superciliary, 307
temporal, 307
osprey, 76
Single Comb White Leghorn Chicken—
color chart, 209
development of plumages, 207
Caprimulgiform birds, remiges, friction zone
261
Capui (head), 5.
See also head.
Card (1961), 228, 233, 637
Cardinal—
crest, 10
pterylosis, loral tract, 100
Carinal apex, Single Comb White Leghorn
Chicken, 35
Carlisle (1925), 246, 259
Carotenoids—
deposition, 401
nature and occurrence, 400
relationship with melanin, 401-402
Carpal joints—
Bronze Turkey, 46, 49
Common Coturnix, 52
Common Pigeon, 61
Single Comb White Leghorn, 41
White Pekin Duck, 56, 58
Carpometacarpus, Single Comb White Leghorn
Chicken, 35
Carr (1957), 393
Caruncles—
Bronze Turkey, 45, 46, 49
microscopic structure, 571, 572
Carunculate skin of head, Bronze Turkey, 45
Casque, defined, 10
Cassowaries—
absence of filoplumes mentioned, 274
afterfeather type, 253
auricular region, 263
casque, 10
definitive downs, orientation, 266
toes, 65
Catbird, auricular plumage, 99
Cater and Lawrie (1950), 613, 619, 623
Cauda interpelvina, use of term, 43
Caudal apterium, dorsal side, tail, 302
Caudal indentation—
Bronze Turkey, 45, 46, 49
Single Comb White Leghorn Chicken, 42
Caudal tract feathers—
discussion, 302-304
rectrices, 302-303
upper major tail covert, 303
upper median tail coverts, 303, 304

Caudal tract feathers—Continued
tail eontour feather, 297
tail, dorsal, 302
ventral, under tail coverts, 304
Caudal tract, principles of pterylosis, 78
Caudal vertebrae, term defined, 43
Ceratobranchial, use of term, 18
Ceratobranchial bone, 15
Bronze Turkey, 12
Great Horned Owl, 33
CereCarolina Parakeet, 29
Columbiformes, 29
Common Pigeon, 26, 27, 60, 61
microscopic structure, 593-595, 593, 594,
595,596
Owl, microscopic structure, 592-593
Cerebellum, shape, 12
Cervical patagium—
Bronze Turkey, 45
Chicken, 57
Common Coturnix, 50
Common Pigeon, 60
Single Comb White Leghorn Chicken, 39
White Pekin Duck, 54, 58
Cervical tract, filoplumes, length, 315
Cervicoalar grooveBronze Turkey, 45
Common Coturnix, 50
Common Pigeon, 60
deñned, 38
Single Comb White Leghorn Chicken, 39
White Pekin Duck, 54
Chachalaca—
afterfeather type, 254, 255
sequence of molts compared, 232
Chamberlain (1943), 477
Chambers and Zweifach (1940), 500; (1944)
500, 501; (1947), 501
Champy (1935), 343
Champy and Demay (1930), 495, 564, 601
Champy and Kritch (1925a), 540, 541, 543;
(1926), 528, 531, 537, 543, 546, 547, 564,
565,567
Chandler (1914), 246, 249, 262, 268, 270, 272,
273, 274; (1916), 235, 241, 242, 244, 247,'
248, 249, 253, 255, 257, 258, 262, 266, 274,
275, 318, 328, 330, 333, 334, 338
Chapman (1920), 1
Charadriiform birds, filoplumes mentioned, 331
Chasen (1923), 64
Chertkova (1960), 656
Chicken—
Greater Prairie, sequence of molts compared
232
history, 2
plumage growth comparison by breeds,
228-230
Single Comb White Leghorn—
abdominaltract, semiplume, 310
afterfeather type, 253
alar tract feathers, upper marginal covert
on prepatagium, 299
antebrachium, 59
apteria, histology, 489-509
arm, 59
arm boundaries, 59
barb spacing, tables, 241, 259
barbs, 242
barbules, 246, 251
beak elevation, 9

Chicken—Continued
Single Comb White Leghorn—Continued
blade, 10
body and appendages regions, 41
dorsal view, 39
musculature view, 37
skeletal view% 35
ventral view, 42
body shape, 43
branched downy barbs, 312
comb, 9, 17
contour feather, 237, 243
dorsopelvic tract, 278-280, 282
genal tract, 314
head, 306
structure, 236
crown boundary, 11
development of plumages—
color charts, history—
body tract, 209
limb tract, 210
primary remiges, 207
rectrices, 208
secondary remiges, 208
embryo, 213
feather composition changes, 211-213
key to color charts, 206
rectrices, 206, 207
secondary remiges, 205
development of special feathers, 384-391
digits, 59
dorsal cervical feathers, mentioned, 252
down feathers, 264, 314
downy barb, 244
elbow, 59
feather (s)—
adult male, 278-318
shape, 284
apterial musclesgross morphology, 423-438
subgross morphology, 461-478
embryonic and follicle development,
347-353
muscles of neck, 423
shape, structure, texture, 278-318
tract (s)—
alar, wing, 300
dorsal side—
anterior, 281
left wing, 294
posterior, 283
left leg lateral surface, 291
left leg medial surface, 293
left thigh, 289
ventral side, posterior, 288
weight and count, change with age,
195
feet, 66
pigmentation, table, 399
scutellation, microscopic structure—
feathered, 598-602
nonfeathered, 595-597
structure and function of plates, 68
filoplumes—■
development, 388, 389, 390
length, table, 315
mentioned, 331
pelvic tract, 316
secondary remex, 315
forearm, 59
hand, 59
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Chicken—Continued
Single Comb White Leghorn—Continued
head, 9
contour feathers, 306
cranium, forehead region, 8-10
regions, 8
wattles, defined, 17
interpad spaces and digital pad distribution, 71
ligament structure, 37
metacarpal regions, 59, 61
metatarsal regions, 67, 68
molting, timing and order, 213-233
molts—
breed differentiation, 228
composition of feathering, 214-228
sequence, 214-228
study, 199
musculature structure, 37
neck region, 38-40
oblique ventral view, 240
occipital tract, 305
orientation of rami, barbules, downy
barbs, 313
pads and interpad spaces, coding, 72
patagia, 57
pectoral tract, 286
pelvic tract, 316
phalanx, 59, 60, 61
plumage development—
abdominal tracts, 209
alar tracts, 210, 211
back, 205
breed differentiation, 228, 229, 230
capital tracts, 207
crural tracts, 211
femoral tracts, 211
hand, 207
humeral tracts, 209, 210
neck, 204
pectoral tracts, 207, 209
spinal tracts, 207
sternal tract, 209
ventral cervical tracts, 207, 209
wing, 204, 206
posteroventral femoral tract, 290
pterylosis—
auricular tract, 99
capital tracts and apteria, 98
cloaca feather follicle distribution, 114
contour and dowm feathers, 118, 119
dorsal view, 105
excluding head, 104-121
feather count, table, 114
feather follicles in rows, 111, 113
hand and forearm, 120
lateral view, 106
rectrices to pygostyle, relationship, 115
uropygial eminence feather tract, 113
ventral view, 108
ptilosis, 157-175
digits, variability of feathers, table, 172
feather coat, 162
feather coat and tracts, 158, 161
feather weight and number, 193,195,196
rectrices and tail coverts, table, 161
remiges and coverts, 173-181
wing, 166
ragged wings, 384
ramus, absence of ventral ridges, 259
rectrices, length, table, 303

Chicken—Continued
Single Comb White Leghorn—Continued
regenerating contour feather, 372
regenerating feather, 367, 368
remiges, length, table—
primary, 292
secondary, 295
rictus, 18
rump, degree of slope, 44
scales of foot, 67
secondary remex barbule, variation, 298
selection for studies explained, 2
semiplumes—
abdominal tract, measurements, 287
pectoral tract, 286
sequence of molts compared, 231, 233
shoulder boundaries, 57, 59
skin, inner surface, 424, 427
sternal apterium and bursa, histology,
517-527
sternal tract, 287
tail—
feather tracts, dorsal side, 302
topographic anatomy, 51, 52
tail feather, 297
thigh, anterior, feather development, 20
days old, 203
thigh and shank regions, 63
topographic anatomy, head, 6-19
trunk, discussed, 44-51
ventral side, boundaries, 285
wing, abnormal ñloplume, 316
wing feather, 297
wing surfaces, 57
wrist, 59
Chicken, toesBantam, 65
Dorking, 65
FaveroUe, 65
Five-toed Breed, 66
Houdan, 65
Sultan, 65
White-faced Black Spanish, earlobes, 15, 16
Chindefined, 16, 17
terminology, 38
Choana, defined, 16
Choanae, Common Pigeon, 29
Chu (1938), 198, 229, 231, 343
Chukar—
neck region orientation, 38
sequence of molts compared, 232
Cilia—
remiges and rectrices, barbules, 260
ventral, friction barbule, 261
Cilium, pennaceous barb, 245, 246, 247
Clara (1925), 361, 545; (1929), 505, 513
Clark (1961), 17; (1964), 351; written communication, 264, 269
Clark (1918b), 157, 189, 190
Clarke (1939), 637
Clavicle, 57
Single Comb White Leghorn Chicken, 35
Claws—
Common Pigeon, 70, 71

digital—
Bronze Turkey, 45, 49
chicken, 68
Common Coturnix, 50, 53
Common Pigeon, 60, 62
microscopic structure, 606-609, 609

Claws—Continued
digital—Continued
Single Comb White Leghorn Chicken,
41, 42
White Pekin Duck, 54, 58
grouse, shedding, 197
Hoatzin, shedding, 197
ptarmigan, shedding, 197
Single Comb White Leghorn Chicken, 69
structure, 67
White Pekin Duck, 70, 71
Cloacal eminence, Common Coturnix, 50,
52,53
Cnemial crest, external. Single Comb White
Leghorn Chicken, 35
Cobb (1960), 12
Coccygeal vertebra, 5
Single Comb White Leghorn Chicken, 35
Cochoa sp., afterfeather, 253
Cohen (1959), 412, 415; (1965), 342, 365
(1966), 412, 415
Cohen and 'Espinasse (1961), 342, 364, 365
Coiter (1573), 341
Colies, definitive downs, orientation, 266
Collar, histology, 367, 368
Collum, 5.
See also neck.
Colors
bill, 419
black, defined, 402
blue, defined, 402
changes, 417-419
effect of diet, 400
effect of Tyndall scattering, 404
feather, adherent colors, 411, 412
feathers, 391-419
feathers and integument, 341-419
green, defined, 402
growing feather, gross appearance, 199
iridescent, 406-409
modifiers, 411-412
orientation of feathers, 411
noniridescent colors, 403-406
pattern formation, interaction of factors,
415-417
patterns of pigmentation, 412-417
pigmentary colors, 392-403
skin, 391-419
structural colors, 403-411
turkey, barbules, 408
white, defined, 402
whiteness, 410, 411
yellow, defined, 402
Columbiformes, cere, 29
Combs—
base section, microscopic structure, 541
blade, microscopic structure, 544
blood vessel tracing, techniques, 659
development and histology—
posthatching, 536-547
prehatching, 535-536
epidermis, microscopic structure, 545
gross morphology, 531-535
hybridization effect, 10
intermediate layer, 542
lipid secretions, 634
list of types, 533
microscopic structure, 531-547
molt process, 197
orientation, 9
parts, blade, 10, 532^
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Combs—Continued
plate, 9
point, microscopic structure, 546
sensory nerves, microscopic structure, 539
Single Comb White Leghorn Chicken, 9,
18, 39, 41, 42
structure, 17
types, 10, 531-535, 532, 534
Commercial Solvents Corporation (1966), 380
Committee on Animal Nutrition (1966), 380
Compton (1929), 78; (1938), 57, 76, 77, 79, 80,
83, 89, 90, 91, 94, 97, 98, 99, 100, 441
Condor, Andean, forehead, 10
Condyle, lateral, of tibia. Single Comb White
Leghorn Chicken, 35
Cone (1962), 257
Congdon et al. (1946), 487, 519
Connective tissues, staining techniques, 650,
651
Contour feathers—
afterfeather, 243
alar feather tracts, humeral tract, 295
boundaries, 281
Bronze Turkey, 318-323
method of identification, 318
tracts—
cervical—
afterfeather, color, downy part,
length, sex differentiation, shape,
texture, 320
crural, 322
dorsopelvic, 319
femoral, 322
interscapular—
afterfeather, downy part, 320
pectoral—
afterfeather, color, downy part, texture, 320
sternal, 321
color—
Bronze Turkey, 318
Common Turkey, 318
Common Coturnix—
afterfeather, 339
color, 338
downy barbs, texture, 338, 339
measurements, 338
pennaceous barbs, 339
shape, 338
structure, 338
Common Pigeon—
color, 331
dorsopelvic tract, 332
downy barbs, 332
gross appearance, 331, 332
measurements, 332
pennaceous barbs—
distal barbules, described, 333
proximal barbules, 333
shape, 332
texture, 332
compared with filoplume structure, 391
development of, 389
disparity with plumule, 267
dorsal cervical tract, 280-282
dorsopelvic tract, 278-280
Beltsville White Turkey, 321
Single Comb White Leghorn Chicken, 282
textural pattern, 279
duck, natal and juvenal, 355
growth, 376

Contour feathers—Continued
Cortex—
Coverts—Continued
head, 306
downy barb ramus, 244
ear, White Pekin Duck, exceptional afterinterscapular tract, 280
pennaceous barb, 247
tuft, 330
late immature, 314
remex, pennaceous barb tegmen, 258
friction barbules, 261
layers of epidermis and dermis, 238
Cortical layer, pennaceous barb, 245
hand, under marginal, 300
main part of feather, 243
Corpus corone, 12
head, 306
mature, 314
Coturnix, Common—
length—
measurement tracts—
barb spacing, table, 241
tail, caudal tract, 303
alar, 291
body and appendages regions, 50, 52, 53
under carpal remex, 301
crural, 289
contour feathers—
under major primary, 301
dorsopelvic, 279, 280
afterfeather, 339
under marginal, 301
femoral, 287
color, 338
under minor secondary, 301
humeral, 290
downy barbs, texture, 338, 339
under tail, ventral caudal tract, 304
interscapular, 280
gross appearance, 338
upper median tail, 303
pectoral, 283-286
measurements, 338
major upper secondary, midimmature, 315
sternal, 286
pennaceous barbs, 339
measurements—
ventral cervical, 283
shape, 338
downy part, 301
midimmature, 314
structure, 338
upper alular, 300
occipital tract, 305
downy feathers, 318
upper major primary, 296
occurrence of regeneration, 363
color, 338-340
upper major secondary, 296
pectoraFtract, 286
measurement, 340
upper median secondary, 298
pelvic tract, 316
shape, 338-340
upper minor primary, upper marginal
posteroventral femoral tract, 290
structure, 338-340
coverts of hand, 296
powder feather. Archangel Pigeon, 337
texture, 338-340
upper minor secondary, upper marginal
regeneration, development and structure,
feather and apterial muscles, 447-449
coverts of prepatagium, 299, 300
363-385
filoplumes, measurements, 340
prepatagium, under marginal, 300
relationship to tissue layers, microscopic
head, ventral surface, 20
ptilosis, 192
structure, 513
interpad spaces and digital pad distribution,
chicken, 173-181
sternal tract, 287
71
sequence of molts compared, gallinaceous
structure, Bronze Turkey, 318-328
metatarsal regions, 68
birds, 231
tail, 297
neck region, differences, 36, 40
Single Comb White Leghorn Chickentextural pattern, 279
oil gland feathers—
development of plumages, 204, 205
texture. Bronze Turkey, 318-328
lack of rachis, 268
feather development, 202
White Pekin Duckmeasurement, 340
tail—
aft er feather measurement, 330
pads and interpads, coding, 72
downy part, measurements, 303
color, 328
phalanx, 60
upper major, 302
dorsopelvic tract, 328
pterylosis—
upper median, 302
downy barbs, measurements, 332
contour and down feathers, 136, 137
under major primary, under major secondary,
measurements, 328
dorsal view, 130
under median secondary, under minor
pennaceous barbs, 329, 330
head, 102
primary, 300
shape, 328
lateral view. 131
length, 301
texture, 328
loral tract, 100
under minor secondary, 300
wing, 297
remiges, 139
upper alular, length, 300
See also Feathers, structure.
remiges, variations, table, 135
upper major primary, length, table, 296
Coots—
ventral view, 133
upper major secondary, calamus length,
filoplume mentioned, 331
pterylosis excluding head, 128-139
table, 299
shield, 10
ptilosis, 182-183
upper marginal, prepatagium, 299, 323
Copenhaver (1964), 485, 500, 554, 567
rectrices, shape, 340
White Pekin DuckCoproporphjo-in in color formation, 403
regions of head, differences noted, 19, 20
upper marginal of prepatagium absence of
Copula 1, 18
remiges, shape, 340
aftertuft, 330
Copula 2, 18
rictus, 20
upper minor tail aftertuft, 330
Coraciiform birds—
selection for studies explained, 2
Cowbird, feather weight and count, 194
definitive downs, orientation, 266
semiplumes, measurements, 340
Cowdry and Kitchen (1930), 585
foot regions, 64
sequence of molts compared, 231
Cranes—
Coracoid, 57
shape of rump, 44
beak, 6
Single Comb White Leghorn Chicken, 35
tail, differences mentioned, 48, 51
Crowned—
Cormorants—
tail region, discussed, 55
bristles, 272
definitive downs, orientation, 266
thigh and shank regions, 64
crest, 10
disparity in afterfeathers, 13, 267
trunk, variations of species, 48
downy barbules, 244
down feathers, 264
See also quail.
flexules, 248
downy barbules, 244
Coues (1903), 1, 5, 7, 16, 18, 23, 24, 29, 36, 38,
nasal regions variations, 23
filoplumes, 274
43, 62, 65, 67, 78, 84, 240, 270, 418, 591
Cranium—
filoplumes barbs, 276
Coverts—
base of head, 12
foot webs, 64
afterfeather, 299
Common Coturnix—
ramus, ventral ridges, 259
alar tract feathers, 294
crown region, 10, 12, 19
Cormorant, Double-crested, shape of brain, 12
described, 296, 298, 299, 300, 301
forehead region, discussed, 19
Cornish Chicken, feather weight and count, 193
alula, under marginal, 300
Common Pigeon, 27-28
Coronal tract feathers, length, 305
Bronze Turkey, upper major primary, 323
eyes, effect of size and placement, 12
Coronoid process. White Pekin Duck, 21
Common Pigeon, under major secondary, 333
forehead region, 8-10
Corpus cristae, 9
development of plumages. Single Comb
Great Horned Owl, 30-31
Corpuscle, folhcle innervation, 361, 362
White Leghorn Chicken, left wing, 206
Single Comb White Leghorn Chicken, 8-12
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Cranium—Continu ed
skull, shape of, in relation to shape of brain,
12
White Pekin Duck, 21, 22
Crawford (1961), 533
Crest—
two types, 10
variation in breeds, 10
Crispens and Eastlick (1960), 494, 496
Crop region, Single Comb White Leghorn
Chicken, 41, 42
Crow—
barb spacing, table, 241, 259
posthumeral tract, 83
semibristles, 273
ventral teeth, 249
Crow, Carrion, brain, shape, 12
Crown—
African Goose, 24
boundaries, 11
Bronze Turkey, 10, 11
Common Coturnix, 19
Common Pigeon, 26, 27
defined^ 8
discussed 10-12
Great Horned Owl, 30, 31, 32
Mallard Duck, 20
Single Comb White Leghorn Chicken, 8,
9,39
White Pekin Duck, 22
Crural apterium, feather tract, left leg, lateral
and medial surface. Single Comb White
Leghorn Chicken, 291, 293
Crural patagium. White Pekin Duck, 58
Cubital apterium—
alar tract feathers, 294
under, 300
Cuckoos—
afterfeather type, 254, 255
bristles, eyelash, 272
definitive downs, orientation, 266
prickles, 249
semibristles, 273
special feathers, 384
type of toes, 65
Cuckoo-rollers, powder down, 269
Culmen—
Bronze Turkey, 10
Common Pigeon, 26
defined, 16
Great Horned Owl, 30
Mallard Duck, 20
Single Comb White Leghorn Chicken, 8, 9
Cummins (1966), 487
Cunningham (1903), 162
Curassows—
afterfeathers, 253
crest, 10
oil gland feathering variation, 269
sequence of molts compared, 231
Curlews, beak, 6
Curlew, Bristle-thighed, exceptional bristle
distribution, 270
Cushion comb, 10
Dallas (Sundevall, 1886), 117
Dane and Herman (1963), 494
Danforth (1919), 65, 598, 601, 602; (1929b).
342; (1958), 2
Danneel and Schumann (1963), 393, 415, 416
Das and Ghosh (1959), 623, 624

Dathe (1955), 363
Davenport (1909), 16, 534; (1914), 3
Davies (1889), 341, 344, 349, 364, 367
Day (1966), 245, 318
de Beer (1954), 91, 192, 344
Definitive downs, 266
Definitive plumage, term defined, 198
Degen (1894), 80, 84, 90, 187, 192
deKock (1955), 18
Delacour (1951), 232
Delacour and Mayr (1946), 1
Deltoid crest. Single Comb White Leghorn
Chicken, 35
De May (1942), 73
Dement'ev (1958), 363
Dendrocygna javanica, feathers, flight sounds,
257
Dens nodosus, defined, 244
Dentary bone region—
Bronze Turkey, 12
Common Pigeon, 28
White Pekin Duck, 21
Dermestid colony, management, 641
Dermis, terminology, 486-489
Desselberger (1930), 343, 401
Dettmer (1952), 504
Dewar (1909), 270
Dewlap—
African Goose, 24
Bronze Turkey, 10, 46, 49
Silkie Bantam, 547
variation mentioned, 25
Diastataxic birds, 88
Dickerson (1964), 379
Digital claws—
Bronze Turkey, 45, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 62
histology, 606-609
microscopic structure, 606-609
Single Comb White Leghorn Chicken, 68,
39, 41, 42
White Pekin Duck, 54, 58
Digital pads (DP), 72
Bronze Turkey, 45, 46
Common Coturnix, 50, 52
Common Pigeon, 60, 70
distribution of, on toes of 5 species, 71
Single Comb White Leghorn Chicken, 39
White Pekin Duck, 54, 70
Digit regions—
Bronze Turkey, 45
Common Coturnix, 53
Single Comb White Leghorn Chicken, 39,
41,42
Digits—
Bronze Turkey, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
feathered and nonfeathered list, 599
ptilosis, variability of feathers, table, 172
Single Comb White Leghorn Chicken, 42,
69, 57-61
White Pekin Duck, 54, 56, 58
Dodson (1967), 347
Domestic birds, dorsopelvic tract, feather
structure, 278
Domm (1931), 612
Dopa, defined, 392
Dorland (1957), 80, 487
Dornenwald (German): ^'forest of spines'^ 261
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Dorsal tract, filoplumes, length, table, 315
Dorsopelvic tract feathers, 302
Dorst (1951), 396, 406, 409
Dorsum, use of term defined, 43
Doves—
barb spacing, table, 241
feather weight and count, 194
special feathers, 384
Dove, Mourning, barb spacing, table, 259
Down feathers, 264
adult, 267
afterfeather, 267
calamus, 267
hyporachis, 267
internal pulp cap, 267
plumulaceous barbule, 267
rachis, 267
ramus, 267
remnant of sheath, 267
alar tract feathers, 294
apteria muscles, 451
apterium downs, 266
barbs—
orientation, table, 313
structure, 314, 315
barbule size, table, 313
branched barbs, 312
branching, table, 313
Beltsville White Turkey, lateral body apterium,
327
body downs, oil gland, length compared,
table, 268
Bronze Turkey—
abdominal tract, 321
cervical tracts, 320
crural tract, 322
dorsopelvic tract, 319
femoral tract, 322
humeral tract, 322
interscapular tract, 320
measurements, shape, texture, 326, 327
oil gland feathers, 327
pectoral tract, 320
rectrices, 323
upper marginal coverts of prepatagium, 323
Common Coturnix, measurements, 334
Common Pigeon—
lateral body apterium, 334
measurements, 334
texture, 334
definitive, 266
discussion, 264, 313-316
disparity in afterfeather, between contour
feather and plumule, table, 267
distribution, 313, 314
duck, natal and juvenal, 356
feather and apterial muscles, 467
gross appearance, 313-314
lack of in some species, 264
lateral cervical apterium, 314
length, 313
measurements—
occipital tract feathers, 304
oil gland feathers, 315
posthumeral tract, 300
subhumeral tract, 301
tail coverts, 303, 304
under forearm tract, 301
under marginal coverts, 301
under median secondary coverts, 301
under minor primary coverts, 301

Down feathers—Continued
measurements—Continued
under minor secondary coverts, 301
under prepatagial apterium, 301
upper median tail coverts, 303
method of identification, 277
natal, 199, 284
calamus, 264
defined, 197, 199
plumulaceous barbule, 264
rachis, 264
sequence of molts, gallinaceous birds, 231
sheath remnant, 264
structure, 265
oil gland feathers, 267-269, 315, 316
powder.—
Archangel Pigeon, 337
discussion, 269-270
sequence of growth, 265
Single Comb White Leghorn Chickendevelopment, 202
development of plumage, hand, 205
sternal tract, Bronze Turkey, measurements
and texture, 321
structure, 311
tail, 302
texture, 311
factors affecting characteristics, 313
variation, 310, 311
tract downs, 266
under distal primary, 300
under proximal secondary, 300
vanule expansion, table, 313
variations of sequence, 264
White Pekin Duckbody downs, 330, 331
dorsopelvic tract, 331
oil gland feather, measurement, 331
shape, 331
texture, 331
use of downs, mentioned, 330
Downy barbs—
barbules, 244
contour feathers—
Common Coturnix, 338, 339
White Pekin Duck, 328, 329
cross section, 244
ramus, 244
Downy barbules, plumulaceous, 242
Dreyfuss (1937), 361, 366
Dronga, Greater Racket-tailed (Dicrurus
paradiseus), rectrices, tips, 257
Duck, Aylesbury, method of feather identification, 277
Duck, crested, crest mentioned, 330
Duck, Mallardbarb spacing, tables, 241, 259
beak, 6
head regions (deplumed), 20
oil gland feathers, lack of rachis, 268
plumulaceous barbules, 329
simplified barbules, 251
skull, shape, relationship to shape of brain, 12
Duck, Mandarin—
barb length, 257
remiges, 256, 257, 330
Duck, Muscovy—
head region boundaries, 25
head regions, 24
method of feather identification, 277
nasal region variation, 23

Duck, White Campbell, method of further
identification, 277
Duck, White Pekin—
afterfeather, 253
afterfeather types, 255
aftertuft structure, 330
beak, 6
beak covering, 16
body and appendages regions, 54, 56, 58
body shape, 43
boundaries of head regions, 21
cancellate, 67
claws, 71
contour feather—
afterfeather measurements, 330
dorsopelvic tract, 328
downy barbs, texture, 328, 329
gross appearance, 328
pennaceous barbs, 329, 330
sex differentiation, 328
definitive downs, orientation, 266
down feathers, 264
body downs, gross appearance, 330
discussed, 330, 331
dorsopelvic tract, 331
width of base (barbules), 267
downy barbules, 244
ear coverts, 262
afterfeather exceptional, 330
embryonic development of feather and
follicles, 353-357
differences to chicken, 353
stages of growth, 350
feather and apterial muscles, 449-457
feather shape, structure, and texture, 328-331
feet, 66
filoplume barbules, 275
filoplume rachis size, 275
filoplumes, location and measurements, 331
filoplumes in downs, 274
food habits, 24
foot, 64
head regions, 21-25
interpad spaces and digital pad distribution,
71
joints, digital pads and interpad spaces, 70
mesoptiles, embryonic development, 354, 356
metatarsus regions, 68, 71
method of feather identification, 277
nasal opening, 15
natal and juvenal contour feathers, 355
natal and juvenal down feathers, 356
natal and juvenal filoplumes, 356
neck region—
differences, 40
vertebral joint difference, 36
oil gland feathers, rachis variation, 268
oil gland skin, 268
pads and interpad spaces, coding, 72
phalanx, 60
posthumeral tract, 82
prefiloplumes, embryonic development, 357
prepennae, 264
embryonic development, 354
preplumules, 264
embryonic development, 356, 357
prickles, 249
pterylosis—
contour feathers, 146, 147
dorsal view, 141
excluding head, 139-148
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Duck, White Pekin—Continued
pterylosis—Continued
head, 103, 104
lateral view, 142
ventral view, 144
ptilosis, 187-188
ramus—
flat tegmen, 259
ventral ridges, 259
rectrices, 330
remiges—
cause of flight sounds, 257
measurements, 330
pennaceous barbs, 329
shape, 330
structure, 330
scales of foot, 71
selection for studies explained, 2
simplified barbules, 251
skull, 22
skull differences, 26
sternal apterium and bursa histology,
528-530
suborbital region, size, 14
tail differences mentioned, 51
tail region discussed, 55
thigh and shank regions, 64
trunk—■
discussion, 48, 51
variation of species, 48
waterproof plumage, 245
web of foot, 71
Duerden (1920), 65
Duncan (1964), 361
Dunenradius (German), downy barbule, 242
Dunn and Glessing (1929), 601
Dunn and Landauer (1930), 228, 229, 230
Durrer (1962), 409; (1965), 407, 412
Durrer and Villiger (1962), 343, 409; (1966),
343, 409
Dwight (1900), 193, 198; (1900a), 80, 197;
(1900b), 231
Dyck (1966), 392

Eagles—
feathers, notched, 257
ramus, ventral ridges, 259
EarCommon Pigeon, 61
external, microscopic structure of sebaceous
glands, 635
external canal, lipoid secretions in, 635
White Pekin Duck, 54
Ear canal, osseous external, 13
Ear coverts—
anterior, Bronze Turkey, 324, 325
discussion, 262-263
White Pekin Duck, exceptional afterfeather,
330
Ear fossa, external and middle—■
Bronze Turkey, 12
White Pekin Duck, 22
Ear openings—
auricular region, 14, 15
Bronze Turkey, 10, 45
Common Coturnix, 50
Common Pigeon, 26
Great Horned Owl, 31, 32, 33
Mallard Duck, 20
Single Comb White Leghorn Chicken, 8, 9

Ear regions—
Bronze Turkey, 10, 11
Common Pigeon, 26, 27, 28
Great Horned Owl, 30, 31
Single Comb White Leghorn Chicken, 8
White Pekin Duck, 21
Ear tufts on various birds, 263
Earlobes—
blood vessel tracing techniques, 659
defined, 15
gross morphology and histology, chicken,
558-564
microscopic structure, 558-564, 559, 560,
561, 562, 563, 564, 565
pterylosis, 10
Single Comb White Leghorn Chicken, 8, 39
variation in breeds, 15
ventral surface, 306
White-faced Black Spanish Chicken, 16
Eastlick and Wortham (1947), 505
Eastman Kodak Co. (1960), 640; (1962), 670
Eaton (1910), 43
Ecdysis, defined, 197
Ectepicondyle, Single Comb White Leghorn
Chicken, 35
Ede (1964), 4, 57
Edinger (1941), 12
Egg callosity, defined, 17
Egg caruncle, defined, 17
Egg tooth, defined, 17
''Eischwiele," defined, 17
Eiselen (1939), 269, 335, 338, 369, 384, 386
Eisenmann (1965), 198
Elbow boundaries, chicken, 59
Elbow joints—
Bronze Turkey, 45, 46, 49
Common Coturnix, 50
Common Pigeon, 60, 62
Single Comb White Leghorn Chicken, 39, 42
White Pekin Duck, 54
Elbow regions
Bronze Turkey, 45, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
Single Comb White Leghorn Chicken, 39,
41,42
White Pekin Duck, 54, 56, 58
Elder (1954), 418, 613
Elkner and Slonimski (1927), 543; (1930),
541, 543
Ellenberger, Baum, and Dittrich (1956), 637
Elsässer (1925), 409
Embryo, Single Comb White Leghorn
Chicken—
molting sequence, 213
plumage of, 213
Emus—
absence of filoplumes mentioned, 274
afterfeather type, 253
Endoglossal, use of term, 18
Endoglossum, defined, 18
Enlow and Brown (1956), 588
Entepicondyle, Single Comb White Leghorn
Chicken, 35
Epibranchial, term, 18
Epibranchial bone, 15
Bronze Turkey, 12
Great Horned Owl, 33
Epibranchial cartilage, Common Coturnix, 20
Epidermal collar, contour feather, 238
Epidermis, terminology, 485-486

Epithehal cord, microscopic structure, 496
Epithelium, feather layers, 238
^Espinasse (1939), 343, 371; (1964), 349, 353,
370, 371
Esther (1938), 618
Eutaxic forms, 88, 89
Evans (1899), 1
Evolution—
degree of separation, visceral organs, 43
implications of feather development, 344
Ewart (1921), 255, 264, 265, 266, 345, 354, 388
Eyes
Common Coturnix, 50
Common Pigeon, 62
effect of size and placement on cranium, 12
location, 12
White Pekin Duck, 54
Eyelash (bristle), Bronze Turkey, 324, 325
Eyelids—
Bronze Turkey, 10
Common Pigeon, 26
filoplume length, 315
function, 13, 14
Mallard Duck, 20
Single Comb White Leghorn Chicken, 8, 42
Exoccipital bone region, 13
Bronze Turkey, 12

Face—
boundary, 13
Common Coturnix, 19
Common Pigeon, 28, 29
discussed, 12-18
Great Horned Owl, 31-33
White-faced Black Spanish Chicken, 16
White Pekin Duck, 22-25
Fades, 12
Falcon—
afterfeather type, 253
barbicel, 248
ventral teeth, 248
Farquhar (1961), 500
Fat, staining techniques, 651-652
Fatio (1866), 403, 418
Fat quills. Common Pigeon, powder feathers,
338
Fawcett (1963), 500
Fawcett et al. (1959), 537
Feathers—
basal end, microscopic structure, 512
blastema, 385
formation, 384
migration of melanocytes, 395
relationship of foüicle, 363, 364
body down, oil gland, and length compared,
table, 14, 268
boundaries—
alar tract, 300
dorsopelvic tract, 279-280
interscapular tract, 280
bristles, function, 273
calamus, definitive downs, 266
chemistry, 380
chicken—
junction of muscle with folhcle, 358
regenerating, and its follicle, 360
regenerating contour feather, 372
color, 272, 341-419
Bronze Turkey, 318-328
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Feathers—Continued
color—Continued
filoplume, 327
rectrices, 323
rémiges, 322
tracts—■
abdominal, 321
crural, 322
dorsal cervical, 320
dorsopelvic, 319
femoral, 322
humeral, 322
interscapular, 320
pectoral, 320
sternal, 321
ventral cervical, 320
Common Coturnix, 338
Common Pigeon, filoplume, 338
history of research, 341-346
melanin deposition, 396
regenerating feathers, stains used, 395
White Pekin Duck, 328
color chart, molting—
body tract, 209
key to color charts, 206
limb tract, 210
primary remiges, 207
rectrices, 208
secondary remiges, 208
Common Pigeon, 331-338
completion of embryonic grow^th, 352
composition changes, Single Comb White
Leghorn Chicken, 211-213
contour feather—
development and structure of regenerating,
363-385, 389
growing, 376
relationship to tissue layers of skin, 513
contour feather regeneration, 367, 368
development, 200
development of special feathers, 384-391
differentiation, summary, 384
domestic birds, shape, structure, and texture,
277-340
downs
definitive downs^—■
defined, 266
distribution, 266
detailed illustration, 264
discussion, 264
powder downs, discussion, 269-270
duck, natal and juvenal contour feathers, 355
ear coverts, discussion, 262-263
embryo, 213
embryonic development and structure, 347357
embryonic stages of natal downs, 350
emerging from skin, microscopic structure,
510
evolution of, mentioned, 255
facial. White Pekin Duck, aftertuft, 330
feather parts, techniques of studying, 641644
filoplumes, 274-276
final steps in development, 380-384
follicles—
nerves of, 480
outside skin, 483
friction, 260
growing feathers—
back, 62 days old, 205

Feathers—Continued
growing feathers—Continued
gross appearance, 199-203
hard, left, dorsal side—
1 day old, 201
8 days old, 201
24 days old, 202
25 days old, 203
microscopic structure of, 511
neck, 26 days old, 204
rectrices, 206
rémiges, primary, 203
24 days old, 202
25 days old, 202
47 days old, 202
57 days old, 205
remiges, secondary, 205
91 days old, 206
thigh—
20 days old, 203
growth—
discussed, 197-233, 341-419
history of research, 341-346
review of arrangement, 378
growth records, techniques used, 639
identification, Common Pigeon, 332
identification by sheen, 330
keratinization, 378-380
length, 277
measurements—
Bronze Turkey—
capital tract, 323-326
coverts, 323
downs, 326, 327
oil gland feathers, 327
rectrices, 323
remiges, 322, 323
semiplumes, 326
Common Pigeon—
contour feather, 332
downs, 334
downy barbs, 332
filoplume, 338
rectrices, 334
remiges, 334
semiplumes, 334, 335
filoplume, 327
White Pekin Duck, 328
afterfeather, 330
downs, 331
filoplumes, 331
rectrices, 330
remiges, 330
molting—
sequence in chickens, table, 229
timing and order, 213-233
chicken, tracts—
abdominal, 209
alar, 210
capital, 207
cervical, ventral, 207
crural, 211
caudal, ventral, 211
femoral, 211
humeral, 209
pectoral, 207
spinal, 207
sternal, 209
molts—
chickens, breed differentiation, 228-230

Feathers—Continued
molts—Continued
Single Comb White Leghorn Chicken,
composition and sequence of feathers,
214-228
morphogenesis—
analytical approach, 341-342
descriptive approach, 341
mounting, 643-644
muscles—
association with follicles, 462, 463, 465,
466, 467, 468, 469, 471
blood vessels and nerves, 478
crural tract, 440
dorsal tract, 482
duck, 452
femoral tract, 457, 463, 464, 481
gross morphology, 421-461
hand, 445
micromorphology and physiology, 478-484
morphological techniques used, 421-422
neck, 423, 448, 458
pelvic tract, 460
release of feathers, 481-484
skin of back, 424, 427
skin, 1-day-old chick, 427
skin of tail, 430, 431
subgross morphology, 461-478
thigh, 438, 446
trunk, 428, 429
wing, 433, 434, 436, 454, 455
oil gland feathers, 267-269
order of growth of feather parts, 351
preplumules, prepennae, 264
pulp caps, formation, 383
pulp formation, cross section, 376
rachis, definitive downs, 266
relationship to scales, microscopic structure,
600
role of hormones in growth, 343
semiplumes, 263
sequence, development, 199, 200
shape—
Beltsville White Turkey, 327, 328
Bronze Turkey—
capital tract, 323-326
coverts, 323
downs, 326, 327
rectrices, 323
remiges, 322, 323
semiplumes, 326
changes in successive generations, 284
Common Pigeon—
contour feather, 332
powder feathers, 336
measurement methods explained, 277
White Pekin Duck, 328
down, 331
rectrices, 330
remiges, 330
Single Comb White Leghorn Chicken, 278318
size, changes in successive generations, 284
size, shape, texture, caudal tracts, 302-304
stages of growth, 351-352
staining techniques, 642, 642, 643, 643, 644
structure—
after feather, 252-254
types, 254
barb, pennaeeous, 241
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Feathers—Continued
structure—Continued
barbs, number and spacing, 240
plumulaceous (downy) barb, 244
barbules
plumulaceous (downy), 244
simplified types, 251
Beltsville White Turkey, 327, 328
Blue-winged Teal, oil gland feather, 331
body feathers—
calamus, 237
rachis, 237
discussion, 237
proximal end, 237
vanes, 239-241
bristles, 270-272
semibristles, 273
calamus, 236
Common Pigeon—
filoplume, 338
powders, 335
contour feathers, 243
barbs—
general discussion, 239-241
pennaceous, 245
pennaceous barbules, 247
vanes, 252
barbs spacing, table, 241
barbules, 242-251
discussion, 235-263
layers of epidermis and dermis, 238
oblique ventral view, 240
rachis, 240
rami, attachment to rachis, 240
shaft (quill), 235
superior umbilicus, 239
emarginate, 257
incised, 257
main parts of contour feathers. Single
Comb White Leghorn Chicken, 236
ramus, 241, 241-242
remex, pennaceous barbules, 246
remiges, 255-262
barbs, 242, 256, 257, 258
barbules, 259, 260, 261
calamus, 256
rachis, 256
ramus, 258, 259
vanes, 256, 257, 258
remiges and rectrices^—
barbs, 256, 257, 258
barbules, 259, 260, 261
calamus, 256
friction barbules, 261
general discussion, 255-262
rachis, 256
ramus, 258, 259
vanes, 256, 257, 258
shape, 240
terms of orientation, 235
vanes—
pennaceous barbs, 258
size, 240
White Pekin Duck, filoplumes, 331
techniques of photographing, 668-670
texture—
Bronze Turkey—
capital tract, 323-326
coverts, 323
downs, 326, 327
rectrices, 323

Feathers—Continued
texture—Continued
Bronze Turkey—Continued
remiges, 322, 323
semiplumes, 326
Common Pigeon—
contour feather, 332
downy barbs, 332
pennaceous barb, 332
downs, 334
powder, 335
rectrices, 334
remiges, 334
semiplumes, 334, 335
contour feather, Bronze Turkey, 319
White Pekin Duck, 328
down, 331
turkey, melanin granules, 397
washing, 642

width, 277
Feather caps, 236
Feather coat—
chicken, ptilosis, 162, 163
defined, 73, 197
Feather germ—
differentiation, 349
origin of, 347
Feather orientation—
color modifiers, 411
contour feather, diagrams, 238
Feather sheath, remnant, 237, 239
Feather tract—■
alar tract—
under forearm, 300
under prepatagial apterium, 300
barb spacing, table, 241
capital tract—
discussed, S04, 309
pterylosis, defined, 76
crural tract—
lateral surface, 291
medial surface, 293
down feathers, 313-316
pterylosis of owl—
dorsal view, 85
lateral view, 86
ventral view, 87
strong, defined, 76
tail, dorsal side, 302
under forearm, 300
use of term, 74, 76
weak, defined, 76
Feather weight and number—
Bobolink, table, 193, 194
chicken—
change with age, 195
table, 193
wild birds—
effect of season, 194
feather weight, 194
Fehringer (1912), 274, 275
Femur—
knee region, 68
Single Comb White Leghorn Chicken, 35
trochanter, chicken, 35
Fibula, chicken, 35
Filoplumes—
abnormal, 316
absences of in certain species, 274
apical barbs, 274, 275
basal barb, 274, 275

Filoplumes—Continued
Bronze Turkey—
comparison with chickens, 327
measurement, 327
calamus, 274, 275
Common Coturnix, measurements, 340
Common Pigeon, rectrices, remiges, and
structure, 338
compared with contour feather structure, 391
defined, 274
development, 274, 389, 390
distribution, 274-275
duck, natal and juvenal, 356
function, 275
gross aspect of developing, 388
growth, 275
head, 314
histology, 390-391
internal pulp cap, 274
late immature, 275
length, table, 315
location, 316, 318
number, size, and placement, 274
pelvic tract, 316
proximal portion in sheath, 274
rachis, 274, 275
relationship to tissue layers of skin, microscopic structure, 513
schedule of development, 388
secondary remex, 315
Single Comb White Leghorn—
structure, 318
wing, development of plumage, 204
size, 318
stages of development, 271
structure, 275
superior umbilicus, 274
White Pekin Duck, measurements and
structure, 331
Filshie and Rogers (1962), 342
Finch, color of ramus, 404
Finerty and Cowdry (1960), 485
Fisher (1940), 60; (1943), 76; (1946), 4, 473
Fitzpatrick et al. (1965), 417; (1966), 393, 416
Flake-feathers, defined, 269
Flamingos—
beak, 6, 7
definitive downs, orientation, 266
oil gland feathers, arrangement, 268
toes, 65
Flange, dorsal, pennaceous barb, 245, 246, 247
Flesch et al. (1966), 392
Flexules, defined, 248
Flicker—
Red-shafted, hyoid structure, 19
Yellow-shafted—
afterfeather type, detailed illustration, 254
barbs spacing, table, 259
cross section of barbs, 242
Flight feathers, 257.
See also remiges and rectrices.
Flight sounds, remiges, 261
Flufï, use of term, 1
Flycatcher—
bristle location, 270
feather weight and count, 194
function of bristles, 273
Follicles
anatomy and physiology studies, 344
blood vessel arrangement, 360
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Follicles—^Continued
chicken—
and regenerating feather, 360
junction with feather muscle, 358
completion of embryonic growth, 352
embryonic development and structure, 347359
formation, 349
fully grown and associated structures, 357
growth, 341-419
history of research, 341-346
growth and morphology, 357
innervation—
avian lamellar corpuscles, 361, 362
nerves of feather muscles, 361
nerves of papilla and pulp, 361
nerves of wall, 361-362
neck, microscopic structure, 511
relationship to feather blastema, 363, 364
relationship to tissue layers of dermis, 512
retention of feather, 362-363
stages of growth, 351-352
wall, 238
histology, 358
peculiar features, 358
Footancestry of phalangeal formula, 65, 67
chicken, 67, 68
pigmentation, table, 399
classification of, 65
color, 399
Common Coturnix, 68
diversity of functions, 62
elevated type, 65
feathered and nonfeathered metatarsi and
digits, list, 599
microscopic structure, terminology, 595-597
modifications, 64
pads and interpad spaces, 71, 72
palmate type, 64, 65
regions, 64-72
Bronze Turkey, 49
Common Coturnix, 53
Single Comb White Leghorn Chicken, 42
scutellation of feathered, microscopic structure, 598-602
scutellation of nonfeathered, microscopic
structure, 595-597
turkey, regions and surfaces, 68
types of feathering, 601
variation in species, 66
White Pekin Duck, 68, 71
Foramen for olfactory nerve. White Pekin
Duck, 22
Foramen for optic nerve. White Pekin Duck, 22
Foramen magnum, 13
Foramen, mandibular, Bronze Turkey, 12
Forbes (1882), 269
Forearm—
Bronze Turkey, 45, 46
chicken, boundaries, 59
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
Single Comb White Leghorn Chicken, 39,
41,42
White Pekin Duck, 56, 58
Forearm tract feathers—
length, 301
under, 300
Forehead—
African Goose, 24

Forehead—Continued
boundaries and regions, 8-10
Bronze Turkey, 10, 11
Common Coturnix, 19
Common Pigeon, 26, 27
Great Horned Owl, 30, 30, 31, 32
Mallard Duck, 20
Single Comb White Leghorn Chicken, 8, 9
White Pekin Duck, 21, 22
Fossa, axillaryBronze Turkey, 46, 49
Common Coturnix, 52, 53
Common Pigeon, 61, 62
Single Comb White Leghorn Chicken, 41, 42
White Pekin Duck, 56
Fossa nasalis, 14
Foulks (1943), 343, 364, 365, 394, 395, 397
Fourie (1955), 18
Fox (1949), 393
Fox and Vevers (1960), 392, 393, 400, 402, 403,
405, 406,410, 411
Francolins, sequence of molts compared, 231
Frandsen (1964), 647
Frank (1939), 343, 392, 402, 403, 404, 405,
406, 411
Fraps and Juhn (1936), 342, 348, 371, 413
Fraser and MacRae (1962), 342
Fretzdorff et ah (1966), 412
Freund (1926), 494, 497
Freye (1952-53), 263
Friction (feather), 260
Frieling (1936), 273
Frigate birds, down feathers, 264
Frontal bone^
Great Horned Owl, 32
inferior table, 13
orbital margin, 13
Frontal bone regionCommon Pigeon, 28
White Pekin Duck, 22
Frontal processBronze Turkey, 45, 46
Common Pigeon, 28
microscopic structure, 566-571
Frontal tract feathers, length, 305
Frontonasal hingeCommon Pigeon, 26, 27
Great Horned Owl, 30, 31, 32
Single Comb White Leghorn Chicken, 8
Fronto-orbital process. Great Horned Owl, 32
Fulmars, beak, 5, 6
Funk and Savage (1956), 515
Funk and Wagnall, New Standard Dictionary
(1944), 65
Fiirbringer (1888), 601
Furculum, Single Comb White Leghorn
Chicken, 35
Gadow (1888), 84, 192
Gadow and Selenka (1891), 263, 270, 469, 470,
475, 476, 477, 544
Gallinago megala, flight sounds, 257
Gallus domesticus, 3
Gallus gallus, 2
Gallus sonneratii, 2
Gallus varius, 3
Galliforni(es)—
down feathers, 264
foot type, 65
sequence of molts, 231, 232
sequence of plumages, 231, 232

Galliform birds—
afterfeathers, 252, 253
variations mentioned, 338
barbicel, 248
barbules, structure, 244, 245
ramus, ventral ridges, 259
Gallinaceous birdsdefinitive downs, orientation, 266
downy feathers, 316
barbules, variation, 267
ear coverts, 262
filoplume barbules, 275
molting and plumage comparisons, 230-233
oil gland feathering, 269
sequence of molts, variations, 231
sequence of plumages, 230-233
ventral teeth, 247, 248
Gallinules, shields, 10
Game birds, earlobes, 15
Gandal (1956), 638
Gannet, (Morus fassanus), rsichis, variations,
268
Gape, defined, 16
Gaskoin (1856), 10
Genal tract feathers, length, 307
Genys, defined, 16
Gerbe (1877), 88, 192
Gerber (1939), 213, 266, 274, 276, 332, 348,
354, 388
Gerieke and Platt (1932), 229, 230
Giaja (1931), 196
Gieseking (1963), 504
Gilliard (1958), 97
Giroud and Leblond (1951), 379, 494
Gladstone (1918), 259
Globe, optic, defined, 13
Goatsuckers—
afterfeathers type, 255
definitive downs, orientation, 266
disparity in afterfeathers, 267
table, 13
down feathers, w^idth of base (barbules), 267
down feather structure variation, 267
downy barbules, 244
ear covert, function, 262
medulla, mentioned, 241
remiges, friction zones, 261
ventral teeth, 248
Goepfert (1924), 329
Goessler (1938), 384
Goldsmith (1965), 401
Golgi material in cells, 623
Gomot (1958), 635; (1959), 613, 618
Gonys—
Bronze Turkey, 10, 49
Common Coturnix, 53
Common Pigeon, 26, 62
defined, 16
Great Horned Owl, 30
Mallard Duck, 20
Single Comb White Leghorn Chicken, 8, 42
Goodale (1916), 343
Goodchild (1886), 89, 190; (1891), 89, 117,
145, 187
Goodman and Fisher (1962), 23, 25
Goodwin (1957), 418
Goose—
base of head, 22
beak, 6
feather identification, 330
filoplumes barbules, 275
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Goose—Continued
foot, 64
head regions, 20-25
origin mentioned, 25
ramus—
flat tegmen, 259
ventral ridges, 259
skull differences, 26
White Chinese, method of feather identification, 277
Goose, African—
head regions, 24
head region boundaries, 25
Goose, African or Chinese, skull, 24
Goose, Chinese—
head region boundaries, 25
nasal opening, 16
nasal region, 23
Görnitz and Rensch (1924), 403, 405
Goss (1944), 519
Goura cristata, 10
Gove (1965), 84, 565
Crackle, feather weight and count, 194
Graham (1930), 257, 260
Gray (1953), 334; (1954), 647
Grebes-—
afterfeather type, 253
definitive downs, orientation, 266
ear coverts, 262
feather weight and count, 194
flexules, 248
foot, 64, 65
rachis, lack in natal down, 265
structure of claw, 67
Grebe, Horned, posthumeral tract, 81
Greenewalt et al. (1960), 343, 409
Greenlee et al. (1966), 504
Greenwood and Blyth (1929), 413
Greenwood and Burns (1940), 193
Greenwood and Crew (1927), 533
Greep (1966), 485, 500
Gregory (1920), 21
Greite (1934), 341, 343, 344, 363, 365, 369, 371,
373, 374, 375, 380, 384, 394, 395
''Grenzplatte,'' 349
Greschik (1916), 487, 488, 492
Gresham and Barwick (1962), 515
Gridley (1951), 490, 494, 519, 521, 567, 568,
624,(1960), 637
Groebbels (1932), 613
Groenendijk-Huijbers (1966), 414; (1967), 414
Groin grooveBronze Turkey, 49
Common Coturnix, 53
Common Pigeon, 62
Single Comb White Leghorn Chicken, 42
Groin web—
Bronze Turkey, 49
Common Pigeon, 62
Single Comb White Leghorn Chicken, 42
Grosbeak, Rose-breasted, neck region orientation, 38
Gross (1956), 380
Grossman (1927), 18
Grouse—
afterfeather type, 253
auricular tract feathers, 100
claws, shedding, 197
oil gland feathers—
arrangement, 268
rachis variation, 268

Grouse—Continued
pterylosis, loral tract, 100
ptilosis, 99
Grouse, Black—
downy feathers, 318
ramus, ventral ridges, 259
sequence of molts compared, 232
Grouse, Blue, sequence of molts compared, 232
Grouse, Red—
downy feathers, 318
ramus—
flat tegmen, 259
ventral ridges, 259
sequence of plumage, 232
Grouse, Rufïed—
crown boundary, 11
feet, 66
scales of toe, 65
sequence of molts compared, 231, 232
Grouse, Sharp-tailed, sequence of molts,
compared, 232
Grow (1956), 25
Growthcontour feather, 376
feathers, 197-233
follicles and feathers 341-419
Grzimek (1932), 3, 534; (1933), 469, 470, 471,
474
Guinea fowl—
color of ramus, 404
ramus, absence of ventral ridges, 259
Gullsdefinitive downs, orientation, 266
down feathers, 264
feather color mentioned, 273
feather weight and count, 194
foot, 64
Herring, shape of brain, 12
rachis, lack of in natal downs, 265
Gurr (1956), 637
Gyles et al. (1957), 515; (1961), 515; (1962),
515, 531
Gymnopaedic, defined, 264

Hackle, use of term, 1
Haecker (1890), 241
Haecker and Meyer (1901), 404
''Haftfärben,'' term defined, 411
Hair cortex, keratinization, 379
Häkchen (German), booklets, 249
Haken (German), hooks, 249
Hakenfasern (German), distal barbicels, hook
fibers, 247
Hakenradii (German), distal barbules, hook
fibers, 247
Hall et al. (1965), 414
Hallux, position on different species, 64-72
Ham and Leeson (1961), 485, 500
Hamburger and Hamilton (1951), 347, 348
Hamilton (1940), 343, 395, 397, 398, 400, 416;
(1941), 414; (1952), 17, 347, 349, 363, 371,
373, 412, 413, 414, 535, 598, 618; (1965),
342
Hamilton (1965), 257
Hammond (1944), 196
Hammond and Harshaw (1941), 400
Hammond and Yntema (1964), 18
Hamuli, Hamulus, defined 249.
See also Barbules, barbicles, booklets.

Hand—
boundaries, chicken, 59
Bronze Turkey, 45
Common Pigeon, 61, 62
Single Comb White Leghorn Chicken,
development of plumages, 205
under marginal coverts, 300
Hand apterium, under (feather), 300
Hand, feather development on dorsal side of,
Single Comb White Leghorn Chicken—
1 day old, 201
8 days old, 201
Hand region—
Bronze Turkey, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60
Single Comb White Leghorn Chicken, 39,
41, 42
White Pekin Duck, 54, 56, 58
Hardesty (1931), 371, 535, 536, 537, 540, 541;
(1933), 342, 370, 402
Hardy and Hardy (1949), 263, 277
Hargrove (1965), 245
Harrap and Woods (1964), 379, 380; (1967), 380
Harris and Shaffner (1957), 344
Harrison (1948), 418; (1963), 416; (1964), 197;
(1965), 392
Hawks—
after feather, 252
afterfeather type, 253
barbicels, 248
bristles, eyelash, 272
bristle color, 273
bristle variation, 270
definitive downs, orientation, 266
down feathers, variation, 264
ear coverts, 262
filoplume barbules, 275
narial bristles, 270
powder down variation, 269
rachis, 256
ramus, 258
variation of ventral ridges, 259
semibristles, 273
ventral teeth, 247
Hawks, Buzzard, notched feathers, 257
Hawks, Marsh supraorbital bristles, 272
Hawks, Red-tailed—
afterfeather type, 254
barb spacing, table, 241
bristles, 271
pennaceous barb, detailed illus., 241
posthumeral tract, 82
Hay (1966), 537
Head—
base defined, 12
boundary between base and floor of skull, 13
Bronze Turkey—
description of feathers, 323, 325, 326
feather orientation, 324
radiograph, 15
ventral view of skull, 13
carunculate skin, Bronze Turkey, 45, 46
chicken, 6-19
feather and apterial muscles, 423
microscopic structure, 581
comb formulation, 9
Common Coturnix—
face discussed, 19
feather and apterial muscles, 447
regions discussed, 19
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Head—Continued
Common Coturnix—Continued
rictus, 20
ventral surface, 20
Common Pigeon, feather and apterial
muscles, 457-459
contour feathers, 306, 314
face, discussed, 12-18
filoplume, 314
Great Horned Owl, ventral surface, 33
malar region, discussed, 17, 18
pterylosis, 97
coturnix, 102
duck, 103
pigeon, 103, 104
rictal region, 17
sequence of molts, gallinaceous birds, 231
Single Comb White Leghorn Chicken—
ptilosis, 99
rictus, 18
turkey, 6-19
feather and apterial muscles, 439-442
pterylosis, 101, 102
ventral surface, 18, 19
hyoid region, 18, 19
interramal region, 18
submalar region, 19
White-faced Black Spanish Chicken, 16
White Pekin Duck, 25
feather and apterial muscles, 449-451
Head regions—
African Goose, 24
African or Chinese Goose, 24
anseriform birds, 24
boundaries—
African Goose, 25
Chinese Goose, 25
Egyptian Goose, 25
Muscovy Duck, 25
Bronze Turkey, 10, 11,12
Common Pigeon, 26
discussed, 27-29
points of difference, 27-29
skull and jaws, 27, 28
ventral surface, 29
cranium—
base of head, 12
crown, 10-12
boundary defined, 11
eye, effect of size and placement, 12
forehead, 8-10
skull, relationship of shape to shape of
brain, 12
skull shape, 12
vertex, defined, 10
discussed, 5-33
domestic anserines, 25-27
duck, goose, differences, 26, 27
Great Horned Owl, 30, 31, 32
radiograph, 33
Mallard Duck, 20
Muscovy Duck, 24
Single Comb White Leghorn Chicken, 8, 9
cranium, forehead, 8-10
White Pekin Duck, 20-25, 21, 22
wild birds, 30
Heel, defined, 64
Heel pads, shedding, 197
Heidenhain (1892), 652
Heidrich (1908), 18
Heilmann (1927), 59, 345, 601

Heimerdinger (1964), 73, 74, 76, 77, 78, 79,
93, 106, 148, 189, 341, 450, 452
Heinroth and Heinroth (1958), 257, 363
Hempel (1931), 242, 244, 246, 247, 249, 250,
251, 252, 253, 262
Herablaufendes Stück, defined, 252
Herons—
afterfeather type, 253
beak,6
definitive downs, orientation, 266
down feathers, 264
downy barbules, 244
ear coverts, 262-263
neck region, orientation, 38
oil gland feathers, rachis variation, 268
powder down, 269
rachis, lack in natal downs, 265
ramus, ventral ridges, 259
toes, 65
Heron, Great blue, longest filoplumes, 275
Heron, Green, simplified barbules, 251
Himeno and Tanabe (1957), 343
Hindwood (1933), 270
Hinge, frontal process of Bronze Türkey, 12
Hinge, frontonasal—
Common Pigeon, 26
goose, 24
White Pekin Duck, 22, 54
HipBronze Turkey, 45, 46
Chicken, 63
Common Goturnix, 50, 52
Common Pigeon, 60
feather tract of left thigh of Single Comb
White Leghorn Chicken, 289
Single Comb White Leghorn Chicken, 39, 41
White Pekin Duck,.54
History, Research of feather and follicle growth,
341-346
Hoatzin—
afterfeathers, 253
afterfeather type, 255
claws, shedding, 197
wing function, 56
Hock, region,
chicken, defined, 63
See also Ankle.
Hodgson and Gutteridge (1941), 515, 523
Hoepke (1927), 491, 537
Hoesch (1958), 412
Höglund (1964), 363
Höhn (1961), 343, 413
Holmes (1935), 88, 106, 213, 347, 348, 349
Holmgren (1955), 59, 601
Holothecal, use of term, 65
Hooke (1665), quote, 250
Hooklets, 249
friction barbule, 261
pennaceous barb, 245, 246, 247
See also barbules, barbicel.
Hoopoe, afterfeather type, 255
Hormones—
feather development, 351
pigment pattern formation, 413, 414
roles of in growth of feathers, 343
Hornbills—
afterfeather type, 255
rachis, 256
Hosker (1936), 230, 341, 342, 349, 353, 354,
357,365,369,381,384
Hou (1928), 613, 619, 623

Houdan chicken, crest, 10
Iliocaudal spine. Single Comb White Leghorn
Howard (1929), 22
Chicken, 35
Hsu (1935), 623; (1936), 623
Iliococeygeal groove region—
Hudson (1937), 473, 477
Common Goturnix, 50
Hudson and Lanzillotti (1955), 57; (1964),
Single Comb White Leghorn Chicken, 39
57, 477
Ilioischiatic fenestra, Single Comb White
Hudson et al. (1959), 4, 606
Leghorn Chicken, 35
Humason (1962), 637, 648, 649, 653
Iliolateral process, Single Comb White Leghorn
Humasen and Lushbaugh (1960), 650, 651;
Chicken, 35
(1961), 650
Ilium, Single Comb White Leghorn Chicken, 35
Humeral apterium, alar tract feathers, 294
Incisura caudalis, 43
Humeral tract—
Interdigital webs
alar tract feathers, 294, 295
Bronze Turkey, 45, 49
filoplumes, length, table, 315
Common Goturnix, 50, 53
Hu7?ierus, 57
Common Pigeon, 60, 62
Single Comb White Leghorn Chicken, 35
microscopic structure, 612-613, 630, 631
Hummingbirds—
Pelican, 66
afterfeathers type, 253
Single Comb White Leghorn Chicken, 39, 69
barbules, length of distal barbule, 259
White Pekin Duck, 54, 56, 58
beak,6
International Anatomical Nomenclature Comdefinitive downs, orientation, 266
mittee (1956), 2, 485, 487, 545; (1960),
feathers, flight sounds, 257
485; (1966), 477, 613
feather weight and count, 194
International Code of Zoological Nomenclature,
ramus, variation, 258
selection of terms, 3
ventral teeth, 249
Internode, 244, 244
Humphrey and Butsch (1958), 77, 139, 140,
Interorbital septum—
186,441,450
Common Pigeon, 28
Humphrey and Clark (1961), 77, 78, 79, 80, 88,
Great Horned Owl, 31
116, 117, 139, 140, 142, 143, 187, 268,
White Pekin Duck, 22
441, 456; (1964), 22, 145, 330, 331
Interpad spaces (IPS)—
Humphrey and Parkes (1959), 73, 197, 198;
Bronze Turkey, 45, 46, 69
(1963b), 418
Common Goturnix, 50, 52
Humphrey-Parkes system (molts), 232
Common Pigeon, 60, 70
Huston and May (1961), 482
distribution on toes of five species, 71
Hutt (1941), 612; (1949), 3, 65, 228, 412, 416,
Single Comb White Leghorn Chicken, 39, 69
531,612
use of term, 72
Hutt and Ball (1936), 196; (1938), 193,194,196
White Pekin Duck, 54, 70
Hyoid, 15
Interphalangeal joint—
Bronze Turkey, 11,12
Bronze Turkey, 45
Common Goturnix, 20
Common Goturnix, 50
Single Comb White Leghorn Chicken, 35
Common Pigeon, 60
Hyoid regions—
White Pekin Duck, 54
Bronze Turkey, 10, 45, 46, 49
Interpubic space—
Common Goturnix, 50, 52, 53
Bronze Turkey, 49
Common Pigeon, 26, 29, 61, 62
Common Goturnix, 53
defined, 18, 19
Common Pigeon, 62
Great Horned Owl, 30, 33
White Pekin Duck, 58
Mallard Duck, 20
Interramal region—
Single Comb White Leghorn Chicken, 8, 9,
Bronze Turkey, 10, 49
39,41
Common Goturnix, 20, 53
White Pekin Duck, 25, 54, 56, 58
Common Pigeon, 26, 29
Hypocleidium, Single Comb White Leghorn
defined, 18
Chicken, 35
Great Horned Owl, 30, 33
Hyporachis—
Mallard Duck, 20
afterfeather, cross section, 243
Single Comb White Leghorn Chicken, 8, 42
barb, 237
White Pekin Duck, 25
contour feather, 237, 238
Interscapular region—
defined, 235, 252
Bronze Turkey, 45
natal feathers, 265
Common Goturnix, 50
plumulaceous barb, 243
Common Pigeon, 60
proximal end (contour feather), 238
Single Comb White Leghorn Chicken, 39
Hypotarsus, lateral caicanial ridge in Single
White Pekin Duck, 54
Comb White Leghorn Chicken, 35
Intertarsal joint—
Hypoptile, 252
Common Pigeon, 60, 61, 62
defined, 63
White Pekin Duck, 54, 56, 58
Ibises—
Iridescent colors—
auricular region, 263
barbule structure, 409
beak,6
Bronze Turkey, barbules, 407, 409
IFichev (1961a), 262, 263; (1961b), 262
morphology of barbules 406, 407
irichev and Izvekova (1961), 262
relationship to noniridescent colors, 410

736

Irugalbandara (1960), 649
Irving (1966), 546
Ischiatic process, Single Comb White Leghorn
Chicken, 35
Ischium, Single Comb White Leghorn Chicken,
35

Jaap and Turner (1943), 193, 194, 196
Jacobs (1935), 357, 365
Jacamars, beak, 6
Jaçana, flexules, 248
Jacana spinosa, 10
Jaegers, disparity in afterfeathers, 267
table, 13
Jamroz (1938), 24
Janda (1929), 257
Jaw(s), 15
angle in Bronze Turkey, 12
Bronze Turkey, 11, 12
Common Pigeon, 27, 28
Great Horned Owl, 31
structure, 16
White Pekin Duck, 21
Jay, Blue—
crown boundary, 11
feather weight and count, 194
neck region orientation, 38
pterylosis, loral tract, 100
shape of rump, 44
Jeffries (1883), 485, 487, 488, 491, 531, 537;
(1891), 84
Jenkin (1957), 6
Joints—
ankle—
Bronze Turkey, 49
Common Coturnix, 53
Common Pigeon, 62
White Pekin Duck, 54
carpal—
Bronze Turkey, 49
Common Coturnix, 52
Common Pigeon, 61, 70
White Pekin Duck, 56, 58
elbow—
Bronze Turkey, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
White Pekin Duck, 54, 56, 58
hip—
Bronze Turkey, 46
Common Coturnix, 50, 52
Common Pigeon, 60
White Pekin Duck, 54
interphalangeal, Common Pigeon, 60
intertarsal, 63
Bronze Turkey, 49
Common Coturnix, 50, 53
Common Pigeon, 60, 61, 62
White Pekin Duck, 54, 56, 58
knee—
Bronze Turkey, 49
Common Coturnix, 52, 53
Common Pigeon, 62
defined, 63
White Pekin Duck, 56
shoulder—
Bronze Turkey, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
White Pekin Duck, 54, 56, 58

Joints—Continued
tarsometatarso-phalangeal, White Pekin
Duck, 54
wrist, Common Pigeon, 60
Jollie (1962), 18
Jones (1907), 265, 344, 349, 353
Jones and Lamoreaux (1943), 532
Jorgensen (1958), 1
Jugal bar, 13, 15
Bronze Turkey, 12
defined, 17
goose, 24
Great Horned Owl, 31, 33
Single Comb White Leghorn Chicken, 35
Jugal bone, 13
Bronze Turkey, 12
Common Pigeon, 28
Great Horned Owl, 31
White Pekin Duck, 22
Juhn (1937), 342, 381; (1938), 229, 230; (1947),
413; (1963), 343; (1964), 392
Juhn and Fraps (1934), 342, 348, 413
Juhn and Gustavson (1930), 413
Juhn and Schaffner (1962), 384
Junglefowl—
history of domestic chicken, 2, 3
molts and plumage, lack of information
mentioned, 231
remiges, 256
sequence of molts compared, 232
special feathers, 384
Jull (1930), 1, 175, 564; (1952), 3, 412, 637
Juvenal, term defined, 198
Juvenal feather, defined, 199

Kagu, powder down, 269
Kallman et al. (1967), 348
Kanwar (1961), 623
Kar (1947), 418
Kastchenzellen (German), term defined, 404
Kato (1961), 469
Kaupp (1918), 469, 470, 486, 544
Kawamura (1933), 394, 395
KeelBronze Turkey, 49
Common Coturnix, 53
Single Comb White Leghorn Chicken, 35, 42
Keel, tip—
anterior feather tracts, 285
posterior feather tracts, 288
Keibel (1896), 344
Keilin and McCosker (1961), 403
Kelso and Kelso (1936), 91
Kennard (1918), 412
Kennedy et al. (1956), 342
Kerbert (1876), 344
Keratin—
differentiation in embryonic growth, 353
fibrils in scales, 606, 607
in digital claw, 606-607
in hair cortex, 379
in scales, 602
interdigital web, microscopic structure, 631
membranous, Bronze Turkey, 10
role in color change, 418
studies of formation, 342
Keratinization—
development in feathers, 379
general physiology, 378, 379
start in feather growth, 351
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Keratinized structures, embedding and sectioning techniques, 647, 648, 649
Killing, techniques used, 468
Kimball (1958), 231, 232; (1958a), 416; (1959),
384
King (1920), 362, 363, 482
King and Farner (1961), 245
Kingfishers—
definitive downs, 266
foot, 66
lack of down feathers, 264
oil gland feathers, rachis variation, 268
scales of metatarsus, 67
toes, 65
ventral teeth, 247
Kinglet, feather weight and growth, 194
Kingsbury et al. (1953), 17, 535
Kischer (1963), 341, 347, 349, 350, 491, 492, 496
Kittiwakes, toes, 65
Kiwi(s)—
afterfeather type, 255
definitive downs, orientation, 266
function of bristles, 273
Klose et al. (1961), 362, 482; (1962), 362
Knapp and Neweli (1959), 482; (1961), 362, 482
Knee
feather tract—
lateral surface, 291
medial surface, 293
thigh, Single Comb White Leghorn
Chicken, 289
joints
Common Pigeon, 61, 62
White Pekin Duck, 56, 58
regions
Bronze Turkey, 45, 46, 49
Common Coturnix, 52, 53
Common Pigeon, 60, 61, 62
Single Comb White Leghorn Chicken, 39,
41, 42, 63
White Pekin Duck, 56, 58
web
Bronze Turkey, 49
Common Coturnix, 53
Single Comb White Leghorn Chicken, 42
Kniesche (1914), 343, 404, 405
Knight (1967), 47
Knisely (1940), 497, 501
KnobAfrican Goose, 24
goose, 24
structural basis, 25, 26
variation mentioned, 25
Knöpf chenradius
(German), plumulaceous
barbule, 242
Knox (1935), 400, 402
Knox (1954), 657
Koecke (1958), 393, 417
Komárek (1958), 6
Kondra and Cavers (1947), 515
Koning (1957), 357, 366, 379
Koonz et al. (1963), 515
Korelus (1947), 194, 196
Kortright (1942), 1, 80
Kossmann (1871), 613, 618, 619, 624
Koutnik (1927), 487
Kozelka (1929), 612; (1933), 612
Krause (1902), 535
Krause (1922), 487, 489, 491, 580, 601
Krogh and Vimtrup (1932), 500
Küster (1905), 272, 273, 362

Lachrymal, nomenclature, 21
Loons—Continued
Lambert and Knox (1929), 601
rachis, lack in natal down, 265
Lamellae—
toes and webs, 64
Mallard Duck, 20
Loral tract feathers, length, 305
White Pekin Duck, 38
Louvier (1937), 531, 535, 536, 537, 539, 540,
Lamont (1922), 264
544, 545, 547, 552, 562, 564, 609
Landauer and Dunn (1930), 342, 363
Lowe (1924), 92
Lange (1931), 17, 57, 486, 488, ñ66, 569
Lubnow (1963), 393, 412, 416
Langerhans cell, defined, 416
Lubnow and Niethammer (1964), 392
Langley, (1902), 461; (1904), 363, 442, 462,
Lucas (1949), 562; (1959), 1; (1968), 419, 630;
464,481
(1970), 546, 547, 566, 589
Lansing (1952), 504
Lucas and Herrmann (1935), 491
Lansing et al. (1952), 504, 521
Lucas and Jamroz (1961), 1, 378, 646, 649
Laruelle et al. (1951), 565, 566, 568, 571, 572
Lucas and Oakberg (1950), 562
Larynx—
Lucas and Stettenheim (1965), 473, 475
function, 19
Lucas et al. (1954), 562
Great Horned Owl, 33
Lüdicke (1933), 580, 585, 586, 590; (1959a),
Lateral body tract, principles of pterylosis, 79
370; (1959b), 419
Latimer (1924), 195, 196; (1925), 196; (1932),
Lüdicke and Geierhaas (1963), 342, 470
196
Ludwig and Boas (1950), 541
Luft (1965), 500
Lauber (1964), 338
Lull (1904), 72
Lawrence (1963), 535, 536, 537
Lumb (1963), 638
Lebedinsky (1929), 397
Lunghetti (1907), 613, 618
Leblond (1951), 494, 537
Lut ein, in color formation, 400
Leblond et al. (1964), 485
Lyon (1962), 231, 232, 338, 339
Ledges, ramus, pennaceous barbs, 245
Lyrebirds—
Legafterfeather type, 255
defined, 61
rectrices, 256
development of plumage, color chart, history,
210
Leg-feathering, use of term, 65
Macaws, rectrices, 257
Leghorn chickens, age of 2d generation feathers,
Machado and Rangel (1943), 496
228, 229
Magpie, color of ramus, 404
Leghorns, Brown—
Maillard (1948), 348
age of 2d generation feathers, table, 229
Malar apterium, Common Coturnix, 20
molt of rectrices, 230, 232
Malar regions—
Leghorns, White, molt of rectrices, 232
Bronze Turkey, 10, 11
Leiber (1907), 19
Common Coturnix, 20
Leopold (1943), 231
Common Pigeon, 26, 27
Levi (1957), 2, 335, 338, 401, 593, 637; (1965),
points of difference, 29
2, 593
defined,
16
Lewis and Jones (1951), 650
discussed, 17, 18
Leydig (1857), 492
Great Horned Owl, 30, 31, 33
Liebelt and Eastlick (1954), 487
Mallard Duck, 20
Ligamentum transversmn, chicken, 37
Single Comb White Leghorn Chicken, 8
Lillie (1940), 342, 344, 349, 362, 364, 365, 366,
White Pekin Duck, 21, 25
373, 378, 381,382, 383; (1942), 363, 369, 371
Malar tract feathers, 306
Lillie (1954), 637, 650, 653
filoplumes, length, table, 315
Lillie and Juhn (1932), 342, 349, 365, 369, 371,
length, 307
381, 402, 413; (1938), 253, 342, 364, 365,
Malay Fowl, history of domestic chicken, 3
369, 371, 373, 375
Malinovsky (1967), 361, 362; (1968), 361, 362
Lillie and Wang (1940), 381; (1941), 342, 364,
Malinovsky and Zemánek (1969), 585
365, 371, 374, 375, 381; (1943), 342, 368;
Mallard Duck, afterfeather type, 254
(1944), 342, 365
Malleolus, Single Comb White Leghorn
Limbs, defined, 61
Chicken, 35
Limb tracts—
Malpighi (1673), 341
color chart, 210
Management of poultry, effect on plummage
molts, 230
growth, rate mentioned, 229
Limpkins—
Mancini et al. (1960), 543
beak, 6
Mandible, postarticular, 15
flexules, 248
Mandible, symphises of lower, 15
Linduska (1943), 612
Mandibular foramen. Great Horned Owl, 33
Lloyd-Jones (1915), 392, 396
Mandibular nail, White Pekin Duck, 58
Loconti (1956), 244, 328
Mandibular regions, Single Comb White
Loechel (1964), 637
Leghorn Chicken, 9
Lönnberg (1927), 253
Mandibular rictus, Common Coturnix, 20
Loons
Manus, boundaries, 59
definitive downs, orientation, 266
Marble (1930), 229, 230
down feathers, 264
Margolena and Dolnick (1951), 351, 379, 490,
downy barbules, 244
491, 493, 494, 508, 520, 529, 551, 556, 557,
foot, 64
559, 560, 564, 566, 572, 576, 577, 578, 584,
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Margolena and Dolnick—Continued
591, 592, 594, 595, 602, 605, 606, 607, 609,
624, 650, 655
Margolis and Pickett (1956), 490, 491, 496,
506, 561, 649
Markus (1963a), 194, 195; (1963b), 194
Marsden and Martin (1949), 1, 40, 175
Marshall (1895), 1
Martin (1929), 228
Mascha (1905), 241, 242, 246, 247, 248, 249,
258, 259, 261, 333
Mason (1923), 404, 407, 409, 411
Mason (1959), 392
Matoltsy (1960), 378, 379; (1962), 342, 378, 379
May (1945), 73
May and Huston (1959), 482
May and Noles (1965), 515
Mayaud (1950), 17, 29, 90, 273, 363, 393,
401, 591
May-Grünewald and Giemsa, formula of
staining combination, 649
Maxilla—
body, 24
Bronze Turkey, 12
caudal region, 22
Common Pigeon, 28
Great Horned Owl, 31, 32
medial process, 13, 15
White Pekin Duck, 22
zygomatic process, 13
Maxillary bone. Great Horned Owl, 33
Maxillary process. Common Pigeon, 28
Maxillary regions. Single Comb White Leghorn
Chicken, 9
Maxillary rictus, Common Coturnix, 20
McCabe and Hawkins (1946), 231
McCasland and Richardson (1966), 380
McClung (1939), 637
McCuistion (1962), 497
McCune and Dellmann (1968), 515, 516, 520
McDowell (1954), 572
McGregor (1902), 194
McLoughlin (1961), 486, 489, 490, 496, 522, 535
McManus and Mowry (1963), 637, 650, 652
Median rod, structure, 18
Medullary cells, ramus, 241
Megapodes—•
oil gland feathering variation, 269
sequence of molts compared, 231
Melanin—
deposition in internal organs, 399, 400
deposition in regenerating feathers, 394-397
deposition in skin, rhamphotheca and scales,
397-399
deposition in growing feathers, 396
granules of ramus of humeral feather, 397
in rhamphotheca of pigeon, 398
nature and synthesis, 392, 394
relationship with cartenoids, 401-402
role in color of feather, 342, 343
Melanoblast, defined, 393
Melanocytes
defined, 393
in skin, 398
migration, 395
Melanophores, defined, 393
Membruin anterms, 56
Menefee (1957), 561
Menschik (1953), 514
Mental angle, defined, 17

Mesethmoíd bone—
column—
Bronze Turkey, 12
goose, 24
White Pekin Duck, 22
Common Pigeon, 28
Great Horned Owl, 31
pars planum, 13
Bronze Turkey, 12
White Pekin Duck, 22
Mesites, powder down, 269
Mesoptiles, embryonic development of duck,
354, 356
Mesoptilus, defined, 265
Messinger (1965), 245
Metacarpal regions—
chicken, 59, 60, 61
Common Pigeon, 60, 62
White Pekin Duck, 56, 58
Metacarpi regions—
Bronze Turkey, 45, 49
Common Coturnix, 50, 53
Single Comb White Leghorn Chicken, 39, 42
White Pekin Duck, 54
Metacarpus, process of, Single Comb White
Leghorn Chicken, 35
Metacarpus regions—
Bronze Turkey, 46
Common Coturnix, 52
Common Pigeon, 61
Single Comb White Leghorn Chicken, 41
Metapatagium—
Bronze Turkey, 45
chicken, 57
Common Coturnix, 50, 52
Common Pigeon, 60, 61
Single Comb White Leghorn Chicken, 39, 41
White Pekin Duck, 54, 56, 58
Metatarsal—
foldBronze Turkey, 46, 68
Common Pigeon, 61
Single Comb White Leghorn Chicken, 39,41
White Pekin Duck, 54, 56
pad—
Bronze Turkey, 46
Common Coturnix, 50
Common Pigeon, 60, 61
Single Comb White Leghorn Chicken,
39, 41
White Pekin Duck, 54, 56
region, accessory, 67
Bronze Turkey, 46
Common Coturnix, 52
Common Pigeon, 61
Single Comb White Leghorn Chicken, 41
spur—
Bronze Turkey, 45, 46, 49
growth by age and sex, 611
histology, 611-612
hormone and genetic factors, 612
mentioned, 197
microscopic structure of, 609-612
Single Comb White Leghorn Chicken,
35, 39, 41, 42
two parts, 67
Metatarsus—
defined, 64
feathered and nonfeathered, list of, 599
relationship of feathers to scales, 600
Ruffed Grouse, 66

Metatarsus—Continued
scales, 67
scales, microscopic structure, 597
Single Comb White Leghorn Chicken,
41,69
regions—
Bronze Turkey, 45, 46, 49
chickens, 67, 68
Common Coturnix, 50, 52, 53, 68
Common Pigeon, 60, 61, 62, 71
Single Comb White Leghorn Chicken, 35,
39, 41, 42
turkey, 68
White Pekin Duck, 54, 56, 58, 68, 71
Methods of plotting pterylosis, 638, 639
MichelletaL (1962), 400
Michener and Michener (1938), 371
Microstructure, vanes, 252
Midsagittal plane, 4
Miller (1931), 76
Miller (1957), 640
Miller (1915), 73, 78, 89; (1924a), 253, 330;
(1924b), 78, 84, 88, 90, 192; (1925), 80
Miller and Eastlick (1952), 505
Miller and Fisher (1938), 76, 78
Minorca breed, late feathering, 228
Miszurski (1937), 378, 496, 537, 554, 605
Mitchell (1930), 196
Mitchell (1899), 84, 88
Mivart (1892), 1; (1895), 21
Mockingbird, ptilosis, 99
Molts—
color changes, 417-419
comb, 197
composition of feathering, chicken, 214-227
composition of feathering, chicken from
hatch to 6 months of age, 228
cycle, defined, 197
domestic chickens discussed, 197-233
gallinaceous birdsavailability of information, 231
comparison with chickens, 230-233
sequence of plumage, 231, 232
methods of study, 199
phenomenon, 197
records, techniques used, 639
rectrices, appearance of replacement feathers,
199
remiges, appearance of replacement feathers,
199
sequence of development, 199, 200
sequence of feathering on chicken, 214-228
sequence of plumage—
breed differentiation, 228-230
table, 229
Single Comb White Leghorn Chicken
sequence, embryo, 213
timing and order, 213-233
skin, 197
terminology, discussed, 197-199
table, 198
wattles, 197
Molting. See Molts
Montagna (1945), 59; (1952), 553; (1962), 485
Montalenti (1934), 371, 414
Moog and Lutwak-Mann (1958), 491
Moran et al. (1966), 380
Morejohn (1968), 232
Morphology—
changes, dorsal cervical tract feathers, 281,
282
pennaceous barbules, 249
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Moser (1906), 487, 488, 489, 492, 499, 564,
613, 635
Motmots, rectrices, tips, 257
Mouth regions—
Bronze Turkey, 49
Common Coturnix, 53
Common Pigeon, 62
Single Comb White Leghorn Chicken, 42
White Pekin Duck, 58
Mouth slit, defined, 16
Mueller and Seibert (1966), 232
Müller (1907), 591
Muller (1968), 515
Munger (1968), 361; (1971), 361
Munro and Kosin (1940), 533
Mûrie (1871), 92; (1872), 92, 149, 150, 269
Murres—
beak, 6
disparity in afterfeather, table, 267
Muscles—
feather, of neck, 423
feather and apteria
gross morphology, 421-461
micromorphology and physiology, 478-484
subgross morphology, 461-478
superficial, 37
Muscular structure. See boundaries of regions.
Muscular tissues, staining techniques, 653
Nagel (1938), 437
Naik and Naik (1964), 569
Nail, African Goose, 24
Nail—
mandibular, bony supportMallard Duck, 20
White Pekin Duck, 21
maxillary—
bony support, White Pekin Duck, 21
Mallard Duck, 20
Nares, 16
Nasal arch—
Bronze Turkey, 10, 11
Common Pigeon, 28
Great Horned Owl, 30, 32
Nasal bone, 13
body of Bronze Turkey, 12
Common Pigeon, 28
maxillary process of Bronze Turkey, 12
premaxillary process of Bronze Turkey, 12
Nasal bone region. White Pekin Duck, 22
Nasal capsule, ossified, goose, 24
Nasal opening—
African Goose, 24
Bronze Turkey, 10, 11
Common Pigeon, 23, 26
external, 18
Great Horned Owl, 30, 31, 32, 33
location, 15
Single Comb White Leghorn Chicken, 8
White Pekin Duck, 21
Nasal regions—■
Bronze Turkey, 10, 11
Chinese Goose, 23
Common Coturnix, 20, 26
Common Pigeon, 27
points of difference, 29
defined, 15, 16
Great Horned Owl, 23, 30, 31, 32
Mallard Duck, 20
Muscovy Duck, 23
Single Comb White Leghorn Chicken, 8, 9
White Pekin Duck, 21, 23

Nasal shield, Common Coturnix, 20
Natal downsdiscussion, 264
lack of rachis, 265
sequence of growth, 265
Natal feather, defined, 199
Neck—
Bronze Turkey, 46
feather and apterial muscles, 439-442
Gommon Coturnix, 50
feather and apterial muscles, 447
Common Pigeon, 61
feather and apterial muscles, 457-459
Single Comb White Leghorn Chicken—
development of plumages, 204
feather and apterial muscles, 423-424
White Pékin Duck, feather and apterial
muscles, 449-451
Neck and body, arbitrary boundarySingle Comb White Leghorn Chicken, 39
White Pekin Duck, 54
Neck and shoulder—
arbitrary boundary in Bronze Turkey, 45
Bronze Turkey, 45, 49
Common Coturnix, 53
White Pekin Duck, 54, 56, 58
Neck and trunk boundary—
anatomical, Common Pigeon, 60
arbitrary boundary—
Common Coturnix, 50
Common Pigeon, 60
Bronze Turkey, 45, 49
Common Coturnix, 53
Single Comb White Leghorn Chicken, 39
White Pekin Duck, 58
Neck regionsBronze Turkey, 10, 11, 45, 49
Common Coturnix, 52, 53
differences, 40
Common Pigeon, 26, 60, 62
differences, 40, 43
Great Horned Owl, 30
Mallard Duck, 20
Single Comb White Leghorn Chicken, 8,
39, 41, 42
boundary, 39
discussed, 38-40
species used for comparison, 38
topographic anatomy, 36-43
turkey, differences, 40
White Pekin Duck, 54, 56, 58
differences^ 40
Nelson (1945), 531
Neoptiles discussion, 264
Neossoptiles discussion, 264
Nerves—
femoral tract, 479
in comb, microscopic structure, 539
of feather muscles, follicle innervation, 361
of foUicular wall, innervation, 361
of papilla and pulp, follicle innervation, 361
spinal, of pelvic fossa, 473
staining techniques, 652, 653, 656-657
to the integument, 467-478
Nestling downs, 264
Nestling plumages, 264
Neugebauer (1845), 475, 476, 544, 564, 570, 637
Newton and Gadow (1893-96), 27, 78, 80, 88,
255,263,275
Nickerson (1944), 413, 415; (1946b), 414, 415
Nighthawk, feather weight and count, 194

Nightjar—
bristles, 271
bristle color, 273
bristle location, 270
bristle structure, 272
function of bristles, 273
remiges, 257
friction zones, 261
semibristles, 273
Nishida (1963), 469, 470, 473, 474
Nitzsch (1867), 1, 73, 74, 76, 77, 78, 79, 93, 94,
148, 188, 242, 248, 249, 263, 268, 269,
275,424; (1871), 269
Node, defined, 244
Nomenclature—
general policy of selection, 2
sources, 2
topographic anatomy, 1-5
See also terminology.
Nomina Anatómica (1966), 477
guidelines, 2
Noniridescent colors—
feathers, 403
modified integument, 406
Nonidez (1939), 653
Nonidez and Windle (1949), 486
Nopcsa (1923), 91
Nose—
location, 12
operculum of Common Coturnix, 50
osseous rim—
Bronze Turkey, 12
White Pekin Duck, 22
Notarium, use of term defined, 43
Nuchal line—
Bronze Turkey, 11, 12
Common Pigeon, 26, 27, 28
Goose, 24
Great Horned Owl, 30, 31
Mallard Duck, 20
Single Comb White Leghorn Chicken, 8
White Pekin Duck, 21
Nutrition, effect on plumage growth rate, 229
Nye (1964), 245

Oakberg (1950), 562
Obturator foramen. Single Comb White Leghorn Chicken, 35
Occipital—
bones region, Common Pigeon, 28
condyle. Common Pigeon, 13, 28
tract—
afterfeather, 305
feathers, 305
downy part, percent, 304
length, 304
filoplumes, length, table, 315
Ocular tract feathers—
length, 308
lower lid, 306
upper lid, 306
Oculi, 12
Ödland (1966), 537
Odontophorinal, New World quail, 231
Oehme (1963), 249, 256, 260
Ohrfalte (German) = aural fold, 262
Ohrklappe (German) = operculum, 262
Oilbird—
afterfeather structure, mentioned, 330
afterfeather types, 253, 254, 255
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Oil gland—
embryology, 618
extratubular parts and papilla, 623-626,
625, 626
frontal section, 618
histology, 618-626
secretory cells, Golgi and mitochondria, 623
Zones, 619
Oil gland circlet, defined, 268
Oil gland feathers—
barbs, 268
Bronze Turkey, 327
Common Coturnix, 340
discussion, 267-269
length. Single Comb White Leghorn Chicken,
268, 315
nature and arrangement, 268
size, 268
taxonomic value, 269
White Pekin Duck, variation, 331
Oil gland papilla—
Bronze Turkey, 45, 46
Common Coturnix, 50
Common Pigeon, 60, 61
Single Comb White Leghorn Chicken, 39, 41
histology, 623, 625
White Pekin Duck, 54, 56
Oil gland papilla and circlet, 614, 615, 616, 617,
618, 621, 622, 625, 626, 628, 629
Oil gland region, Common Coturnix, 50, 52
Oilgland tuft, defined, 268
Olecranon, Single Comb White Leghorn
Chicken, 35
Olfactory nerve, foramen, 13
Olitsky and Harford (1937), 585
O'Neil (1943), 515, 516, 523; (1944), 515, 516;
(1945), 515, 519, 523, 525, 528
Onishi et al. (1954), 228, 229
Opercular feathers, discussion, 262
Operculum, 18
Bronze Turkey, 10
Common Coturnix, 20
Great Horned Owl, 30, 31
Single Comb White Leghorn Chicken, 9
Operculum nasi, 9
Optic nerve foramen—
Bronze Turkey, 12
Great Horned Owl, 33
Oral cavity, relation to pharynx, 18
Oral region—
Common Coturnix, 20
Common Pigeon, points of difference, 29
discussed, 16, 17
Great Horned Owl, 32, 33
White Pekin Duck, 23, 24, 25
Orbital fossa, defined, 13
Orbital regions, 13, 14
Bronze Turkey, 10, 11
Common Coturnix, variation of structure, 19
Common Pigeon, 26, 27
points of difference, 28
Great Horned Owl, 30, 31, 32, 31
Mallard Duck, 20
Single Comb White Leghorn Chicken, 8, 9
White Pekin Duck, 21, 22
Oriole, feather weight and count, 194
Ornate Umbrellabird, crest, 10
Oropharynx boundary, defined, 18
Osprey—
capital tracts, 76
feather tracts, 77

Osprey—Continued
pterylosis, 97
ptilosis, 99
Osseous auditory tube, 13
Osseous structures, suborbital region, 14
Ossified nasal capsule, goose, 24
Ossified septum, goose, 24
Ostmann et al. (1963a), 357, 361, 362, 465, 480;
(1963b), 362, 363, 483; (1964), 362, 363,
482
Ostrich—
absence of filoplumes, mentioned, 274
after feather type, 255
auricular region, 263
bristles, eyelashes, 272
definitive downs, 266
feet, 66
structure of toe, 67
toes, 65
forehead region, 27
Otte (1928), 469
Ottosen et al. (1953), 491
Owl—
afterfeather structure, mentioned, 330
bristles, 271
color, 273
location, 270
structure, 272
type, 255
cere—
gross morphology, 592
histology, 593
ear coverts, 262
ear tuft, 263
feather count and percent, 194
filoplume length, 275
foot, heelpads, 64
narial bristles, 270
preplumules, 264
remiges, 261
semibristles, 273
ventral teeth, 248
Owl, Barn, down feather sequence, 264
Owl, Great Horned—
auricular region, 14
beak tubercle, 29
external ear in orbital region, 7
head regions, 30, 31, 30-33
nasal angle, 9
openings, 16
region variation, 23
postorbital regions, 14
pterylosis, 85, 86, 87
radiograph, hemisected head, 33
research use, 30
rictal region, 25
skull, 32
suborbital region, size, 14
Owl, Long-eared, nasal arch, 9
Owl, Short-eared, shape of brain, 12
Oystercatchers, toes, 65

Pads—
and interpad spaces, 69, 70, 71, 72
coding, 72
digital, Bronze Turkey, 45
metatarsal—
Bronze Turkey, 46
Common Coturnix, 50, 56
Common Pigeon, 61

Pads—Continued
metatarsal—Continued
Single Comb White Leghorn Chicken
39,41
White Pekin Duck, 54
terminal, 69, 596, 603
Palatine bone—
Bronze Turkey, 12
maxillarj^ process, 13, 15
Common Pigeon, 28
Great Horned Owl, 31, 33
White Pekin Duck, 22
Palmate toes, White Pekin Duck, 66
Palmer (1915), 400
Palmer (1962), 197, 266, 392
Papamiltiades (1953), 649
Papilla—
Bronze Turkey, 11
defined, 267
microscopic structure of, 573, 575, 576
nerves, 361
structure, 365
turkey, microscopic structure, 571-579
Papilla, oil gland—
Bronze Turkey, 45, 46, 616
Common Coturnix, 50, 52, 616
Common Pigeon, 60, 61
microscopic structure, 623-624, 625, 626, 627
muscovy duck, 617
Single Comb White Leghorn Chicken, 41,
614, 615, 618
White Pekin Duck, 54, 56, 617
Papp (1963), 637
Paraglossal, use of term, 18
Paraglossal bone, 12, 15
Paraglossobasihyal joint, 15, 18
Great Horned Owl, 33
Paraglossum, 18
Parakeet, Carolina, cere, 29
Parasphenoid bone, rostrum, White Pekin
Duck, 22
Parietal bone region—
Bronze Turkey, 12
Common Pigeon, 28
White Pekin Duck, 22
Paris Nomina Anatómica (PNA) (1956), 485
selection of nomenclature, 2
Paris (1906), 613, 614; (1913), 268, 613, 614,
617, 618, 619, 624
Parker (1879), 19; (1891), 64
Parker and Haswell (1940), 18
Parkes (1966), 345
Parkes (no date), personal communication, 233,
265
Parkes and Clark (no date), personal communication, 266
Paroccipital process, 13
Bronze Turkey, 12
Common Pigeon, 28
Goose, 24
Great Horned Owl, 31, 33
White Pekin Duck, 22
Parrots—
afterfeather type, 253
cere, 29, 592
definitive downs, distribution, 266
ear coverts, function, 262
foot region, 64
narial bristles, 270
oil gland feathers, lack of rachis, 268
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Parrots—Continued
powder down variation, 269
type of toes, 65
Partridge, Common, ramus—
flat tegmen, 259
ventral ridges, 259
Partridge, Gray—
downy feathers, 318
sequence of molts compared, 231, 232
Partridges, Red-legged, ramus—
absence ventral ridges, 259
sequence of molts compared, 232
Parts of body, terminology, 5
Passerine birds—
afterfeathers, 253
crown boundaries, 11
definitive downs, distribution, 266
down feathers, lack of, 264
ear coverts, 262
foot structure, 65
rachis, lack of in natal down, 265
scales of metatarsus, 67
ventral teeth, 248
Patagia—
chicken, 57
sources of terms, 57
Patagium, alular, Common Coturnix, 50
Patagium, cervical. Common Coturnix, 50
Patellar region—
Bronze Turkey, 49
Common Coturnix, 52, 53
Common Pigeon, 61, 62
Single Comb White Leghorn Chicken, 35
White Pekin Duck, 56, 58
Pattern formation—
barred patterns, 415
partial pigmentation, 415
piebaldness (white spotting), 415, 416
total pigment feathering, 415
white feathering, 416, 417
Pea comb, 10, 532, 533
Peacock, Blue, tail coverts, 256
Peafowl, Blue, filoplumes length, 275
Pearl and Pearl (1909), 531
Pectoral apterium, length of filoplumes, table,
315
Pelecanifôrm birds, afterfeather type, 255
Pelicans—
absence of filoplumes, 274
cancellate, 67
definitive downs, distribution, 266
down feathers, 264
feet, 66
flexules, 248
foot webs, 64
ramus, ventral ridges, 259
scales of metatarsus, 67
Pelissier (1923), 156
Pelvic tract, length of filoplumes, table, 315
Penguins—
definitive downs, distribution, 266
down feather, sequence, 264
downy barbules, 244
type of toes, 65
Penguin, Macaroni, ear tufts, 263
Pennaceous barbs—
contour feather, 243
Common Coturnix, 339
Common Pigeon—
discussed, 332, 333
cortex, 247

Pennaceous barbules—
dorsopelvic tract, 278
on bristles, 271, 272
See also barbules.
Pennulum—
friction barbules, 261
plumulaceous barbule, 243
Percival et al (1962), 392
Pericalamiai barbs, 252
Peska (1927), 366
Peters (1931-68), 697
Peterson (1947), 1
Peterson and Ringer (1964), 484; (1968), 361
Peterson et al. (1965), 360, 366, 437, 481, 546,
551, 569, 570, 638, 659
Petrelsbeak, 7
definitive downs, distribution, 266
down feathers, 264
downy barbules, 244
flexules, 248
oil gland feathers, lack of rachis, 268
prickles, 249
rachis, lack of in natal downs, 265
toes, 65
ventral teeth, 249
Petroff (1929), 531
Petrunkevitch (1933), 646, 647
Petry (1951), 424, 437, 459, 460, 461, 655
Pfeffer (1952), 274, 275, 276, 388, 390
Pfister (1927), 492, 493, 567
Phalangeal formula, defined, 65, 67
Phalanx—
coding of defined, 72
terminal, 67
Phalanx regionBronze Turkey, 45, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
Single Comb White Leghorn Chicken, 35,
39,41,42
White Pekin Duck, 54, 56, 58
Phalaropes—
downfeathers, width of base (barbules), 267
flexules, 248
web foot, 65
Pharynx, 15
deñned, 18
Pharynx regionBronze Turkey, 49
Common Coturnix, 53
Common Pigeon, 62
Single Comb White Leghorn Chicken, 42
White Pekin Duck, 58
Phasianidae, sequence of molts, 232
Pheasant, Ring-necked—
afterfeather type, 253, 254
downy feathers, 318
neck region orientation, 38
oil gland feathers, arrangement, 268
ramus—
absence of ventral ridges, 259
curved tegmen, 259
rectrices, 257
sequence of molts compared, 231, 232
Pheasant, Silver, sequence of molts compared,
231
Piciform birdsdefinitive downs, distribution, 266
foot region, 64

Pigeons—
absence of claw, 60
afterfeather type, 255
cere—
gross morphology and histology, 593-595
microscopic structure, 593-595
claws, 71, 72
definitive downs, distribution, 266
down feathers, 264
downy barbules, 244
feather and apterial muscles, 457-461
filoplumes development, 388
melanin in rhamphotheca, 398
oil gland skin, 268
pads and interpad spaces, coding, 72
plumulaceous barbules, 244
powder down, 269
histology, 387
powder down formation, 386
pterylosis—
contour feathers, 154, 155
dorsal view, 149
excluding head, 148-156
lateral view, 151
of head, 104
ventral view, 152
ptilosis, 99, 188-193
rachis, lack of in natal down, 265
remiges, 257
rump, degree of slope, 44
scales of foot, 71
simplified barbules, 251
source of specimens, 27
special feathers, 384
sternal apterium and bursa histology, 530
tail, lack of internal, 51
type of toes, 65
ventral teeth, 249
Pigeons, Archangel—
fat quills, 338
powder feathers, 335-338, 336, 337
selection for study, reason, 2
Pigeon, Blue Crowned, crest, 10
Pigeon, Common—
afterfeathers, types, 333
body and appendages regions, 60, 61, 62
body shape, 43
contour feathers, barbs, 332, 333
color, 331
gross appearance, discussion, 331, 332
measurements, shape, texture, 332
coverts, 333
digital pads, 70, 71
down feathers, 334
feathers, 331-338
filoplumes, 338
head regions, 26, 27-29
interpad spaces, 70, 71
joints, 70
nasal region variation, 23
neck shape, 36, 40, 43
nomenclature, 27
oil gland feathers, absence, 335
powder feathers—
discussed, 335-338
fat quills, 338
rectrices, 334
filoplumes, 338
remiges, 333, 334
filoplumes, 338
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Pigeon, Common—Continued
selected for studies explained, 2
semiplumes, 334, 335
simplified barbules, 251
skull and jaws, 27, 28
tail regions, 55
thigh and shank regions. 64
trunk, junction with tail, 51
Pigeon, Domestic, nomenclature, 27
Pigeon, laboratory, nomenclature, 27
Pigeon, Rock, nomenclature, 27
Pigeons, South German Shield, fat quills, 338
Pigments
carotenoids, 400
feet of chicken, table, 399
melanin, 392
porphyrins and others, 403
Pigment pattern formationhormones, 413, 414
pigment cells, 413
tissue environment, 412, 413
Pintail, feather weight and count, 194
Pitelka (1945), 76, 77, 117
Pithcontour feather, 243
downy barb ramus, 244
pennaceous barb, 245, 247
primary remex, 239
remex, tegmen, 258
Placodes, origin of feather germ, 347
Planes of vertebrate body, 3, 4
Plate (1918), 489, 635
Plates—
defined, 235
foot, 68
Plovers—
cere, 29
downy barbules, 244
ramus, ventral ridges, 259
scales of metatarsus, 67
toes, 65
Plumage—
chicken, ptilosis, 157-193, 159, 160, 162,
163, 166, 167, 168, 169, 173-177, 178,
180, 181
cycle, defined, 197
development—
age-composition changes, 211-213
back, 62 days old, 205
chicken breeds compared, 228-230
color charts—
body tract, 209
key to chart, 206
limb tract, 210
primary remiges, 207
rectrices, 208
secondary remiges, 208
composition, 214-227, 228
discussed, 197-233
hand, 57 days old, 205
neck, 204
rectrices, 206, 207
remiges, 205, 206
sequence, 214-227, 228
wing, 204, 206
domestic chickens, 197-233
first basic, 284
growing feathers, gross appearance, 199-203
growth rate, 213
effect of nutrition, 229
effect of sex, 213, 228

Plumage—Continued
Juvenal, 284
methods of study, 199
molts, timing and order, 213-233
sequence of comparative ages, table, 229
terminology, 197-199
timing of growth, defined, 203
Plumulaceous barbules, 243, 244, 265
definitive downs, 266
dorsopelvic tract, 278
ear coverts, 262
Mallard Duck, 329
of bristles, 272
oil gland feathers, 268
Plumules—
definitive downs, 266
down feathers, disparity with contour
feather, 267
Plymouth Rock Chicken, feather weight and
count, table, 193
Podiceps, spp., afterfeather type, 253
Polish breeds, chickens, crest, 10
Pomarine Jaeger, rectrices, 257
Pool et al. (1954), 482
Popliteal angle—
defined, 63
Single Comb White Leghorn Chicken, 41
Popliteal fossa—
Bronze Turkey, 46
defined, 63, 64
Single Comb White Leghorn Chicken, 41
Popliteal region—
Bronze Turkey, 45, 46
Common Coturnix, 50, 52
Common Pigeon, 60, 61
Single Comb White Leghorn Chicken, 39,
41, 63
White Pekin Duck, 54, 56
Porphyr in, and other pigments, 402-403
Porter (1952), 504; (1954), 492, 536
Porter and Pappas (1959), 492, 504
Portmann (1963), 409
Portmann and Stingelin (1961), 12
Portmann et al. (1963), 415
Postarticular process—
Bronze Turkey, 12
Common Pigeon, 28
Great Horned Owl, 33
Postdorsal regions—
Bronze Turkey, 45, 46
Common Coturnix, 50, 52
Common Pigeon, 60
Single Comb White Leghorn Chicken, 39, 41
White Pekin Duck, 54
Postdorsum, use of term defined, 43
Posterior dorsal region
Bronze Turkey, 45
White Pekin Duck, 54
Posthumeral tract feathers, 300
length, 300, 301
measurements, 300
Postlatal region—
Bronze Turkey, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61
Single Comb White Leghorn Chicken, 39,
41,42
White Pekin Duck, 54, 56, 58
Postlatus (right and left), use of term defined,
43
Postorbital ligament, Common Pigeon, 28

Postorbital process, 13
Bronze Turkey, 12
Common Pigeon, 28
Great Horned Owl, 31, 33
Postorbital process and squamosal process
fused. White Pekin Duck, 22
Postorbital region—
Common Coturnix, 19
Common Pigeon, 26, 27
points of difference, 28
defined, 14
Great Horned Owl, 30, 32, 31
Single Comb White Leghorn Chicken, 8
White Pekin Duck, 21, 23
Postpatagium regions—
Bronze Turkey, 45, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
Single Comb White Leghorn Chicken, 39
41, 42, 57
White Pekin Duck, 54, 56, 58
Postventor region—
Bronze Turkey, 46, 49
Common Coturnix, 52, 53
Common Pigeon, 61, 62
Single Comb White Leghorn Chicken, 41, 42
term defined, 43
White Pekin Duck, 56, 58
Potóos, rémiges, friction zones, 261
Pough (1957), 1
Powder down—
absence of rachis, 269
as waterproofing agent, 270
calamus, 270
composition, 269
discussion, 269-270
growth rate, 269
nomenclature, 269
orientation, 269
pigeon, histology, 387
possible evolution, 270
rami vestigial, 269
source, 269
taxonomic value, 270
Powder down patches, principles of pterylosis,
92
Powder feathers—
Archangel Pigeon, 337
color, 337, 338
discussed, 336
distribution, 336
measurements, 337, 338
shape, 337, 338
texture, 337, 338
Common Pigeon, 335-338
afterfeather, 338
development, 335
distribution, 335
fat quills, 338
shape, 336
structure, 335
development, 386
Prefiloplumes, 265
development, 357
Prefrontal bone—
Bronze Turkey, 12, 13
Common Pigeon, 28
Great Horned Owl, 31, 33
nomenclature, 21
White Pekin Duck, 22
Prejuvenal molt, term defined, 198
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Premaxilla region, 12, 13, 22, 32
Prentice and Eastlick (1953), 397, 400; (1954),
393, 394
Prepatagial apterium, under, 300, 301
Prepatagium—
Bronze Turkey, 45, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
covert, 299
Single Comb White Leghorn Chicken, 57
39, 41, 42
White Pekin Duck, 54, 56, 58
Prepennae, 264
development, 354
Preplumules, 264
development, 356, 357
Prickles, defined, 249
Prionops plumataj 10
Procellariiforme birds—
beak, 5, 6
phalangeal formula, 67
Process, frontal, Bronze Turkey, 10
Prodorsal region^—
Bronze Turkey, 45, 46
Common Coturnix, 50, 52
Common Pigeon, 61
Single Comb White Leghorn Chicken, 39, 41
White Pekin Duck, 54, 56
Prodorsum, defined, 43
Prolatal region—
Bronze Turkey, 45, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
Single Comb White Leghorn Chicken, 39,
41,42
White Pekin Duck, 54, 56, 58
Prolatus (right and left), defined, 43
Prosopium—
defined, 21
White Pekin Duck, 22
Prosser and Brown (1961), 378
Proventer region—
Bronze Turkey, 46, 49
Common Coturnix, 52, 53
Common Pigeon, 61, 62
defined, 264
Single Comb White Leghorn Chicken, 41, 42
White Pekin Duck, 56, 58
Psilopaedic, defined, 264
Ptarmigans—
afterfeathers, 253
sequence of plumage, 232
shedding of claws, 197
Pteranodon, notarium, 43
Pterygoid bone—•
Bronze Turkey, 12, 13
Common Pigeon, 28
Great Horned Owl, 31
White Pekin Duck, 22
Pteryla(e)
defined, 1
histology of chicken, 509-514
list of feather tracts, 74, 75
Pterylography, defined, 73
Pterylology, deñned, 73
Pterylosis—
Bronze Turkeycontour and down feathers, 128, 129
dorsal view, 122
excluding head, 121-128
head, 101-102

Pterylosis—Continued
Bronze Turkey—Continued
lateral view, 124
ventral view, 127
Common Coturnix—
contour and down feathers, 136, 137
dorsal view, 130
excluding head, 128-139
head, 102, 103
lateral view, 131
remiges, 139
remiges, variation, table, 135
ventral view, 133
Common Pigeon—
contour feathers, 154, 155
dorsal view, 149
excluding head, 148-156
head, 103, 104
lateral view, 151
ventral view, 152
definitions, 73
domestic birds, 97-196
excluding head, 104-156
Great Horned Owl, 85
Grouse, head, 100
methods of plotting, 638-639
powder down patches, 92
principles, 73-95
Single Comb White Leghorn Chicken—
cloaca feather follicles, 114
contour and down feathers, 118, 119
dorsal view, 105
excluding head, 106-121
feather count, table, 114
feather folMcles in rows, 111, 112
hand and forearm, 120
head, 97-100
lateral view, 106
rectrices to pj^gostyle, relationship, 115
uropygial eminence, feather tract, 113
ventral view, 108
summary of feather rows, table, 81
terminology, 73-95
White Pekin Duckcontour feathers, 146, 147
dorsal view, 141
excluding head, 139-148
head, 103, 104
lateral view, 142
ventral view, 144
Ptilology, defined, 73
Ptilopaedic, defined, 264
Ptilopody, use of term, 65
Ptilosis—
Bronze Turkey, 175-182
poult, 102
Common Coturnix, 182-183
Common Pigeon, 188-193
covert overlap, 192
defined, 73
domestic birds, 97-196
feather weight and number, 193-196
rectrices and tail coverts, table, 161
Single Comb White Leghorn Chicken,
157-175
digits, table, 172
feather coat, 162
feather coat and tracts, 158, 161
head, 99
remiges and coverts, 173-181
wing, 166-171

Ptilosis—Continued
terminology, 157
White Pekin Duck, 183-188
Pubic bone regions—
Bronze Turkey, 49
Common Coturnix, 53
Common Pigeon, 62
Single Comb White Leghorn Chicken, 42
White Pekin Duck, 58
Puder-dunen (German), defined, 269
Pumphrey (1961), 262
Punnett and Bailey (1918), 601
Puffinsbeak, 6, 7
rhamphotheca, shedding of corneous plates,
197
Puffin, Tufted, ear tufts, 263
Pulpcontour feather, 237, 238, 243
embryonic development, 351-353
formation, 365, 366
migration of melanocytes, 395
nerves, 361
of beard bristle, microscopic structure, 578
Pulp caps, 236, 237, 238, 239
bristles, 271
filoplume, 274
formation, 381-383
Pulp epithelium—
calamus wall, 237
formation, 376
Pulviplumes, defined, 269
Pycraft (1898), 77, 80, 84, 262, 264, 265, 266,
275; (1899), 84, 88, 116, 192; (1903), 28;
(1904), 84, 190, 192; (1907), 265; (1910),
57, 270

Quadrate, Great Horned Owl, 33
Quadrate bone—
body of—
Bronze Turkey, 12
Great Horned Owl, 31
White Pekin Duck, 22
Common Pigeon, 28
mandibular face, 13
orbital process, 13
Bronze Turkey, 12
White Pekin Duck, 22
otic process, White Pekin Duck, 22
Quadratojugal bone, 13
Bronze Turkey, 12
Great Horned Owl, 31
White Pekin Duck, 22
Quail—
afterfeatlier type, 253
rachis, lack in natal down, 265
ramus, absence of ventral ridges, 259
See also Coturnix Common, Coturnix
coturnix.
Quail, California, sequence of molts, 231, 232
Quail, Common, sequence of molts, 231
Quail, Common Coturnix—
suborbital region size of, 14
variations in trunk boundaries, 48
Quail, Coturnix, barb spacing, table, 241, 259
Quail, Harlequin, sequence of molts, 232
Quail, Mountain, sequence of molts, 232
Quail, New World, sequence of molts, 231
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Quail, Scaled, sequence of molts, 231, 232
Quills, defined, 199
Quill (shaft). See Feather, structure, contour.
Quilliam and Armstrong (1963), 362
Rachidial barbules, 279
Rachidial ridges, formation, 376
Rachis, 236, 240
absence in powder down, 269
attachment of ramus, 243
barb, 237
bristles, 271, 272
completion of, 374, 375
contour feather, 238, 243
cortex, 243
cortical ridge, 240
defined, 235
definitive downs, 266
dorsopelvic tract, 278
downy barb, 313
downy feather, 311
embryonic growth, 352
filoplume, 275, 274, 275, 315
friction barbules, 261
lack in natal down, 265
natal down, 264
natal feather, 264, 265
oil gland feathers, variations of, 268
origin of, 371
pennaceous barb, 241
pith, 240, 243
proximal end, 237, 238
rectrices, 302
remiges and retrices, 256
structure, internal, 240
ventral groove, 239, 240
ventral ridge, 240
Radi and Warren (1938), 228, 230, 357
Radial regionBronze Turkey, 45, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
Single Comb White Leghorn Chicken, 35,
39,42
White Pekin Duck, 54, 56, 58
Rails—
afterfeather type, 253
definitive downs, 266
downy barbules, 244
flexuies, 248
special feathers of, 384
Raitt (1961), 231
Rami—
differentiation, 374
jaws, defined, 16
Ramon-Cajal (1933), 480
Ramus, 241
attachment of barbule, 243
attachment to rachis, 240, 243
cells, 241
contour feather, 279
dorsopelvic tract, 278
down feathers, 311
downy barb, 311, 312, 313
cortex, 244
pith, 244
notch, 241
orientation, downy barbs, 313
pennaceous barb, 241, 243, 245, 247
petiole, 241
powder down, vestigial, 269
remex, pennaceous barb, 258
retrices, 258, 259

Ramas—Continued
structure, general discussion, 241-242
terminology use, 241
Tyndall scattering, 404
'^Randplatte," German term, 349
Raspet (1960), 258
Rasplicka and Fry (1963), 515
Raven, filoplume structure mentioned, 275
Rawles (1944), 393; (1959), 415; (1960), 17,
392, 393, 400, 403, 406, 407, 412, 413, 415;
(1963), 342, 346, 347, 365; (1965), 347
Rectrices—
barbs, 256, 257, 258
Bronze Turkey, 323
calamus, 256
calamus, length, table, 303
calamus structure, 302
characteristics, 255
Common Coturnix—■
measurements, 340
shape, 340
Common Pigeon—
measurement, 334
orientation of filoplumes, 338
texture, 334
development of plumages, comparisons,
230, 231
filoplumes, length, table, 315
friction barbules, 261
length—
caudal tract, table, 303
sex differentiation, table, 303
molts—
appearance of replacement feathers, 199
gallinaceous birds, 230-233
ptilosis, table, 161
rachis, 256
caudal tract, 302
ramus, 258, 259
Single Comb White Leghorn Chickens
development of plumages, color chart,
208
sizes, structure, 302
structure—
discussion, 255-262
size, 255
vanes and barbs, 239
tail, dorsal side, 302
tips, 257
vanes, 256, 257, 258
ventral ridge, 258, 259
White Pekin Duck, measurements, 330
Rectrix, one, 297
Regions
defined, 1
head, 5-33
terminology, 5
Reibungsradien (German): barbules (syn), 260,
Reichenow (1871), 65; (1906), 6; (1913), 1
Reichling (1915), 80
Remex—
alar tract feathers, 294
measurements, 296
barbule variation, 298
covert, length, 301
filoplumes, 315
friction barbules, 261.
See also Barbule.
primary, 239, 297
Single Comb White Leghorn Chicken—
development of plumage, 202

Remex—Continued
Single Comb White Leghorn Chicken—Con.
hand, 205
wing, 204, 206
tegmen of pennaceous barbs, 258
Remiges—
alar tract feathers, 291-296, 294, 295
arrangement, outspread wing, 260
barbs, spacing, table, 259
barbules, 259
proximal, 260
calamus length, table, 295
characteristics, 255
Common Coturnix, 340
Common Pigeon, 334, 338
development of plumages, chickens, 229, 230
distal barbules, 292-294
filoplumes, length, table, 315
friction barbules, 261, 261
gallinaceous birds, sequence of molts compared, 231, 232
length, table, 292
molts, appearance of replacement feathers,
199
proximal barbules, discussed, 292
ptilosis, chicken, 162, 163, 166-171, 173177, 181
rachis, 256
ramus, 258, 259
Single Comb White Leghorn Chicken—
color chart, history, 207, 208
development of plumage, 203, 205, 206
wing, 204, 206
structure, 255
barbs, 256, 257, 258
calamus, 256
size, 255
vanes, 256, 257, 258
vanes and barbs, 239
tips, 257
vanes, 242
ventral ridge, 258, 259
White Pekin Duckdifferentiation, measurements, 330
pennaceous barbs, 329, 330
Remiges, primary, table, 292
Remiges, secondary. Bronze Turkey, 322, 323
Kensch (1923), 411
Requate (1959), 330
Rhamphotheca—
deposition of melanin, 397-399, 398
shedding of corneous plates, 197
Rhamphotheca tip, Common Pigeon, 28
Rheas—
afterfeather type, 255
definitive downs, orientation, 266
toes, 65
Rhode Island Red Chicken—
feather weight and number, table, 193
molts and plumages, breed differentiation,
229, 230
Rhode Island White Chicken, method of
feather identification, 277
Rhodin and Reith (1962), 379
Rhodoxathin in color formation, 400
Ribs of Single Comb White Leghorn Chicken,
35
Richards (1967), 544, 552, 562; (1968), 544
Richardson (1942), 257; (1943), 259, 330
Rictal apterium, Common Coturnix, 20
Rictal region—
Common Coturnix, 20
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Rictal region—Continued
Common Pigeon, 27
points of difference, 29
defined, 16
discussed, 17
Rictal region—Continued
Great Horned Owl, 25, 33
White Pekin Duck, 25
Rictal tract feathers, length, 308
Rictus, 18
African Goose, 24
Bronze Turkey, 10,11
Common Coturnix, 20, 53
Common Pigeon, 26
Great Horned Owl, 30, 31
gross morphology and histology, 552-558
Mallard Duck, 20
microscopic structure, 552-558, 552-557,
632, 633
shedding of fleshy growths, 197
Single Comb White Leghorn Chicken, 9, 18
White Pekin Duck, 21
Riddle (1908), 371, 384
Ridges—
cortical, ventral, contour feather, 237
pennaceous barb, 258
ramus, pennaceous barb, 245, 247
Riley (1967), 416, 417
Ring, plumulaceous barb, Bronze Turkey, 319
Ringer (1965), 343, 413, 479
Roadrunner—
bristle color, 273
bristle structure, 272
Robb-Smith (1952), 504
Roberts (1949), 1
Robin—
barbs, spacing, table, 259
bristles, 271
filoplume, rachis size, mentioned, 275
scales of metatarsus, 67
Robinson (1921), 533
Rockfowls, auricular regions, 263
Rogers (1932), 500
Rollers, lack of down feathers, 264
Romanoff (1960), 59, 347, 393, 400, 598, 618
Romanoff and Romanoff (1949), 400, 403
Romer (1945), 21
Rose (1892), 17
Rose comb, 10
Rosenstedt (1897), 535
Rostroparasphenoid bone, 13
Ruby-throated Hummingbird, vane, 240
Rump, use of term defined, 43
Russell (1947), 640
Rutschke (1960), 246, 248; (1966), 256;
(1966b), 409

Sack (1963), 647
Saddle, 1, 162
Saddle feathers, 158, 159
Sage (1962), 412, 416, 417
Sager (1955), 264, 412
Salomonsen (1939), 232, 253, 363
Sanderling, toes, 65
Sandgrouse—
definitive downs, 266
ramus, ventral ridges, 259
Sandison (1932), 500
Sandpipers—
afterfeather type, 253
beak, 6

Sandpipers—Continued
downy barbules, 244
flexules, 248
oil gland feathers, rachis variation, 268
ramus, ventral ridges, 259
Sänger and Smith (1957), 638
Sapy (1941), 469, 470, 473, 574
Saunders and Gasseling (1957), 342
Saunders et al. (1957), 365
Scales—
acrometatarsium, 597
acropodium, 597
deposition of malanin, 397-399
foot, 67
pigeon, 71
genetics, 601
histology, 602-606
metatarsus—
microscopic structure, 597
turkey, 68
microscopic structure, 602-606, 602, 604,
605, 607, 608
relationships of scales and feathers, 601
relationship to feathers on metatarsus and
toes, 600
types, 595
White Pekin Duck, 71
Scammon (1921), 660
Scapula, 57
Scapula, Single Comb White Leghorn Chicken,
35
Scapulars, described, 290
Schaible (1962), 415
Scharrer (1940), 546, 657
Schaub (1912), 264, 265, 344, 352
Schauder (1923), 558
Scherren (1903), 73
Schildmacher (1931), 273, 362
Schiller and Dorfman (1956), 543
Schmalzkielen (German) : fat quills, 338
Schmidt (1949), 403, 409; (1961), 403, 411
Schmidt and Ruska (1962), 409
Schneider (1931), 565, 566
Sch0nheyder (1938), 403
Schorger (1957), 40, 572, 573, 574, 579
Schreiber (1960), 487
Schroeder and Kay (1955), 380
Schroeder et al. (1957), 380
Schultz (1962, Communication), 419
Schumacher (1915), 545, 546; (1919), 268, 269,
613, 614, 624, 635
Schüz (1927), 92, 269, 335, 339, 349, 350, 353,
376, 386, 411
Schwarte (1965), 638
Schwartzkopff (1955), 362
Schwarz (1931), 343, 413
Schwarz and Kolbe (1963), 343, 393
Schwarz and Schröder (1966), 473
Sclater (1867), 613, 614
Sclerotic ring—
Bronze Turkey, 12
Great Horned Owl, 32, 33
Single Comb White Leghorn Chicken, 35
Screamers, afterfeather type, 255
Scrub Fowl, primitive feathers, 346
Scruiï, defined, 38
Scutes—
microscopic structure, 604, 605
pehcan foot, 66
Single Comb White Leghorn Chicken, 66
White Pekin Duck, 66
See also Scales.

Seaman and Storm (1963), 491
Secretary Bird, rachis, 256
Seiji et al. (1963), 392
Seiander et al. (1964), 392
Selby (1955), 486, 537
Semibristle, Bronze Turkey, on head, 324
Semibristles, example shown, 271
Semiplumes—
abdominal tract, 310
measurements, 287
Beltsville White Turkeylateral body tract, 326
measurement, 328
Bronze Turkey—
distribution, 326
identifying characteristics, 320
characteristics, 310, 313
Common Coturnix, 340
Common Pigeon, 334, 335
crural tract, 289, 290
orientation of rami, barbules, 313
pectoral tract feather, 285, 286
sternal tract, 286
structure, 263
texture—
down feather, 311, 312
variation, 310
Sengel (1958a), 342, 346, 348, 365; (1965), 348
Septum, Bronze Turkey, 12
Septum nasal, ossified, goose, 24
Sex comparison, plumages and molts, 213, 228
Sex differentiation, dorsal cervical tract
feathers, 282
Shaft, 236
Shank—
defined, 61
use of term, 1
Shank regions, 49
Bronze Turkey, 45, 46, 63, 65
Common Coturnix, 50, 52, 53, 64
Common Pigeon, 60, 61, 62, 64
Single Comb White Leghorn Chicken, 39,
41,42
boundaries, 63
White Pekin Duck, 54, 56, 58, 64
Shanthaveerappa and Bourne (1963), 362
Shearwaters—
afterfeather type, 253
disparity in aft er feathers, table, 267
Sheath—
calamus wall, 237
contour feather, 243
disintegrated, contour feather, 238
emergence of feather after hatching, 353
feather, development, 376
feather emergence, 380-381
remnant—
natal down, 264
on bristles, 271
Shelford (1900), 84
Shields, 10
Shoffner and Canfield (1957), 515
Shorebirds—
definitive downs, 266
down feathers, 264
ear coverts, function, 262
rachis, lack in natal downs, 265
Shoulder and neck, boundary—
Bronze Turkey, 45, 49
Common Coturnix, 53
White Pekin Duck, 54, 56
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Shoulder and neck, arbitrary boundary,
Bronze Turkey, 45
Shoulder feathers, described, 290
Shoulder joint—
Bronze Turkey, 45, 46
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
Single Comb White Leghorn Chicken, 39
White Pekin Duck, 54, 56, 58
Shoulder regions—
boundaries—
Single Comb White Leghorn Chicken, 57, 59
White Pekin Duck, 58
Bronze Turkey, 45, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
Single Comb White Leghorn Chicken, 39,
41, 42
White Pekin Duck, 56, 58

Shrikebeak, 6, 7
crest, 10
feather weight and number, 194
Shufeldt (1888), 79, 90; (1890), 477; (1900), 19;
(1909), 11
Sick (1937), 242, 245, 246, 247, 248, 249, 250,
251, 258, 260, 261; (1939), 411
Sickles, caudal tract feathers, defined, 302
Silkie, earlobes, 15
Silver Spangled Hamburg Chickens—
molts and plumages, 228, 229, 230
sequence of molts compared, 232
Skeletal landmarks, body and appendages
regions, 33-36
Skeleton—
fumigation and cleaning, 641
preparation, techniques, 640-641
Skimmers—
down feathers, width of base barbules, 267
foot, 64
Skincaudal apterium, microscopic structure, 508
chickensformation, 347
inner surface, 424, 427
junction of feather muscle and follicle, 358
color, 391-419
epidermis—
layers, 238
secretory activity, microscopic structure,
627-635
humeral tract, microscopic structure, 513
lateral pelvic apterium, microscopic structure, 502
melanocyte, 398
method of examination, 646
microscopic structure, 485-531
molt process, 197
pectoral apterium, microscopic structure, 498
postauricular apterium, microscopic structure, 489-498, 490, 493, 495, 496, 497
relationship of tissue layers to follicle, 512
rictus—
microscopic structure, 552-557
presence of lipoid secretions, 632, 633
sternal apterium, microscopic structure,
517-531, 520, 522, 529, 530
sternal bursa—
gross morphology, 516-517
microscopic structure, 517-531
terminology. 485-489
tissue staining techniques, 653-657, 654

Starling—Continued
Skinner (1961), 485
calamus, size, 256
Skuas, foot, 64
Staub-dunen, defined, 269
Skull, 15
Staubesand (1951), 546
African or Chinese Goose, 24
Stedman (1961), 80, 487
boundary at base of head, 13
Steedman (1960), 637
Bronze Turkey, 11, 12
Stegmann (1956), 412
Common Pigeon, 27, 28
Stein (1936), 261
points of difference, 27
Steiner (1917), 83, 84, 88, 115, 116, 117, 145,
duck, goose, differences, 26
153, 154, 192, 255, 344, 601; (1956), 83,
Great Horned Owl, 31
88, 116, 145, 192; (1957), 404, 405
osteology, 25, 26
shape, relationship to shape of brain, 12
Stellbogen (1930), 263
Stephenson et al. (1960), 515
ventral view, 13
White Pekin Duck, 21, 22
Stern (1905), 613, 619
Smith (1911), 537, 540
Sternal region—
Bronze Turkey, 46, 49
Smith (1956), 515
Common Coturnix, 52, 53
Smyth et al. (1951), 392, 393
Common Pigeon, 61, 62
Snipes—
Single Comb White Leghorn Chicken, 35,
beak, 6
Common, flight sounds, 257
41, 42
Siberian Pintail, flight sound, 257
White Pekin Duck, 56, 58
Snood—
Sternal tract, filoplumes, 315
Bronze Turkey, 10, 45, 46
Stiltdefined, 10
feet, 66
histology, 566-570
scales of metatarsus, 67
names for, 564-565
toes, 65
See also Frontal process.
Storer (1960b), 62
Somes and Smyth (1965), 392, 393
Storks—
Somes et al. (1966), 417
auricular region, 263
Songbirds, afterfeather type, 253
definitive downs, orientation, 266
Sooty Tern, reproductive cycle, 197
downy barbuies, 244
Spanner (1925), 475
ramus, ventral ridges, 259
Sparrows—
Streich and Swetosarov (1937), 213, 342, 381
bristle color, 273
Stresemann (1927), 255; (1963), 198; (1965),
bristle location, 270
231, 233
feather weight and count, 194
Striated muscle, staining techniques, 652
pterylosis, loral and superciliary tract, 100
Strong (1902), 241, 245, 341, 343, 369, 373, 374,
semibristles, 273
375, 379, 395, 402, 418; (1903), 409; (1917),
Sparrow, House, beak, 7, 6, 16
369, 394; (1939-50), 392
Spearmann (1966), 197, 342, 378, 379, 380, 486
Structural colors, relationships, 409-410
Spencer (1948), 653
Studer (1878), 235
Spiessradius (German): stylet barbule, 251
Sturkie et al. (1937), 402
Spinal tracts, principles of pterylosis, 77, 78
Styliform process, Single Comb White Leghorn
Spine—
Chicken, 35
dorsal, pennaceous barb, 245, 246
Subcutis, terminology, 486-489
sternal. Single Comb White Leghorn
Subhumeral tract feathers, 300
Chicken, 35
length, 301
see also Barbuies, Barbicels.
Sub malar region—
Spöttel (1914), 273, 333, 334, 386, 393, 396, 411
Bronze Turkey, 49
Spur, metatarsal—
Common Coturnix, 20, 53
Bronze Turkey, 45, 46, 49
Common Pigeon, 29
growth by age and sex, table, 611
defined, 19
microscopic structure, 609-612
Great Horned Owl, 30, 33
Single Comb White Leghorn Chicken, 34,
Single Comb White Leghorn Chicken, 42
41, 42, 69
White Pekin Duck, 25
Squamosal bone—
Submalar tract feathers, length, 309
anterior process—
Submandibular region—
Bronze Turkey, 12
Bronze Turkey, 49
Common Pigeon, 28
Common Coturnix, 53
Great Horned Owl, 31
Common Pigeon, 62
Squamosal process and postorbital process
White Pekin Duck, 58
fused. White Pekin Duck, 22
Suborbital bar, goose, 24
Squamous cells, ramus, 241
Suborbital region—
Staebler (1941), 195
Common Coturnix, 19
Stahl (1956), 380
Common Pigeon, 26, 27
Stammer (1961), 361, 362
point of difference, 28
Staples (1948), 417
defined, 14
Staples and Harrison (1949a), 418; (1949b), 418
Great Horned Owl, 30, 31
Starling—
White Pekin Duck, 21, 22, 23
bristles, 177, 271
Sultan chicken, crest, 10
color, 272
Sundevall (1886), 84, 89, 173
structure, 272
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Superciliary tract feathers, length, 307
Supraoccipital bone region—
Bronze Turkey, 12
White Pekin Duck, 22
Surangular bone region—
Bronze Turkey, 12
Common Pigeon, 28
White Pekin Duck, 21
Swallows, afterfeather type, 255
Swallow, Nuremberg, fat quills, 338
Swan (1963), 392
Swans—
beak, 6
feather identification, 330
feather weight and count, 194
filoplume barbuies, 275
foot, 64
head regions, 20-25
prickles, 249
rachis, 256
ramus—
flat tegmen, 259
ventral ridges, 259
skull differences, 26
ventral teeth, 249
Swan, Mute, pennacous barb, tegmen, 258
Sw^an, Trumpeter, beak, 7
Swan, Whistling—
barbs, spacing, table, 259
neck region orientation, 38
Sweep of back, use of phrase, 1
Swifts—
definitive downs, orientation, 266
feathers, tips, spinose, 257
phalangeal formula, 67
ventral teeth, 248
Szirmai (1956), 541; (1957), 543

Tail, 51
Common Coturnix, 48
coverts, 302
length, 303, 304
distal down feathers, 302
feather and apterial muscles, 429-432
internal, species differences, 43
rectrix, 302
Tail and body, boundary, 43
Tail feather, rectrix, 296
Tail regions—
Bronze Turkey, 45, 46, 49
Common Coturnix, 50, 52, 53
discussed, 55
Common Pigeon, 55, 60, 61, 62
Single Comb White Leghorn Chicken, 39,
41,42
boundaries, 51, 52
turkey, boundaries, 52, 53, 55
White Pekin Duck, 55, 54, 56, 58
Tail, topographic anatomy, 51-55
Tanabe and Katsuragi (1962), 413
Tanager, color of ramus, 404
Tarsometatarso-phalangeal jointsBronze Turkey, 45
Single Comb White Leghorn Chicken, 39
White Pekin Duck, 54
Tarsometatarsus, Single Comb White Leghorn
Chicken, 35
Tarsus, defined, 62
Tastfedern (German), mentioned, 272
Taubert (1910), 384

TealBlue-winged, oil gland feather structure, 331
feather weight and count, 194
Green-wñnged, contour feather, mentioned,
329
Techniques—
anatomical illustration, 660-670
equipment used, 661-666
anesthesia and killing, 637
gross examination of body, 638, 639
preparation of skeletons, 640-641
staining skin, 653-657
study of feathers, 641-644
tracing blood vessels, 657-659
X-ray, 640
tissue sections—
preparation, 644-649
staining, 649-653
used in research for volume, 637-670
Tegetmeier (1873), 3, 504
Tegmen, defined, 259
Tejning (1967), 380
Tello (1922), 352
Temporal tract feathers, length, 307
Tendon, between apterial muscles, structure,
503
Terminology—
acrometatarsium, 597
acropodium, 597
afterfeather structure, 252
arteries, 469, 470
barb, 241
barbules, 242, 243
importance of orientation, 247
booted, booting, 65
cancella, 597
dermis, 487
epidermis, 487
general policy of selection, 2
holothecal, 65
humeral tract feathers, 290
leg-feathering, 65
mature feather, defined, 200
molts—
discussed, 197-199
table, 198
movement, examples mentioned, 4
numerical terms, 198
orientation, 3-5
pads and interpad spaces, 71, 72
parts, regions, palpable structures, 5
plumagesdiscussed, 197-199
table, 198
powder dowm, 269
pterylosis, 73-95, 97
ptilopody, 65, 598
ptilosis, 97, 157
rachidial barbules, 251
reticula, 597
scale types, 595
structure of feathers, 235
subcutis, 487
topographic anatomy, 1-5
Terns—
filoplume development, 388
foot, 64
Tetzlafî et al. (1965), 437, 479, 484, 656, 659
ThighBronze Turkey, 45, 46, 49
feather and apterial muscles, 446

Thigh—Continued
chicken, feather and apterial muscles, 437438, 438, 439, 462, 463
Common Coturnix, 50, 53
Common Pigeon, 60, 62
defined, 61
Single Comb White Leghorn Chicken, 39,
41, 42
boundaries, 63
feather development, 203
White Pekin Duck, 54, 58
Thigh and prolatal region—
boundary, Bronze Turkey, 46
Single Comb White Leghorn Chicken, 41
Thigh and trunk boundaries, Single Comb
White Leghorn Chicken, 47
Thigh regions—
Bronze Turkey, 63, 64
Common Coturnix, 52, 64
Common Pigeon, 64
White Pekin Duck, 56, 64
Thompson (1901), 79
Thompson and Kabat (1950), 231
Thomson (1964), 27, 57, 65, 73, 265, 269, 417,
547, 565
Thoracic inlet—
Bronze Turkey, 49
Common Coturnix, 53
Common Pigeon, 62
Single Comb White Leghorn Chicken, 42
White Pekin Duck, 58
Thorax, defined, 43
Throatdefined, 18
sequence of molts, gallinaceous birds, 231
Thrushes—
afterfeathers, 253
bristle location, 270
filoplumes, 274
.scales of metatarsus, 67
Thüringer (1924), 485
Tibia, knee region, 63
Single Comb White Leghorn Chicken, 35
Tiedemann (1810), 262
Tinamous—
afterfeather type, 253, 338
definitive downs, 266
downy barbules, 244
powder down, 269
Tissue sections—
calcified tissues, processing, 647
embedding and sectioning feathers, 647,
648, 649
fixation and infiltration, 646
immobilization during fixation, 645-649
methods of preparing slides, 648
methods of recording, 644, 645
preparation, 644-649
selection of tissue, 645
skin, method of examination, 646
staining techniques, 649-653
water bath, 646, 647
Toes—
Bronze Turkey, 69
Common Pigeon, 71
diversity of form, 65
microscopic structure, 602, 604, 605, 607
regions, 65-72
relationship of feathers to scales, 600
reticulate type of scales, 67, 597
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Toes—-Continued
Single Comb White Leghorn Chicken, 69
phalangeal formula, 61, 67, 68
variation in species, 66
White Pekin Duck, 64
Tomia, defined, 17
Tomium—
Bronze Turkey, 10
Common Pigeon, 26
Great Horned Owl, 30
Tompsett (1956), 657, 658
Tongue—
boundary mark, 18
Bronze Turkey, 11, 12
function, 19
Tooth, ventral, of pennaceous barb, 245, 246,
247
Topographic anatomy—
axes of body, appendages, planes, in
bilaterally symmetrical animal, 4
body and appendages regions, 33-72
chicken, 6-19
head regions, 5-33
turkey, 6-19
Totipalmate toes, Pelican, 66
Toucans—
afterfeathers type, 253
bill, 10
heel pads, shedding, 197
special feathers, 384
Trachea, Great Horned Owl, 33
Tracts, list of terms, 74, 75
Transverse plane, 4
Transverse section, bilaterally symmetrical
animal, 4
Trinkaus (1953), 413
Triosseal canal. Single Comb White Leghorn
Chicken, 35
Trogans—
afterfeather, 338
afterfeather type, 253
definitive downs, orientation, 266
rectrices, tips, 257
type of toes, 65
Tropic-birds, absence of filoplumes in some
species, 274
Trows, defined, 244
Truncus (trunk), 5
Trunkboundaries, White Pekin Duck, 58
Common Coturnix, 48
Common Pigeon, 51
discussed, 43-51
nomenclature, 43, 44
Single Comb White Leghorn Chicken, 44-48
turkey, 48
White Pekin Duck, 48
Trunk and internal tail boundary, Single Comb
White Leghorn Chicken, 39
Trunk and neck boundary—
anatomical, Common Pigeon, 60
arbitrary—
Common Coturnix, 50
Common Pigeon, 60
Bronze Turkey, 45, 49
Common Coturnix, 53
Single Comb White Leghorn Chicken, 39
Tubercule, Bronze Turkey, 11
Tulner and Dullenmeijer (1957), 12
Tunnicliffe (1945), 1

Turacos—
afterfeather type, 253
disparity in afterfeathers, table, 267
downy barbules, 244
prickles, 249
Turcek (1966), 196
Turkeysabsence of claw, 60
afterfeather type, 253
barbules, color, 408
beak, 9
beard and papilla, microscopic structure,
571-579
body and appendages regions, 40
bristles, eyelash, 272
bristle color, 273
bristle location, 270
caruncle, microscopic process, 571
crown boundary, 11
digit, 69
feathers—
melanin granules, 397
sex differentiation, 319-328
feather and apterial muscles, 438-447
feather color, 318
feet, scutellation of nonfeathered, microscopic structure, 595-597
frontal process, microscopic structure, 564571
head, boundaries of regions, 11
iridescent barbules, 407, 409
metatarsus regions, 68
neck region, 36
pads and interpads, coding, 72
pterylosis—
contour and down feathers, 128, 129
dorsal view, 122
excluding head, 121-128
head, 101-102
lateral view, 124
ventral view, 127
ptilosis, 175-182
ramus—
curved tegmen, 259
ventral ridges, 259
rump, degree of slope, 44
semibristles, 273
sequence of molts, compared, 231
sternal apterium and bursa, histology,
527-528
tail differences, 51
thigh and shank region, 63, 64
trunli, 48
Turkey, Beltsville Whitecontour feather, dorsopelvic tract, 321
down feathers, 327
feather structure, comparison with Bronze
Turkey, 327, 328
semiplume, 323, 326
Turkey, Bronze
body and appendages regions, 45, 46
capital tract feathers, 323, 325, 326
cervical tracts, 320
contour feathers—
abdominal tract, 321
crural tract, 322
dorsopelvic tract, 319
femoral tract, 322
interscapular tract, 320
sternal tract, 321
coverts, 323

Turkey, Bronze—Continued
downs, 326, 327
feathers, 318-328
filoplumes, 327
head, 15
description of feathers, 323, 325, 326
feathers, 324, 325
lateral view of skull and jaw, 12
head regions, 10
humeral tract feathers, 322
interpad spaces and digital pad distribution,
71
oil gland feathers, 327
plumulaceous barb, 319
rectrices, 323
rémiges, 322, 323
selection for studies explained, 2
semiplumes, 320, 321, 326
simpHfied barbules, 251
tail region boundaries, 52, 53, 55
Turkey, Ocellated, bristles, 325
Turkey, White Holland, method of feather
identification, 277
Tyndell scattering—
defined, 403
in rami, 404
Tyrannoid perching birds, afterfeather type,
255
Ulna, Single Comb White Leghorn Chicken, 35
Ulnar region—
Bronze Turkey, 45, 46, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61, 62
Single Comb White Leghorn Chicken, 39, 42
White Pekin Duck, 54, 56, 58
Ulnare, Single Comb White Leghorn Chicken,
35
Umbilical barbs—
bristles, 271
primary remex, 239
terminology, 252
Umbilicus
inferior, 238, 236
contour feather, 237
superior, 236
afterfeather, 252
bristles, 271
contour feather, 237
filoplume, 274
rim, 239
superior level, 238
Uncinate process, Single Comb White Leghorn
Chicken, 35
Ungewitter (1951), 482, 490, 537, 581, 613, 652
Urohyal, 18
Urohyal bone, 15
Bronze Turkey, 12
Great Horned Owl, 33
Uropygial eminence—
Bronze Turkey, 45
Common Pigeon, 61
follicles, oil gland papilla, and circlet, 614,
615, 616, 617
Single Comb White Leghorn Chicken, 39
tail feathers, 302
White Pekin Duck, 54
Uropygial gland, microscopic structure, 613626
terminology, 613-614
Uropygial wick (Bürzeldocht), defined, 268
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Van de Meulen (1939), 344
Vanes—
defined, 235
dorsal cervical tract feathers, 280
dorsopelvic tract, 278
ear coverts, 262
inner and outer, friction barbules, 261
pennaceous barb, 239, 258
pennaceous portion, normal and open, 236
plumulaceous barb, (primary remex), 239
plumulaceous portion, 236
ramus of pennaceous barb, 243
ramus of plumulaceous barb, 243
rectrices, 256, 257, 258
rémiges, 256, 257, 258
secondary remex, barbule variation, 298
size, 240
structure—
contour feathers, 239
region of superior umbilicus, 239
microstructure, 252
rectrices, 239
rémiges, 239
texture, 252
types of barbules, 252
Van Gieson (1889), 650
Van Tyne and Berger (1959), 23, 65, 80, 88,
90, 255, 273
Vanule
angle, 311
distal and proximal, 241
Veins
blood vessels and nerves to the integument,
467-478
dorsocentral and midinfracaudal neurovascular triads, 478
femoral tract, 479
Vent orifice—
Bronze Turkey, 46, 49
Common Coturnix, 52
Common Pigeon, 61
Single Comb White Leghorn Chicken, 41, 42
White Pekin Duck, 56, 58
Ventral teeth, 248
Ventral tracts, 78, 79
Vertebra, number in species, 34
Vertex (crown), 10
Vevers (1964), 412
Vibrissae feathers, mentioned, 272
ViUi, remex, pennaceous barb tegmen, 258
Vilter (1934), 342, 349, 373; (1935), 342, 349,
373, 374
Vimtrup (1923), 500
Voitkevich (1966), 413, 414, 538
Völker (1934), 343, 400; (1939), 403; (1953),
343, 401; (1961a), 343, 403; (1961b), 343,
400,401; (1964), 418
Vomer, 13
White Pekin Duck, 22
Vomer bone, Bronze Turkey, 12
Vosburgh (1948), 599
Vultures—
auricular region, 263
feathers, notched, 257
nasal region variation, 23
ramus, ventral ridges, 259
Vulture, Griffon, barbules, 259
Vultures, New World—
afterfeather structure, 330
afterfeather type, 255

Vultures, Old Worldbristle location, 270
ramus, 258
ventral teeth, 249
Wagner and Müller (1963), 413
Walkinshaw (1949), 412
Wallace (1963), 363, 412, 418
Wallmo (1956), 231
Wang (1941), 365; (1943), 342, 364, 365;
(1948), 414
Warblers, body weight and feather number, 194
Warren (1942), 228; (1948), 602, 612; (1950),
\
601
Warren and Gordon (1935), 229, 230
Wasserman (1954), 504; (1956), 504
Waterproofing agent, powder down, 270
Waterproofing property of aquatic birds as
pertains to barbules, 248
Waterthrush, feather weight and count, 194
Watson (1962), 232; (1963a), 265, 363; (1963b),
197, 265, 363
Watterson (1942), 341, 343, 340, 393, 394;
(1959), 414
Wattles, 18—
blood vessel tracing techniques, 659
gross morphology and histology, 547-552
microscopic structure, 547-552, 548, 549,
550, 551
Single Comb White Leghorn Chicken, 8, 9
structure, 17, 18
subepithelial sinus, capillaries, 551
White-faced Black Spanish Chicken, 16
Wattle regions, Single Comb White Leghorn
Chicken, 41
Wattled Bird of Paradise, flight sound, 261
Waxwings—
bristle color, 272
bristle location, 270
Cedar, neck region, 38
remiges, rectrices, tips, 257
special feathers, 384
Webs—
cancellate skin surface, 67
foot, 64
foot of Pelican, 66
use as landmarks and boundaries, 62, 63
use of term, 63
Web, groin, Common Pigeon, 62
Web, interdigital—
Bronze Turkey, 45
Common Coturnix, 50, 53
Common Pigeon, 60, 62
microscopic structure, 612-613, 630, 631
Single Comb White Leghorn Chicken, 39,
42,69
White Pekin Duck, 54, 58, 70
structure, 71
Web, knee, Common Coturnix, 52, 53
Web (vane) (vexillum), 235
Webb (1914), 256
Weber (1961), 418

Weddell and Pallie (1954), 652, 653
Weigert (1904), 650
Weis and Bisbey (1947), 400
Weiske (1889), 195
Welty (1962), 418
Wessells (1965), 341, 347, 348
Westerskov (1957), 231
Westpfahl (1961), 469, 470, 471, 473, 474, 476
552, 638
Wetherbee (1957), 264
Wetmore (1920), 270; (1936), 193, 194, 196;
(1960), 88
Wexelson (1933), 602
Whip-poor-will, bristles, 272
White and Eastlick (1953), 394, 397, 398, 416
White-faced Bla^ck Spanish Chicken, head, 16
White Leghorn Chicken, measurement of
feather parts, 277
Whittow (1965), 497
Widerlagern
oder
Arretierungszahnchen
(German), defined, 247
Wiedersheim (1883), 344
Wight et al. (1970), 585
Wiicox (1952), 473, 477
Wild birdsblue integument, 406
feather weights and counts, 194
Wilder (1966), 380
Willier (1941), 412; (1948), 414; (1950), 414;
(1952), 412, 413, 414, 416
Wilîier and Rawles (1940), 343, 397, 412, 414;
(1944), 413
Wing—
abnormal filoplume, 316
alar tract feathers, 294, 300
chicken, feather and apterial muscles, 432436
function, 56, 57
margins, parts, regions, and surfaces, description based on chicken, 57
ptilosis, 166-171
remiges, friction barbules, 260
Single Comb White Leghorn Chicken,
development of plumages, 201, 202,
204, 205, 206
color chart, history, 210
turkey, feather and apterial muscles, 443-446
Wing and prolatal region boundary—
Bronze Turkey, 46
Single Comb White Leghorn Chicken, 41
Wing and trunk boundaries, Single Comb
White Leghorn Chicken, 47
Wing feather, primary remex 4, 297
Wing (1952), 194
Winkelmann (1960), 362
Winkelmann and Myers (1961), 361, 362
Wislocki (1940), 546
With (1967), 403
Witherby et al. (1940), 1; (1943), 264; (1944),
231, 232
Witschi (1936), 414; (1961), 343, 413, 414, 419
Witschi and Woods (1936), 398, 419
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Wodzicki (1927), 505, 513, 530; (1928), 486,
487, 488, 492, 493; (1929), 536, 537, 538^
543, 544, 545, 546, 552, 564, 565, 570, 572
Wood (1950), 370
Woodcocks, beak, 6
Woodcock, American—
brain-bill angle, 12
crown boundary, 11
neck boundary, caudal end, 38
rump, degree of slope, 44
Woodcreepers, rectrices, 257
Wood hewers, beak, 6
Wood-hoopoes, beak, 6
Woodpeckers—
afterfeathers type, 253
foot region, 64
heel pads, shedding, 197
lack of down feathers, 264
phalangeal formula, 67
pileated, foot, 66
rectrices, acrimínate tips, 257
scales of metatarsus, 67
type of toes, 65
Woodpeckers, Green, hyoid, 19
Woodswallows, powder down variation, 269
Workmann (1907), 330
World Association of Veterinary Anatomists,
selection of nomenclature, 2
Wray (1887), 145; (1887a), 57, 83, 84, 88, 89,
115, 117, 134, 171, 173; (1887b), 247
Wren, New Zealand, afterfeathers type, 253
Wristboundaries, chicken, 59
Bronze Turkey, 45, 46
Common Pigeon, 61, 62
Single Comb White Leghorn Chicken, 42
Wrist region
Bronze Turkey, 49
Common Coturnix, 50, 52, 53
Common Pigeon, 60, 61
Single Comb White Leghorn Chicken, 39,
41,42
White Pekin Duck, 54, 56, 58
Wyandotte Chicken, feather weight and count,
193
Wyckoff (1952), 504
Wydoski (1964), 419
Xanthophyll, in color formation, 400
X-ray techniques, 640
Yasuda (1961), 476, 477; (1964), 552
Zahnchen (German): little teeth (spines)
defined, 247
Zahnhügel (German) : tooth nodule, 248
Zaitschek (1908), 196
Zeaxanthin, in color formation, 400
Ziswiler (1962), 252, 253, 369, 375
Zweifach (1934), 500; (1937), 500; (1939), 500
Zweifel (1961), 637
Zygodactylus foot, evolutionary influence, 65
Zygomatic process, 12

