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ABSTRACT

Arceuthobium (dwarf mistletoes), a distinctive genus of the family Viscaceae, is
parasitic on conifers of the Pinaceae in the Old and New Worlds and on Cupres-
saceae in the Old World. Although conifer forests in many parts of the Northern
Hemlsphere are infected with dwarf mistletoes, those most seriously damaged are
in North America.

In this taxonomic revision, the 32 recognized taxa comprise 28 species, 5 sub-
species, and 2 formae speciales. Four taxa are known in the Old World; 28 in the
New. In North America, Arceuthobium ranges from central Canada and south-
eastern Alaska to Honduras and Hispaniola, but most species are found in western
United States and Mexico. Only A. pusillum, a parasite of Picea, occurs in eastern
North America.

Taxonomic characteristics presented for each of the 32 taxa include: morphol-
ogy and color of shoots, fruits, and flowers; pollen features; phenology of flowering
and seed dispersal; hosts and host reactions; chromosomal features; and chroma-
tography of shoot pigments.

The classification system is based on extensive field studies of all known New
World dwarf mistletoes in their natural state, examination of specimens at the
major herbaria in North America and Europe, and computer analyses of all tax-
onomic data collected.

The system, the first below-genus classification of Arceuthobium, divides the
genus into subgenera Arceuthobium and Vaginata. Subgenus Arceuthobium com-
prises all four Old World species (4. chinense, A. minutissimum, A. oxycedri, and
A. pini), and three New World species, but is not formally subdivided into sections.
Subgenus Vaginata, exclusively New World, contains three sections: Vaginata, 6
taxa; Campylopoda, 17 taxa; and Minuta, 2 taxa. Section Campylopoda contains
three series: Rubra, 3 taxa; Campylopoda, 13 taxa; and Stricta, 1 taxon. Identifi-
cation keys, artificial and natural, are provided.

The detailed botanical description of each dwarf mistletoe includes its distinctive
taxonomic features, hosts, a colored photograph, and a map of its geographic
distribution.

viii



Biology and Classification of Dwarf Mistletoes
(Arceuthobium)

by Frank G. Hawksworth' and Delbert Wiens?

INTRODUCTION

The dwarf mistletoes (Arceuthobium) are a highly
specialized and clearly defined genus of aerial dicot-
yledonous parasites that occur on Pinaceae or
Cupressaceae. These mistletoes are small, leafless,
glabrous, and are characterized by a number of
unusual features: explosive, bicolored fruits; ringlike
archesporium; chlorophyllous endosperm; germinat-
ing radicle that contains stomata; and stems that
have no central vascular cylinder or sieve tube
elements.

Arceuthobium has been classically included in the
subfamily Viscoideae of the Loranthaceae. Tieghem
(1895) considered Arceuthobium so distinet from
related genera that he proposed its classification
as a separate family placed between the Viscaceae
and the Santalaceae; his proposal has never been
followed. Dixit (1962) and Barlow (1964) suggest
that the subfamilies Loranthoideae and Viscoideae
warrant family status. The two families differ in
many features of floral morphology, floral anatomy
and embryology. Previously supposed similarities
between the two groups are apparently the result of
convergence rather than common phyletic origin.
We accept full family status for the two groups as
formally proposed by Barlow (1964) and retained by
Thorne (1968). This treatment places Arceuthobium
in the Viscaceae.

Engler and Krause (1935) classified Arceuthobium
as a monogeneric tribe in the Viscoideae. They
placed Dendrophthora, Phoradendron, and Korthal-
sella in the tribe Phoradendreae; with Korthalsella in
subtribe Korthalsellinae, and Dendrophthora and
Phoradendron in subtribe Phoradendrinae. Regardless
of its relationship to other Viscaceae, Arceuthobium

1 Principal Plant Pathologist, Rocky Mountain Forest and
Range Experiment Station, Forest Service, U.S. Department
of Agriculture, with central headquarters maintained at Fort
Collins in cooperation with Colorado State University.

2 Associate Professor of Biology, Department of Biology,
University of Utah, Salt Lake City.

has clearly defined limits, and its generic status has
never been questioned. No formal subgeneric treat-
ment of Arceuthobium has been published, although
Kuijt (1970) suggests that the genus is separable into
two natural groups on the basis of branching habit.

Arceuthobium is the only genus of the Viscaceae or
Loranthaceae that is clearly represented in both the
Old and New Worlds. Of four Old World species
discussed here, three have been described previously
—A. chinense in southwestern China, A. minutis-
stimum in the Himalayas, and A. oxycedri, which
ranges from the Azores to the Himalayas and south
to Kenya; the fourth species is recorded in this
paper—A. pini of southwestern China and Tibet.
In the New World, 24 species (28 taxa) are dis-
tributed from central Canada and southeastern
Alaska to Honduras and Hispaniola.

The greatest species diversity is in northwestern
Mexico and the western United States, where 24 of
the 28 New World taxa occur. The four New World
species outside this area are A. bicarinatum of
Hispaniola in the Caribbean, A. hondurense and
A. guatemalense in Central America, and A. pusillum
in southeastern Canada, the Lake States, and the
northeastern United States. Fourteen taxa occur
in Mexico, six of which are found in the western
United States. Of the 17 dwarf mistletoes found in
the United States, 5 are also common to Canada.
One species, A. douglasii, ranges from southern
British Columbia to southern Durango Mexico.

Objectives and Scope

With the increasing recognition of Arceuthobium as
destructive parasites on commercially important
forest trees, and the expanding interest in the biology
of the genus, the need for additional systematic work
on the group became apparent. For example, con-
trol of dwarf mistletoes in some areas is hampered by
inadequate knowledge of the identity of the parasite
involved.



Our initial concern in these studies was to clarify
the confusion surrounding the A. campylopodum
complex (see Hitchcock and Cronquist 1964), which
centered primarily around Gill's (1935) designation
of host forms in this group. When we discovered,
however, the relatively rich dwarf mistletoe flora in
Mexico (Hawksworth and Wiens 1965; Hawksworth,
Lightle, and Scharpf 1968), we expanded our
investigations to include comprehensive treatment
of the entire genus.

We have studied all known North American taxa,
plus the Himalayan species, A. minutissimum, in
their natural state. Since 1962 our field studies of
Arceuthobium have taken us by foot, hoof, wheel, and
wing over 100,000 miles throughout western North
America, Mexico, Central America, the Caribbean,
and the Himalayas. Over 1,500 dwarf mistletoe
specimens that we collected in our field work, plus
many early U.S. Department of Agriculture collec-
tions by J. R. Weir, G. G. Hedgcock, J. S. Boyece,
and L. 8. Gill, are filed in the U.S. Forest Service
Mistletoe Herbarium at Fort Collins, Colorado.
Duplicates of our collections are deposited in many
North American herbaria, particularly the Univer-
sity of Colorado, Missouri Botanical Garden, U.S.
National Museum, University of Utah, and the
Instituto de Biologfa, Mexico City. In addition to
our own collections, we have studied dwarf mistletoes
at the major herbaria in North America and Europe
(see appendix, p. 186).

Our objectives in this study have been to develop
a useful, yet natural, system of classification for
Arceuthobium. Although the New World species
have been emphasized, the literature on the Old
World taxa has been reviewed, and results of our
field studies on one Old World species, 4. minutis-
simum, are included.

This handbook is divided in 10 main sections:
(1) general life cycles, (2) biogeography, (3) host
relationships, (4) mechanisms and trends in evolu-
tion, (5) systematies of the genus, (6) classificatory
criteria, (7) numerical analyses, (8) formal taxo-
nomic treatment, (9) major conclusions, and (10)
suggestions for further research. The appendix
contains the list of specimens that are cited for each
taxon in the taxonomic section, a glossary of some
of the less familiar terms used in the paper, and a
list of the trees mentioned in the text.

Taxonomic History

The first dwarf mistletoe described, Arceuthobium
oxycedri, was originally included in Viscum, but was
later segregated by Hoffman (1808) under the name
Razoumofskya. The name Arceuthobium, proposed
by Marschall von Bieberstein (1819), was generally
used until the early 1900’s. The Vienna Botanical
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Congress in 1905 conserved Arceuthobium over
Razoumofskya, but because the American Code
emphasized strict priority, most botanists in the
United States continued to use Razoumofskya.
Arceuthobium finally displaced Razoumofskya as a
result of the 1930 Cambridge Botanical Congress
and Gill’s publication (1935).

Humboldt and Bonpland’s collection of a dwarf
mistletoe on Cofre de Perote, Veracruz, Mexico, in
1804 was apparently the first in the New World. This
specimen was the type of Arceuthobium (as Viscum)
vaginatum that Willdenow described in 1806. David
Douglas, who explored the Pacific Northwest from
1823 to 1827, discovered two dwarf mistletoes in
1826. Although his journals were not published
until 1914, the plants he discussed seem certain to
be A. campylopodum (on Pinus ponderosa)?® and A.
americanum (on Pinus contorta). Hooker (1840), who
first discussed the taxonomy of Arceuthobium in
North America (north of Mexico), compared
Douglas’ specimens and another by Drummond
(A. americanum) with the European A. oxycedri,
but detected no specific differences except some in-
consistent color variations. Engelmann was the
first to publish (Gray 1850) a formal deseription of a
dwarf mistletoe found in the United States, A.
americanum. As the taxonomic architect of the genus
in North America, Engelmann named most of the
American species of Arceuthobium during the latter
half of the 19th century (Gray 1850, Watson 1880).

Between 1910 and 1920, George G. Hedgcock and
James R. Weir of the United States Department of
Agriculture each initiated studies to clarify the
taxonomy of Arceuthobium in the United States.
Although both scientists published several articles
on dwarf mistletoes, their main taxonomic works
were left unpublished, and are on file with the U.S.
Forest Service at Fort Collins, Colorado, and at
Moscow, Idaho.

Hedgcock completed a series of manuscripts in
1914 on the taxonomy of the dwarf mistletoes,
but for unknown reasons this work was never
published. This is unfortunate because Hedgeock
had a keen understanding of the genus. For example,
he first recognized that the dwarf mistletoe (our A.
californicum) on Pinus lambertiana was distinet
from A. cyanocarpum, and that A. campylopodum
was distinet from A. occidentale. Hedgeock (1915)
published a host list of the United States dwarf
mistletoes and later (Hedgcock and Hunt 1917)
reported on some new hosts of A. campylopodum and
A. occidentale based on artificial inoculations.

The only one of Weir’s published papers that

# A list of scientific names, authorities, and available
common names of the trees mentioned is given in the appendix,
p. 184.



includes major taxonomic implications is a report
of a series of studies in which he artificially inoculated
several species of Northwestern dwarf mistletoes on
various hosts under field and greenhouse conditions
(Weir 1918a). A taxonomic treatise on Amreican
dwarf mistletoes that he began to write was never
completed. Weir did, however, publish observations
of hosts associated with several Northwestern dwarf
mistletoes.*

Nelson described two new dwarf mistletoes (Coulter
and Nelson 1909, Nelson 1913), and Tubeuf (1919)
published a review of the genus. Tubeuf’s work
was based mainly on the literature, his extensive
knowledge of the European Arceuthobium oxycedri,
and results of a brief trip to the western United
States in 1913. His paper was a good summary of the
available literature, but it did little to clarify the
taxonomic relationships of the genus.

Following Nelson’s and Tubeuf’s work, taxonomic
understanding of the genus did not advance signifi-
cantly until Gill's (1935) revision of the United
States species. Gill reevaluated Engelmann’s works,
discovered flowering periods as an important taxo-
nomic character, and reduced the rank of several
closely related species to host forms of A. campy-
lopodum. Although Gill’s paper clearly established

GENERALIZED

Because we interpret discontinuities between life
cycles as the basis for taxonomic distinction, we
place considerable emphasis on life cycles in this
paper (see p. 40).

Shoots, flowers, and fruits of Arceuthobium are
illustrated in figures 1-3. Some important aspects of
the life cycle of one species (A. americanum) are
shown in figure 4. Taxa whose life cycles have
been studied in some detail are: A. abietinum
(Scharpf and Parmeter 1967), A. americanum
(Hawksworth 1965b), A. wvaginatum subsp. crypt-
opodum (Hawksworth 1961a, 1965b), A. campy-
lopodum (Roth 1959, Wagener 1962), A. douglasii
(Wicker 1965, 1967a), A. laricis (Smith 1966a;
Wicker 1965, 1967a), A. tsugense (Smith 1966a)
and A. oxycedri (Heinricher 1915a, 1915b, 1924).

Although the dwarf mistletoes are typically
aerial parasites on branches or main stems of
coniferous trees, there are a few reports of their occur-
rence on roots. Scharpf (in Kuijt 1969) noted
parasitism of roots of Pinus sabiniana by Arceu-
thobium occidentale in California; also root parasitism

« Weir 1915a, 1915b, 1916¢, 1917, 1918b.
5 Kuijt 1955, 1960a, 1960b, 1963, 1964.

a taxonomic framework for the genus, he considered
his work to be provisionary ‘“pending a complete
revision of the genus based on further field and
experimental evidence.”

Kuijt® rejected Gill's treatment of A. campy-
lopodum and A. vaginatum as being composed of host
forms. He adopted an even more conservative
philosophy than Gill for A. campylopodum and A.
vaginatum, in which he preferred to consider each
taxon as only a single variable species. In his earliest
work, Kuijt (1955) even questioned the distinctness
of A. vaginatum from A. campylopodum, and stated
that they were separated “only by a two- or- three
months difference in flowering time, no consistent
morphological differences having been discovered.”
Furthermore he suggested, as did Gill (1935), that
A. campylopodum should include A. bicarinatum
from Hispaniola.

Hawksworth and Graham (1963) discussed the
difficulties of applying Gill’s host-form concept to the
dwarf mistletoes that parasitize western spruces.
They also reported that Gill's forms in the A.
campylopodum complex can be distinguished morpho-
logically. We (Hawksworth and Wiens 1964, 1965,
1970a, 1970b) have reported additional taxonomic
studies of the genus.

LIFE CYCLE

has been found on pines infected by A. globosum
near Mexico City,® and on Volcan Tajumalco,
Guatemala (Steyermark specimen 36940 at the
University of Michigan). These are certainly
abnormal situations, however, and are presumably
due to vegetative spread into roots from infections on
the main stem near the groundline. Thus, the rare
root parasitism by Arceuthobium is not comparable
to that in the typical terrestrial members of the
Loranthaceae (Gaiadendron, Nuytsia) where initial
infection takes place through the roots.

Our discussion of dwarf mistletoe life cycles
begins with seeds. The normal Arceuthobium fruit
contains a single seed with one embryo, but rarely
fruits may contain two seeds or seeds with two
embryos (Hawksworth 1961b). Seed dispersal takes
place from midsummer to late fall depending on the
taxon involved. Seeds are explosively expelled from
the fruits at initial velocities of about 90 feet per
second for distances up to 50 feet, although the
average distance is considerably less (Hinds, Hawks-
worth, and McGinnies 1963; Hinds and Hawksworth
1965; Hawksworth 1961a). Birds may be involved in

6 Personal communication, Rudolfo Salinas Q., Instituto
Nacional de Investigaciones Forestales, Mexico D. F., 1966.
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Figure 1.—Shoots of dwarf mistletoe: 4, Young shoot showing the decussate arrangement of the internodes; B,
Older shoot showing elongated internodes and typical decussate branching; C, Typical flabellate branching pattern
with cross section through dashed area; D, Typical verticillate or whorled type of branching with cross section
through the dashed area. All taxa show the type of primary branching (B), but in most instances a secondary
type of branching also develops which may be either flabellate (C) or verticillate (D).

long-distance dispersal (see p. 9). The seeds are
viscous coated, and readily adhere to objects they
strike. Needles of coniferous trees are particularly
effective in intercepting the seeds in flight (Roth
1959, Hawksworth 1965b). Seeds that have been
intercepted usually remain on the needles until
the first rain lubricates the viscous coating, and
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causes the seeds to slide down the needles. Al-
though many fall from the needles to the ground,
some seeds become attached to the twigs by their
viscous coating.

Growth of dwarf mistletoe radicles is limited, so
only those seeds that germinate on or very near the
twigs can cause infection. The time of germination



is poorly known for most taxa, but most species
investigated germinate in late winter or spring. The
known exceptions are A. vaginatum subsp. crypt-
opodum and A. guatemalense which germinate in the
fall immediately after seed dispersal. Seeds of the
other Mexican and Central American species
probably also germinate soon after dispersal. The
germinating radicle forms a holdfast when it con-
tacts an obstruction on the host branch, such as the
base of a ncedle (Bonga 1969b). The holdfast
develops a penetrating wedge of tissue into the host
(Scharpf and Parmeter 1967), and thus initiates the
infeetion process.

For most host-parasite combinations that have
been investigated infection can take place only
through the most recent tissues, usually segments?
less than 5 years old. An cxception is A. americanum,
which can become established on segments at

?We refer to the single year’s growth length of a conifer
branch or stem, sometimes incorrectly called an “internode,”
as a segment. The area of branchlet emergence or bud scales,
sometimes incorrcetly called a “node,” is termed a girdle
(see Thoday and Johnson 1930, Kuijt 1960b).

Figure 2. Flowers and fruits of Arceuthobium: 4 and
B, Staminate shoots; C and D, Pistillate shoots.
A, Terminal part of staminate shoot showing flowers
prior to opening; B, Terminal part of staminate shoot
showing open 3- and 4-merous flowers; C, Terminal
portion of pistillate shoot showing flowers shortly
after pollination; D, Terminal portion of pistillate
shoot showing two crops of fruit, the terminal inter-
nodes with nearly mature fruits, and the lower inter-
nodes with fruit 1 year younger than the terminal
fruit.
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Figure 3.—Mature fruit and seed dispersal in Arceuthobium: A, Diagrammatic cross-section of mature fruit
and seed (left) and fruit just discharging its seed (right); B, Photograph of seed in flight immediately after
discharge from fruit (lower right). Photograph taken at 5 millionths of a second (Hinds, Hawksworth, and

MeGinnies 1963).
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Figure 4.—Generalized life cycle of a dwarf mistletoe as exemplified by Arceuthobium americanum on lodgepole

pine.

least 60 years old (Hawksworth 1954). Once the
penetrating wedge has entered the cortex, an en-
dophytic (or rootlike) system ramifies throughout
the bark. Some parts of the endophytic system
(the ‘‘sinkers”) become embedded in successive
layers of xylem.® Once infection is established, an
incubation period of usually 2 to 5 years elapses
before aerial shoot formation begins. A swelling at the
point of infection often precedes shoot production

8 The endophytic systems of various species of Arceuthobium
have been intensively studied by Heinricher 1924; Heil 1923;
Thoday and Johnson 1930; Cohen 1954, 1963; Kuijt 1960b;
Srivastava and Esau 1961.
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by a year or more, but this varies with the mistletoe,
the host, and other factors. Usually 1 to 2 years pass
after initial shoot appearance before flowering
begins.

Meiosis may immediately precede flower pro-
duction or it may occur approximately 5 to 8 months
previously (Wiens 1968). Flowering may oceur
as early as February and March (4. globosum) or as
late as November and December (4. occidentale).
For a given taxon and locality, flowering usually
lasts 4 to 6 weeks, but most pollen is dispersed
within a 2- to 3-week period (Hawksworth, un-
published data).



The dwarf mistletoes have features characteristic
of insect-rather than wind-pollinated plants (White-
head 1969): they bear a relatively limited amount
of spined pollen that is shed in clusters, produce
nectar, and emit odors from both staminate and
pistillate flowers. Experimental work on dwarf
mistletoe pollination is in progress (Gregor and
Wiens, unpublished data). Thrips seem to be in-
volved in the pollination of A. vaginatum subsp.
cryptopodum (Hawksworth 1961a), but different
types of insects are apparently more important in
other species (Stevens and Hawksworth 1970).
Some wind pollination may be effected, at least at
very close distances. The staminate flowers and the
terminal parts of the shoots are usually shed a few
weeks after anthesis. In species such as A. verticil-
liflorum, the entire flowering spikes are deciduous
after anthesis. In species other than A. pusillum,
individual shoots may produce crops of flowers over
several successive years.

The time required for fruits to mature varies
considerably; it is only about 5 months for A.
pusillum, a year or more in other taxa, and as long as
18 to 19 months in A. gillii subsp. gillei. The mini-
mum time from infection to initial seed production
averages 6 years in A. americanum and 7 to 8 years
in A. vaginatum subsp. cryptopodum. There have
been reports (Peirce 1905, Korstian and Long 1922)
that the shoots die after the fruits mature, but this

is certainly not the normal situation. We have
observed individual shoots of A. americanum and
A. vaginatum subsp. cryptopodum that have produced
successive crops of fruits for 5 years and are still
living. Also, Kuijt (1970) reports that several taxa
have relatively long-lived shoots. With seed pro-
duction, our discussion of the life cycle is completed.

All dwarf mistletoes are dioecious; the pistillate
and staminate plants occur in approximately equal
numbers in the taxa that have been investigated:
A. vaginatum subsp. cryptopodum (Hawksworth
1961), A. campylopodum (Wicker 1967b), and 4.
americanum (Hawksworth, unpublished data).

Several biotic and abiotic factors affect the shoots,
fruits, and seeds of the dwarf mistletoes. A number
of fungi attack these plants and, although they are
damaging and abundant in some areas in certain
years, they seem to exert relatively little biological
control (Wicker and Shaw 1968, Wilson 1969).
Little information is available on the effects of the
many insects associated with the dwarf mistletoes
(Gill and Hawksworth 1961, Stevens and Hawks-
worth 1970). Squirrels, porcupines, birds, and other
animals eat dwarf mistletoe shoots, but their effects
seem to be rather minor. Various climatic factors
such as temperature extremes and winter drying
affect dwarf mistletoe shoots, but no data on the
importance of these factors on populations are
available.

BIOGEOGRAPHY

Paleobotany

The fossil record of Arceuthobium is meager. The
oldest known fossil pollen is from the middle Eocene®
in East Germany. Identified as Spinulaepollis
arceuthobiodes (Krutzsch 1962), it was found at more
than 60 East Germany stations. Most grains were in
upper Eocene to Miocene strata, with extremes from
middle Eocene to the Pliocene. Stuchlik (1964),
working in Polish Miocene deposits, considered the

9 The Cenozoic era, or approximately the last 65 million
years of geologic history, is divided by the U.S. Geological
Survey as follows: (data provided by Dr. Estella B. Leopold,
1970).

Period Series or epoch Years before present
Quaternary Holocene 10,000
Pleistocene 3 million
Pliocene 3-12 million
Miocene 12-26 million
Tertiary Oligocene 26-38 million
| Eocéne 38-53 million
| Paleocene 53-65 million

pollen similar to, if not identical with, the living
Arceuthobium oxycedri. He also found a rarer, larger
type of pollen described as a new subspecies: Spin-
ulaepollis arceuthobioides subsp. magjor.

The fossil subspecies had pollen grains 24 to 30u
in diameter compared with 20 to 244 for the species.
Possibly swelling due to fossilization or to laboratory
preparation procedures could have affected pollen
size. The A. oxycedri pollen that we have examined
has a diameter of 18 to 20u. From our pollen studies a
range from 20 to 30u is unusual within a taxon;
therefore the larger grained type may represent an
extinet species. The northern limits of A. oxycedri
are now about 500 miles south of the East German
and Polish fossil pollen sites.

The fossil genus Patzea (Caspary 1872), which was
considered by Engler and Krause (1935) to be
synonymous with Arceuthobium, was described from
Oligocene amber formations on the Baltic Coast.
However, judging by the drawings of Patzea pub-
lished by Conwentz (1886), we believe that Patzea
is not congeneric with Arceuthobium.



Leopold!® noted two Miocene Arceuthobium pollen
records from North America: (1) early or middle
Miocene pollen from the north flank of the Alaska
range, associated with Pinus and Picea pollen
(Wahrhaftig, Wolfe, Leopold, and others 1969), and
(2) pollen in the middle Miocene Troublesome
formation in north-central Colorado; with associated
coniferous pollen, predominantly Picea and Pinus,
and some Abies (Weber 1965).

Leopold!® also found Arceuthobium pollen in sedi-
ment dated from 5,000 to 10,000 years before present
(B.P.) in cores from near the center of Searles Lake
in the Mojave Desert in California. The species of
Arceuthobium has not been determined, but it is
probably A. dwaricatum which occurs today in the
same area on Pinus monophylia.

Adam (1967) reported the occurrence of Arceu-
thobium pollen over the last 10,000 years at four sites
in the central Sierra Nevada of California. He noted
irregular distribution of Arceuthobium pollen during
this period and found that the peaks occurred when
pines were declining. Arceuthobium was perhaps
more abundant during drier periods because dwarf
mistletoe, at least on Pinus ponderosa, now seems to
be more abundant in the drier regions of California.
Data published by Janssen (1968) show a similar
trend for A. pusillum on spruce in Minnesota; that is,
peaks in Arceuthobium pollen occurred when spruce
was declining.

Baker (1969) found Arceuthobium pollen in
sediments near Lake Yellowstone, Wyoming, that
dated to about 11,000 years B.P. The species was
presumed to be A. americanum because this is the
only species now common in the region and the pollen
grains were associated with fossilized needles of
Pinus contorta, the principal host of this dwarf
mistletoe.

Pleistocene Arceuthobium pollen (presumably A.
pusillum), has been found in the southeastern
United States about 300 miles south of the present
southern limits of A. pusillum. Fossil pollen (radio-
carbon dated at 38,000 years B.P.) has been found in
North Carolina and South Carolina (Whitehead
1963, 1964; Whitehead and Barghoorn 1962; White-
head and Doyle 1969) and in northwestern Georgia
(radiocarbon dated at about 15,000 to 23,000 years
B.P.) (Watts 1970). Whitehead and Barghoorn
(1962) consider the possibility that the Arceuthobium
pollen represents a species from the western United
States or an extinct species. However, since the
dwarf mistletoe pollen is associated with spruce
pollen and needles, and A. pusillum is the only
eastern species, it seems almost certain to be this
taxon. Also, A. pusillum is the only species now

1 Personal communication, Dr. Estella B. Leopold, U.S.
Geological Survey, 1969.
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oceurring within about 1,200 miles of the fossil sites.

Fossil pollen of Arceuthobium pusillum has also
been found within the present range of the species
in Minnesota. McAndrews (1966) reported it at
Lake Itasca, Clearwater County (radiocarbon dated
at about 5,000 B.P.) and Janssen (1968) found it at
Myrtle Lake, Koochiching County (radiocarbon age
from present to 9,000 years B.P.).

The only reported macrofossils of Arceuthobium
are those from Pleistocene formations of Coastal
California (Chaney and Mason 1930, 1933; Mason
1934). Axelrod (1966) dated the sites as late Pleis-
tocene, and obtained radiocarbon dates of 30,000
to 40,000 years B.P. These fossils, found at Carpen-
teria and Santa Cruz Island in Santa Barbara
County, and at Tomales Bay, Marin County,
were abundant at the latter two localities. The
dwarf mistletoe was associated with Pinus radiata
and P. muricata, and was reported to be indistin-
guishable from modern A. occidentale (as “A.
campylopodum’’), which presently parasitizes these
pines. This mistletoe does not now occur at the
fossil sites in Santa Barbara County, although P.
muricata is still present on Santa Cruz Island. The
closest modern mistletoe population on these
pines is about 100 miles north near Cambria on
P. radiata. In Marin County, A. occidentale is
still present on P. muricata on Inverness Ridge
adjacent to Tomales Bay. Chaney and Mason (1933)
note that the fossil plant had primarily 4-merous
staminate flowers. This character is quite variable,
however, and the 4-merous condition is predominant
in many modern A. occidentale populations.

Paleogeography

The occurrence of Arceuthobium pusillum on
eastern spruces is perplexing, because dwarf mistle-
toes have not colonized the eastern and southern
pines. Arceuthobium pusillum may have evolved
somewhere outside the present range of the parasite,
perhaps in northwestern North America. According
to Mirov (1967), the pines in eastern and western
North America have been essentially isolated since
the Pliocene; hence, the dwarf mistletoes may not
have had an opportunity to colonize the eastern
pines.

Presumably the Pleistocene glaciations eliminated
A. pusillum from the northern and western parts of
the range of spruce. The dwarf mistletoe was pushed
southward into spruce refugia in the Appalachians
(as witnessed by Pleistocene Arceuthobium pollen
in the Carolinas), and possibly on the Gaspé Penin-
sula in Ontario. Since the glacial period, 4. pusillum
has again moved northward, but its spread has been
slower than that of its hosts. Both Picea mariana
and P. glauca now occur as far northwestward as



Alaska, but A. pusillum just enters eastern Sas-
katchewan. Possibly the mistletoe is still migrating
northward and westward in Canada.

Picea apparently arrived in North America intwo
or more migration waves (Gordon 1968, Wright
1955). The available information on dwarf mistletoe
parasitism of Picea tends to confirm this. The species
that arrived in the Cretaceous or earlier (relatives of
Picea breweriana, P. chihuahuana, and possibly P.
sitchensis) do not have principal dwarf mistletoes
associated with them. However, spruces that
evolved later (early Tertiary?) such as forms related
to P. pungens, P. engelmannii, P. mariana, and P.
glauca, are now severely parasitized. These data
indicate that Arceuthobium may have arrived in the
New World in the early Tertiary.

Three species of Arceuthobium (A. americanum,
A. pusillum, and A. tsugense) now have far northern
distributions. Their northward migration since the
last Wisconsin glaciation is difficult to explain.
Current migration rates of dwarf mistletoes through
host stands are reported to average only about 1 to
2 feet per year (Hawksworth 1958, 1961a). If, during
Wisconsin glaciation, the parasites were pushed to
the presumed northern forest limits as mapped by
Dillon (1956), it indicates that all three dwarf mistle-
toes have migrated 1,000 miles or more in the last
10,000 to 12,000 years. This equals a rate of spread
(on the order of 0.1 mile per year) many times greater
than that recorded in present stands, and suggests
different means of dispersal. Spread data in present
stands are based only on spread due to the explosive
fruits, and do not account for possible long distance
vectors such as birds. Perhaps birds were primarily
responsible for this northward migration, but the
explosive mechanism enabled the plants to intensify
locally once they became established in new areas.
No definitive studies have been made on the im-
portance of birds as dispersal agents of the dwarf
mistletoes,! but these characteristics should be kept
in mind: (1) dwarf mistletoes are dioecious, so at
least two seeds must germinate, cause infection,
flower, and fruit before a new population can be
established, and (2) these plants mature their seeds
in the fall, so bird migration patterns would pre-
sumably tend to disseminate seeds southward.

The occurrence of A. bicarinatum on the Island of
Hispaniola in the Caribbean is of unusual biogeo-
graphic interest. This species occurs only on the
relatively high-altitude species, Pinus occidentalus.
Probably this parasite reached this area during
Miocene time when land connections may have
existed between islands of the Caribbean and
Central America (Mirov 1967). The recent discovery

u Gill 1935; Hawksworth 1961a, 1967; Kuijt 1955; Zavarin,
Critchfield and Snajberk 1969.

of A. hondurense in the uplands of Honduras is
possibly of paleogeographic significance in this
regard. Arceuthobium bicarinatum and A. hondurense,
which are now separated by about 1,000 miles, may
represent remnants of what was once a common
stock in Miocene time.

The lack of dwarf mistletoe on the low-elevation
Caribbean pines is difficult to explain because these
trees were undoubtedly exposed to infection during
the migration of A. bicarinatum to Hispaniola.
Pinus caribaea is a host of A. globosum in the uplands
of British Honduras but the dwarf mistletoe ap-
parently does not occur on the more extensive low-
elevation stands of this species elsewhere in the
Caribbean. Perhaps the Arceuthobium type of seed
dispersal is not adaptable to low, moist, tropical
climates, although A. tsugense is abundant in the
cool, very wet climate of the northwestern coast of
North America.

Extant Distribution

Ranges of the Genus and Species

In the Old World Arceuthobium is represented by
four known species: A. oxycedri on Juniperus, A.
minutisssmum on Pinus griffithii, A. chinense on
Abies and Keteleeria, and A. pini on P. tabulaeformis.

Arceuthobium oxycedri, the only member of the
genus exclusively parasitic on Cupressaceae, ranges
from the Himalayas, throughout the Mediterranean
region, to the Azores, and south to Kenya. This
extreme range is perhaps explained because its
main distribution is east-west and in regions rela-
tively unaffected by Pleistocene glaciation.

Arceuthobium minutissimum is a markedly reduced
species that is known only on Pinus griffithi in the
western Himalayas. In size, systemic habit, and high
specificity it resembles A. pusillum and A. douglasi
of the New World. However, the similarity is
probably due to convergence rather than close
phyletic relationship.

The dwarf mistletoe known as A. chinense consists
of two taxa: A. chinense sensu stricto on Abies and
Keteleeria and the newly described A. pint on Pinus
tabulaeformis (Hawksworth and Wiens 1970b).
Arceuthobium chinense has some verticillate branch-
ing (Kuijt 1970). Although the branching type has
not been determined for A. pini, specimens we have
seen showed no secondary branching. Both species
are poorly known, but they deserve intensive study
because they occur near the presumed area of origin
of the genus.

In the New World, Arceuthobium is widely dis-
tributed and is represented by 28 taxa. The known
range of Arceuthobium in North America (fig. 5) indi-

9



107 - 80] i t0) /0]

=y
o
[

Se

[} 200 400 600 8?0 10‘00
T Scale of Miles

i) ) — (g — g 30

Figure 5.—Distribution of Arceuthobium in North America. The number of taxa in various areas is indi-
cated. Two areas of highest concentration of taxa are in Durango, Mexico, and in the vicinity of Mount
Shasta in northern California. Qutline map copyrighted by Denoyer-Geppert Co., Chicago (used by
permission).



cates that the genus is concentrated mainly in
Mexico and the western United States. Also indicated
in figure 5 is the number of taxa within various parts
of the range of the genus. For example, although
five taxa occur in Colorado, no more than three
are found within a local area. Two North American
regions have high numbers of taxa. In western
Durango, Mexico, nine taxa are found: A. blumeri, A.
douglasii, A. gillii subsp. nigrum, A. globosum, A.
vaginatum subsp. vaginatum and durangense, A.
verticilliflorum, A. rubrum and A. strictum; the latter
four are endemic to this region. The second area
where Arceuthobium is highly concentrated is in
northern California where these nine taxa occur:
A. abietinum (both formae speciales), A. cyano-
carpum, A. californicum, A. douglasii, A. ameri-
canum, A. campylopodum, A. occidentale, and A.
tsugense.

Of the 17 taxa in the United States, all but one are
western, and six are endemic to the western United
States (table 1); 10 are found in California, 9 in
Arizona, and 8 in Oregon. The only eastern species,
A. pusilum, is found in Maine, Vermont, New
Hampshire, Massachusetts, Rhode Island, Connecti-
cut, New York, New Jersey, Pennsylvania, Michi-
gan, Wisconsin, and Minnesota.

Five of the species found in the United States also
occur in Canada:

A. americanum—Ontario, Manitoba, Saskatch-
ewan, Alberta, British Columbia

A. douglasii—British Columbia

A. laricis—British Columbia

A. pusillum—Newfoundland, Prince Edward Is-
land, Nova Scotia, New Brunswick, Quebec,
Ontario, Manitoba, Saskatchewan

A. tsugense—British Columbia.

Of the 15 taxa found in Mexico (table 2), 7 range
into the western United States. Dwarf mistletoes are
reported from 20 of the 32 States or territories in
Mexico, but information is lacking on the distribu-
tion of many Mexican taxa. Two species are found in
Guatemala, and one each in Honduras, British
Honduras, and Hispaniola.

Extension of Dwarf Mistletoe Ranges

No intercontinental transfer of dwarf mistletoes,
such as the accidental introduction of the European
Viscum album into California (Howell 1966), has
been reported. Occasionally, dwarf mistletoes have
become established outside their natural ranges,
when infected trees have been transplanted. Most
such introductions have been for relatively short
distances, but some from 100 to 300 miles have

TaBLE 1.—Distribution of Arceuthobium in the western United States

Taxon

Washington

Nevada
Idaho
Montana
Colorado
New Mexico
Texas

. abietinum f. sp. concoloris___
. abietinum f. sp. magnificae
. AMEricanum . ... .-

Mdbe | California

P
M4 | Oregon

. cyanocarpum
. dwarieatum _ - - _ oo ___
.douglasie_ - _________________________

ettt e e e e e e

Llsugemse___ - __________________ X X X X

.gilliisubsp. gillvi- oo
. microcarpum_________________-_____________-________—____..-_
.occidentale_ - o __ ... X

. vaginatum subsp. cryptopodum __ - ___ oo __

Number of taxa____________________ 1 6 8 10

Note: Data marked by leaders (-.) not known in State.
1 Reported in State but locality unknown.
2 Probably occurs within State.
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TaBLE 2.—Known distribution of Arceuthobium in Mexico (dwarf mistletoe records are available for only 20 of
the 32 States)
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. . . . . . . . . . . . > P .
< < ~ < ~ ~ = ~ < < = =& <5 =S =
Baja California N._ ______________________ X X .
Chiapis_ - _ ... X ..
Chihwahua________________________ X . X . X . X.o X ...
Coahuila____________________ X .. X . X D,
D.F. X . X ... N o l____.
Durango__________________________ X X . X X X X X . X X
Hidalgo_______________ X . N .. N ..
Jaliseco_ _______________ X .. X . X ..
Mexico_ . _____________ X . X . X ..
Michoacdn_______________ o ________ X .
Nayarit_ ... e X ..
Nuevo Leon___________ X X . X ... X ...
Oaxaca_ - - - - _____ X N . X ...
Puebla_ X o ___
Sinaloa_ - . X X . X . X
SONOra._ - X ..
Tamaulipas_ - - - X .
Tlaxeala. _ X ...
Veracruz_ - ____ X X . X ...
Zacatecas_ _ -l X ...

Note: Data marked by leaders (__) not known in State.

been reported. Examples of such transfer include
Arceuthobium occidentale on Pinus radiata at Stan-
ford University and North Berkeley, California
(Peirce 1905, Offord 1946b), and our observations of
A. dwaricatum on P. edulis in Albuquerque, New
Mexico; A. vaginatum subsp. cryptopodum on P.
ponderosa in Denver, Colorado; and A. microcarpum
on Picea pungens in Alpine, Arizona. Thomas (1954)
found A. pusillum in planted windbreak and orna-
mental Picea glauca in an area in southern Manitoba
where the closest natural infection is about 6 miles
away.”? In all these instances, the dwarf mistletoes
matured fruit in the new areas, and in most cases had
spread to nearby planted trees of the same species.

Boyce (1961) emphasized that dwarf mistletoes
should be eradicated from the vicinity of conifer
nurseries to eliminate the possibility of introducing
these parasites into new areas on planting stock.
Because the holding period is longer, the danger
seems greater in nurseries where trees are grown as
ornamentals than in those for forest plantings. Weir
(1916b) found a dwarf mistletoe-infected Pinus

2 Personal communication, J. G. Laut, Canada Dep.
Fisheries and Forestry, 1969.
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ponderosa in a denuded planting site near Wallace,
Idaho, and assumed that the tree was infected at the
nursery near Boulder, Montana. The only dwarf
mistletoe that occurs in this area of Montana is the
lodgepole pine dwarf mistletoe, A. americanum,
which sometimes occurs on Pinus ponderosa. The
longest range extension reported to date!® is a small
dwarf mistletoe-infected Picea pungens found in a
nursery near Riverside, California. The parasite,
not yet definitely identified, appears to be Arceu-
thobium tsugense. The tree was presumably infected
in a nursery near Portland, Oregon.

Relation of Parasite to Host Distribution

The distribution of a dwarf mistletoe is generally
centered within the range of its principal host or
hosts. Probably climatic history is primarily in-
volved in the four exceptions to this “central
distribution” rule:

ARCEUTHOBIUM PUSILLUM on PICEA MARIANA and
P. crauca.—Possibly this spruce dwarf mistletoe

13 Personal communication, Dr. L. J. Farmer, California
Department of Agriculture, 1969.



was centrally distributed within the range of its
hosts prior to the Wisconsin glaciations, but now
only the southern ranges of spruce range are infected.
Picea glauca and P. mariana migrated northward
after the glacial period faster than the dwarf mistle-
toe, and vast areas in the northern parts of the ranges
of these spruces are now free of A. pustllum. Whether
the mistletoe has reached its northern climatic limit
or is still migrating northward is not known.

ARCEUTHOBIUM MICROCARPUM on PICEA ENGEL-
MaNNIT and P. puNgENs.—This western spruce
dwarf mistletoe oceurs in western montane coniferous
forests near the southern limits of its hosts’ ranges.
A. microcarpum is confined to four general regions in
Southwestern United States: (1) the north rim of the
Grand Canyon, (2) the San Francisco peaks, (3) the
Graham mountains, and (4) the eastern Mogollon
Rim. The distribution of this dwarf mistletoe
appears relictual on spruces in the Southwest.
Perhaps A. microcarpum once had a more northern
distribution, but for unknown reasons did not survive
in the higher latitudes where the two spruces are now
most abundant. The phyletic affinities of A. micro-
carpum are anomalous, but since it does not seem
to be closely related to the other dwarf mistletoes
now in the Southwest, the spruce dwarf mistletoe
probably did not evolve from extant species pres-
ently in the region. Arceuthobium microcarpum
probably evolved in another area, migrated south-
ward, and eventually became isolated in the southern
parts of its hosts’ ranges.

ARCEUTHOBIUM AMERICANUM on PINUS BANKSI-
ANA.—The range of A. americanum coincides closely
with that of Pinus contorta  which is its major host.
However, the parasite is also common on Pinus
banksiana, but only in the western parts of this tree’s
range. Jack pine extends for about 1,500 miles east
from the known limits of the mistletoe to western
Ontario. Presumably, A. americanum evolved as a
principal parasite of Pinus conforta and spread
relatively recently to P. banksiana through central
Alberta where the two trees occur together and
frequently hybridize. Possibly A. americanum is still
spreading eastward on P. banksiana. This situation
is discussed in more detail in the Formal Taxonomy
section.

ARCEUTHOBIUM ABIETINUM f. Sp. CONCOLORIS on
ABIES coNcoLOR.—The main distribution of A.
abietinum f. sp. concoloris is in California where
Abies concolor obtains its maximum development.
However, the host extends for about 500 miles
beyond the known eastern limits of the parasite in
Grand Canyon, Arizona, and in southern Utah.
Possibly the scattered distribution of Abies concolor
in the Great Basin and Southern Rockies has
prevented the spread of 4. abietinum into these areas.

Sympatry

We consider sympatry (the occurrence of two
taxa together) to be important in the taxonomic
understanding of Arceuthobium. If two taxa are sym-
patric and if their flowering periods overlap, hybridi-
zation of the two taxa should occur if they are
genetically compatible and have mutual pollinators.
However, as will be discussed later, no evidence of
hybridization exists in Arceuthobium.

Dwarf mistletoes observed within 100 feet of each
other are arbitrarily considered to be sympatric
(fig. 6) because interspecific pollinations should be
possible within such limits. However, observations of
other taxa within 14 mile are also shown in the
figure. Little is known of the effective distance of
pollen transfer in Arceuthobium, but the limited data
available suggest that the 100-foot distance may be
conservative. Potter and Rowley (1960) found a
single Arceuthobium pollen grain at a station in the
treeless San Augustin Plains of New Mexico.
Judging by the locality and time of year when the
grain was caught, we estimate that the closest dwarf
mistletoe populations are at least 3 miles away.
Also Leopold" discovered Arceuthobium pollen in
8 of 11 pollen traps in a transect across Searles Lake
in the Mojave Desert in California. The closest
Arceuthobium has not been determined but the
closest probable host in this region, Pinus mon-
ophylla, occurs on Argus Peak, about 10 miles north
of Searles Lake.

Most North American taxa are known to be
sympatric with at least one other member of the
genus except A. hondurense, A. bicarinatum, and
A. guatemalense, although the latter may occur with
A. globosum in Guatemala. Nothing is known of
sympatry in the Old World species but A. minutis-
stmum and A. oxycedr? possibly occur together in the
Indian Himalayas where their elevational ranges
overlap (Brandis 1907). Also, A. chinense and A. pint
may be sympatric in southwestern China.

We observed several instances where three species
of Arceuthobium occur sympatrically, and one case
where four species were involved (table 3).

An interesting aspect of dwarf mistletoe parasitism
is the occurrence of two species on an individual host
tree (table 4). This phenomenon is rare, perhaps
because of an exclusion principle in which infection
of a tree by a secondary parasite is rare if the prin-
cipal parasite is present (see p. 25).

14 Personal communication, Dr. Estella B. Leopold, U.S.
Geological Survey, 1970.
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SYMPATRY

@ Within 100 feet
A Within 174 mile

A.verticilliflorum

A.vaginatum subsp. durangense

A.vaginafum subsp. vaginatum

A.strictum

A.rubrum

A.pusillum

A.microcarpum

A.laricis

A.globosum

A. gillii subsp. nigrum
A.gillil subsp. gillii

A.cyanocarpum

A.blumeri

A.apachecum

A.americanum

A.abietis - religiosae

magnificae

A.abietinum. f.sp. concoloris
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o> oo

A. gillii subsp. nigrum

A.globosum

A.laricis

A.microcarpum

A.occidentale

A.pusitlum

A.rubrum

A.strictum

A. Isugense
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A.verticilliflorum

Figure 6.—Sympatry of the North American dwarf mistletoes.
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TaBLE 3.—Instances of observed sympatry of three or four species of Arceuthobium (occurrence within 100 feet)

Dwarf mistletoes Hosts Locality
THREL SPECIES:
A. abietinum f. sp. concoloris_________________ Abies concolor Grand Canyon, Arizona
A. douglasii. ... _____________________ Pseudotsuga menziesii
A. vaginatum subsp. cryptopodum_____________ Pinus ponderosa var. scopulorum
A. eyanocarpum. - __________________.____. Pinus flexilis Bryce Canyon, Utah
A.douglasvi________________________________ Pseudotsuga menziesii
A. vaginatum subsp. cryptopodum_____________ Pinus ponderosa var. scopulorum
A. apachecum_____________________________. Pinus strobiformis Mogollon, New Mexico
A.douglasii________________________________ Pseudotsuga menziesit
A. vaginatum subsp. cryptopodum_____________ Pinus ponderosa var. scopulorum
A.apachecum________ . ____________________ Pinus strobiformis Alpine, Arizona
A.douglasii__ . __________________________ Pseudotsuga menziesit
A. macrocarpum____________________________ Picea pungens
A.americanum__.__________________________ Pinus contorta var. latifolia Tieton Lake, Washington!
A. douglasve________________________________ Pseudotsuga menziesii
A lariets. oo ___________ Lariz occidentalis
A. abietis-religiosae_ .. _________________ Abies vejarii Cerro Potosi, Nuevo Leén, Mexico
A.blumeri ... Pinus strobiformis
A. vaginatum subsp. vaginatum_______________ Pinus ponderosa var. arizonica
A blumerio .. Pinus strobiformis El Salto, Durango, Mexico
A. globosum________________________________ Pinus coopert
A. vaginatum subsp. vaginatwm_ - .. _________ Pinus cooperi
A.blumeri . ________ Pinus strobiformis La Junta, Chihuahua, Mexico
A gillvi subsp. gallie. - ___________ Pinus letophylla
A. vaginalum subsp. vaginatum_______________ Pinus ponderosa var. arizonica
FOUR SPECILES:
A.apachecum . _________________________ Pinus strobiformis Big Lake, Arizona
A douglasie_ . ___ Pseudotsuga menziesii
A. microcarpum . ________________________ Picea pungens
A. vaginatum subsp. cryptopodum___ . ____ Pinus ponderosa var. scopulorum

! Also observed near Growden, Washington by Iid F. Wicker, personal communication, 1969.

TABLE 4.—Known instances of dual parasitism in Arceuthobium and Arceuthobium with other mistletoes

Mistletoes Host Locality Reference
ARCEUTHOBIUM:
A. americanum & A. campylopodum Pinus ponderosa Idaho Weir 1916a
Do. Pinus conlorta do. Do.
A. americanum & A. laricis do. British Columbia Kuijt 1954
Do. do. Washington Wicker!
Do. do. Montana Hawksworth and Wicker?
Do. Pinus sylvestris Washington Graham and Leaphart 1961
A. americanum & A. vaginatum subsp. Pinus ponderosa Colorado Hawksworth and Peterson 1959
cryptopodum
Do. Pinus contorta do. 2
A. cyanocarpum & A. vaginatum subsp. Pinus ponderosa do. 2
cryptopodum
A. globosum & A. vaginatum subsp. Pinus spp. Mexico Hawksworth and Wiens 1965
vaginatum
A. rubrum & A. vaginatum subsp. Pinus herrerat Durango, Mexico 2
durangense

! Personal communication, Ed F. Wicker, 1969.
2 First reported in this paper.
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TaBLE 4.—Knonn instances of dual parasitism in Arceuthobium and Arceuthobium with other mistletoes

Mistletoes Host Locality Reference
ARCEUTHOBIUM AND OTHER MISTLETOES:
A. abietinum f. sp. concoloris & Phoraden- Abies concolor California Gill 1935 and our observations

dron bolleanum subsp. pauciflorum
A. bicarinatum & Dendropemon
pycnophyllus

Pinus occidentalis

Dominican Republic 2

1 Personal communication, Ed F. Wicker, 1969.
2 First reported in this paper.

HOST RELATIONSHIPS

Natural Hosts

A summary of the principal host groups of the 32
dwarf mistletoes (fig. 7) includes the four Old World
species. Bach species is restricted to a certain host
group, with the exceptions of A. occidentale (on pines
of sections Insignes, Qocarpae, and Sabinianae),
A. globosum (on pines of sections Australes, Oocarpae,
and Ponderosae) and the poorly known A. chinense
(on Abies and Keteleeria).

Although previous dwarf mistletoe literature has
mentioned the susceptibility of trees in terms of
common, principal, uncommon, and rare hosts, these
classifications have not been specifically defined.

The susceptibility classes that we devised are based
on the determination of an “infection factor ”” or the
percentage of trees of the species in question that are
infected within 20 feet of heavily infected!'® principal,
or main, hosts of a dwarf mistletoe. Infection-factor
determinations should be made only in stands older
than 20 to 30 years.

This classification, based entirely on natural
susceptibility, may not necessarily reflect the abun-
dance of a dwarf mistletoe on a particular host. IFor
example, we have classed Pinus cembroides as a
principal host of A. divaricatum (table 5). This tree

15 Heavily infected trees are class 5 or 6 of the 6-class system
described by Hawksworth (1961a). For this system the live
crown is divided into thirds, and each third is rated as: 0, no
mistletoe; 1, light mistletoe (less than one-half of branches
infected); and 2, heavy mistletoe (more than one-half of
branches infected). The ratings of each third are added to
obtain a total for the tree. For example, a tree heavily infected
in the lower one-third of the crown, lightly infected in the
middle one-third, and not infected in the upper third would
be class 3. A tree heavily infected in each third would be class
6.
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rarely occurs within the range of the dwarf mistletoe,
but it is as susceptible as the other pinyons in the
few areas where this host-parasite combination is
found.

The five susceptibility classes used here are:

Host class
1. Principal

Infection factor Remarks

At least 90 percent; Uninfected trees are
usually nearly seldom found

100 percent within the 20-foot
zone unless they
are small and
stunted

I1. Secondary 50 to 90 percent

III. Occasional (or 5 to 50 percent

tertiary)
IV. Rare More than 0 but less
than 5 percent
V. Immune 0 Potential host trees

not infected even
where the dwarf
mistletoe in ques-
tion is common

Dwarf mistletoe parasitism is a dynamic process,
and some variation is to be expected. A tree species
that is heavily infected in one area may sometimes be
less severely parasitized in another part of the
dwarf mistletoe’s range. This could be due to ecotypic
variation in the host or parasite or to environmental
factors. Also, a tree species may be more frequently
infected when it occurs in certain habitats. Ior
example, Daubenmire (1961) found that ponderosa
pine was commonly parasitized by Arceuthobium
campylopoduwm on habitat types where the tree was
associated with xerophytic grasses but not on the
more mesic habitat types associated with the
shrubs Physocarpus and Symphoricarpos. In spite of
such occasional differences, however, the relatively
consistent host relationships of each dwarf mistletoe
make overall susceptibility ranking meaningful and
useful.



PINUS PINUS OTHER GENERA
(HAPLOXYLON), (DIPLOXYLON)

ARCEUTHOBIUM

White pines
Pinyons
Leiophyliae
Sylvesires
Australes
Ponderosae
Sabinionae
Contortae
Oocarpae
© © @] Adies
Pseudotsuga
Keteoloeoria
Juniperus

Larix
Tsuga
Picea

A.abietinum f.sp. concoloris

A.abietinum . sp. magnificae

A.abietis - religiosae
A.americanum (]
A.apachecum
A.bicarinatum o
A.blumeri
A.californicum
A.campylopodum o
A. chinense ) )
A.cyanocarpum o
A.divaricatum o
A.douglasii )
A.gillil subsp. gillii
A. gillii subsp. nigrum
A.globosum 3K )
A.guatemalense o
A.hondurense o
A.laricis )
A.microcarpum o
A.minutissimum )
A.occidentale ® o
A.oxycedr/ Y
A. pini o
A.pusillum )
A.rubrum
A.strictum ()
A. fsugense )
A.vaginatum subsp. vaginatum

A. vaginatumsubsp. cryptopodum
A.vaginatumsubsp. durangense

A.verticilliflorum

Figure 7.—Principal hosts of the New and Old World dwarf mistletoes. (Divisions of Diploxylon according to Critch-
field and Little 1966.)

17



TABLE 5.—Susceptibility of hosts of North American dwarf mistletoes based on natural wnfection of native trees
(a question mark indicates that we have not determined the appropriate susceptibility class or that the reported
host-parasite combination has not been confirmed)

Arceuthobium Principal host

Secondary host

Occasional host

Rare host

Immune!

Abies religiosa
Abies vejarii

A. abietis-religiosae

Pinus hartwegit

Pinus letophylla var.
leiophylla

Pinus montezumae

Pinus ponderosa var.
arizonica

Pseudotsuga menziesis

A. abietinum f. sp. Abies concolor
concoloris Abies grandis

Abies amabilis?
Picea breweriana

Abies lastocarpa
var. lastocarpa

Pinus contorta subsp.
murrayana

Pinus lambertiana

Pinus monticola

Abies magnifica

Picea engelmannii

Picea pungens

Pinus flexilis

Pinus monophylla

Pinus muricata

Pinus ponderosa var.
ponderosa

Pinus ponderosa var.
scopulorum

Pinus washoensis

Pseudotsuga menziesii

“Tsuga heterophylla

Abies magnifica
Abies procera?

A. abietinum f. sp.
magnificae

Abres concolor
Abtes grandis
Tsuga mertensiana

Pinus banksiana

Pinus contorta
subsp. latifolia

Pinus contorta

A. americanum

subsp. murrayana

Pinus contorta
subsp. contorta?

Pinus ponderosa
var. scopulorum

Pinus albicaulis
Pinus aristata
Pinus flexilis
Pinus ponderosa
var. ponderosa

Picea engelmannii
Picea glauca

Picea pungens

Pinus attenuata
Pseudotsuga menziesit

Abies grandis

Abies lastocarpa var.
lasiocarpa

Abies magnifica

Lariz occidentalis

Tsuga mertensiana

A. apachecum Pinus strobiformais

Abies concolor

Abies lasiocarpa var.
arizonica

Picea pungens

Pinus edulis

Pinus engelmannii

Pinus ponderosa var.
arizonica

Pinus ponderosa var.
scopulorum

Pseudotsuga menziesii

! Includes only members of the Pinaceae in a particular stand, but associated Cuppressaceae or Taxodiaceae are likewise not

infected.
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TABLE 5.—Susceptibility of hosts of North American dwarf mistletoes based on natural infection of native trees
(@ question mark indicates that we have not determined the appropriate susceptibility class or that the reported
host-parasite combination has not been confirmed)—Continued

Arceuthobium

Principal host

Secondary host

Occasional host

Rare host

Immune!

A. bicarinatum

Pinus occidentalis

A. blumert

Pinus strobiformas

Abies vejarii

Pinus coopert

Pinus engelmannii

Pinus leiophylla var.
letophylla

Pinus ponderosa var.
arizonica

Pinus ponderosa var.
scopulorum

Pseudotsuga menziesii

A. californicum

Pinus lambertiana

Pinus monticola

Picea breweriana

Abtes concolor

Pinus attenuata

Pinus coulteri

Pinus ponderosa var.
ponderosa

A. campylopodum

Pinus ponderosa
var. ponderosa

Pinus jeffreyi

Pinus attenuata

Pinus coulteri
Pinus ponderosa
var. scopulorum

Pinus contorta
subsp. contorta

Pinus contorta
subsp. latifolia

Pinus contorta

subsp. murrayana

Pinus lambertiana

Abies concolor

Abies grandis

Pinus monophylla
Pinus monticola
Pinus quadrifolia
Pinus sabiniana
Pseudotsuga menziesii

A. cyanocarpum

Pinus flexilis
Pinus aristata

Pinus albicaulis

Pinus monticola

Picea engelmannii?
Pinus balfouriana
Pinus contorta
subsp. latifolia
Pinus ponderosa
var. scopulorum

Abies lasiocarpa var.
lasiocarpa

Pinus lambertiana

Pinus strobiformis

Pseudotsuga menziesit

A. dwaricatum

Pinus edulis

Pinus monophylla
Pinus quadrifolia
Pinus cembroides

Pinus jeffreyt

Pinus ponderosa var.
scopulorum

Pseudotsuga menziesti

A. douglasti

Pseudotsuga
menziesti

Abtes lastocarpa
var. arizonica

Abies grandis

Abies concolor
Abies lastocarpa
var. lastocarpa
Picea engelmannii
Picea pungens
Pinus flexilis

Abies magnifica

Abies vejarit

Lariz occidentalts

Pinus edulis

Pinus ponderosa var.
ponderosa

Pinus ponderosa var.
scopulorum

Pinus strobiformis

1 Includes only members of the Pinaceae in a particular stand, but associated Cuppressaceae or Taxodiaceae are likewise not

infected.
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TABLE 5.—Susceptibility of hosts of North American dwarf mistletoes based on natural infection of native trees
(a question mark indicates that we have not determined the appropriate susceptibility class or that the reported
host-parasite combination has not been confirmed)—Continued

Arceuthobium

Principal host

Secondary host Occasional host

Rare host

Immune!

A. gilliv subsp.
gillii

Pinus letophylla

var. chihuahuana

Pinus letophylla
var. leiophylla
Pinus lumholizii

Pinus ponderosa
var. arizonica

Pinus ponderosa
var. scopulorum

Pinus cembroides
Pinus engelmannit
Pinus strobiformis

A. gillii subsp.
nigrum

Pinus leiophylla
var. leiophylla
Pinus leiophylla

var. chithuahuana

Pinus lumholtzit
Pinus teocote

Pinus montezumae

Pinus cooperi
Pinus engelmannii

A. globosum

Pinus coopert
Pinus douglasiana
Pinus durangensis
Pinus engelmannit
Pinus hartwegit
Pinus lawsonit
Pinus michoacana
Pinus montezumae
Pinus pringlei

Pinus pseudostrobus

Pinus rudis
Pinus tenuifolia

Pinus ponderosa
var. arizonica

Cupressus sp.?
Pinus teocote

Abies guatemalensis

Abies religiosa

Pinus leiophylla var.
letophylla

A. guatemalense

Pinus ayacahuite

Abies guatemalensis
Pinus pseudostrobus

A. hondurense

Pinus oocarpa

Pinus pseudostrobus?

A. laricis

Lariz occidentalis

Picea engelmannit

Pinus albicaulis

Pinus ponderosa
var. ponderosa

Abies lasiocarpa
var. lasiocarpa
Lariz lyallii?
Pinus contorta
subsp. latifolia
Tsuga mertensiana

Abies grandis
Pinus monticola

Abies concolor

Pinus contorta subsp.
murrayana

Pseudotsuga menziesii

Tsuga heterophylla

A. microcarpum

Picea engelmanniv
Picea pungens

Abies lasiocarpa
var. arizonica

Abies concolor

Abies lasiocarpa var.
lastocarpa

Pinus ponderosa var.
scopulorum

Pinus strobiformis

Pseudotsuga menziesit

A. occidentale

Pinus sabiniana
Pinus radiata
Pinus muricata

Pinus contorta
subsp. bolanderi

Pinus attenuata
Pinus coulteri

Abies grandis

Pinus ponderosa var.
ponderosa

Pseudotsuga menziesii

Tsuga heterophylla

! Includes only members of the Pinaceae in a particular stand, but associated Cuppressaceae or Taxodiaceae are likewise not

infected.
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TaBLE 5.—Susceptibility of hosts of North American dwarf mistletoes based on na?ural infection of native trees
(a question mark indicates that we have not determined the appropriate susceptibz.'lzty class or that the reported
host-parasite combination has not been confirmed)—Continued

Arceuthobium Principal host Secondary host Occasional host Rare host Immune!
A. pusillum Picea mariana Picea rubens Lariz laricina Pinus strobus Abies balsamea
Picea glauca Pinus resinosa
Pinus banksiana
A. rubrum . Pinus cooperi Pinus strobiformis
Pinus durangensis
Pinus engelmannii
Pinus teocote
Pinus herrerai
A. strictum Pinus leiophylla Pinus teocote Pinus engelmannii
var. chihuahuana
A. tsugense Tsuga heterophylla  Abies amabilis Abres grandis Picea engelmannii Abies magnifica

Tsuga mertensiana

Abies lastocarpa
var. lastocarpa
Abies procera
Pinus albicaulis
Pinus contorta
subsp. contorta
Pinus monticola

Picea breweriana

Picea silchensis

Lariz occidentalis

Pinus contorta subsp.
murrayana

Pinus jeffreyi

Pseudotsuga menziesti

A. vaginatum
subsp.v aginatum

Pinus durangensis
Pinus coopert
Pinus engelmannit
Pinus hartwegit
Pinus herrerai
Pinus montezumae
Pinus ponderosa
var. arizonica
Pinus ponderosa
var. scopulorum
Pinus rudis
Pinus lawsonii

Pinus culminicola

Pinus leiophylla var.
chithuahuana

Pinus leiophylla var.
letophylla

Pinus lumholizii

Pinus strobiformais

Pinus teocote

Pseudotsuga menziesi

A. vaginatum
subsp. crypto-
podum

Pinus ponderosa
var. scopulorum
Pinus ponderosa
var. arizonica
Pinus engelmannii
Pinus arizonica
var. stormiae

Pinus contorta
subsp. latifolia
Pinus aristata

Pinus flexilis
Pinus strobiformis

Abies concolor

Abres lastocarpa var.
arizonica

Picea pungens

Pinus cembroides

Pinus edulis

Pinus leiophylla var.
chihuahuana

Pseudotsuga menziesis

A. vaginatum

Pinus montezumae

subsp. durangense Pinus durangensis

Pinus herrerai?

Pinus leiophylla var.
leiophylla
Pinus lumholtzit

! Includes only members of the Pinaceae in a particular stand, but associated Cuppressaceae or Taxodiaceae are likewise not

infected.
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TaBLE 5.—Susceptibility of hosts of North American dwarf mistletoes based on natural infection of native trees
(a question mark indicates that we have not determined the appropriate susceptibility class or that the reported
host-parasite combination has not been confirmed)—Continued

Arceuthobium Principal host Secondary host

Occasional host

Rare host Immune!

A. verticillifforum  Pinus coopert
Pinus engelmannii

Pinus letophylla var.
chihuahuana

Pinus leiophylla var.
letophylla

Pinus teocote

! Includes only members of the Pinaceae in a particular stand, but associated Cuppressaceae or Taxodiaceae are likewise not

infected.

Classification of host susceptibility for each North
American dwarf mistletoe (table 5) is based primarily
on actual infection-factor determinations. In some
cases, however, no data are available, and we have
placed trees in the susceptibility class which seems
most appropriate on the basis of our field experience.
No such susceptibility classification is currently
possible for the Old World species, because we have
not studied all of them in the field.

Also, when we rated the trees by susceptibility
classes, we based our decision on the most common
condition for a particular tree throughout the range
of the dwarf mistletoe in question. This, of course,
may not necessarily apply in individual instances.
For example, near Snow Valley in the San Bernar-
dino Mountains, California, Pinus coulter? is heavily
infected by Arceuthobium campylopodum, but at
lower elevations (where the mistletoe is severe on
associated P. attenuata), P. coultert is only occasion-
ally attacked. We have placed P. coulteri in the
“secondary host” category because it is typical of
most situations where this host-parasite combination
occurs. Variation as extreme as this example is
exceptional and most dwarf mistletoe populations
readily fall into the susceptibility classes indicated
in table 5.

As shown in table 5, some trees are parasitized by
several dwarf mistletoes: eight are known on Pinus
ponderosa (table 6), eight on Pinus contorta (table 7),
and six on Pinus engelmannit in Mexico (Hawks-
worth and Wiens 1965). Some dwarf mistletoes are
quite specific, for example, A. blumeri and A.
apachecum, which are restricted to Pinus strobi-
formis, but occur in different parts of the host range.
Others have broad host ranges, such as 4. larices,
which not only parasitizes Larix but also Abies,
Pinus, Picea, and Tsuga. The principal host of A.
douglasii is Pseudotsuga menziesit, and it is the only
dwarf mistletoe that parasitizes Pseudotsuga. Arecu-
thobium douglasit, however also grows on Abzes and
Picea.
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The five dwarf mistletoes that oceur principally on
the North American white pines (table 8) are: A.
cyanocarpum on Pinus flexilis and P. aristata; A.
californicum on P. lambertiana; A. guatemalense on
P. ayacahuite; and A. blumeri and A. apachecum on
P. strobiformis. The Central American Pinus
chiapensis is the only member of this group not
known to be parasitized.

Pinus monticola is the only widespread western
white pine that is not a principal host for any dwarf
mistletoe. Although six taxa parasitize this tree, these
are mainly crossover situations (table 8). It may be
of evolutionary significance that none of the mem-
bers of the Pinus chiapensis-strobus-monticola phylad
(Andresen 1966) has been colonized as a principal
host by Arceuthobium. This may suggest that the
phylad originated in an area outside the range of
Arceuthobium. If this is true, P. monticola may not
have occupied its present range until after the
principal radiation of Arceuthobium onto the various
conifers of the area had already occurred. This
could explain why various dwarf mistletoes some-
times utilize P. monticola as a lesser host, and why it
is not the principal host of any species.

Dwarf mistletoes parasitize nearly all western
firs (Abies spp.) (table 9). Only Arceuthobium
abietinum in the western United States and A.
abietis-religiosae of Mexico, however, are principal
parasites of Abies. Arceuthobium abietis-religiosae
is known only from Abies religiosa and A. vejarii,
but is to be expected on other Mexican true firs.

In addition to the firs listed in table 9, we have
examined one collection on the rare bristlecone fir
Abies bracteata, from the Santa Lucia Mountains of
California. We believe that the specimen is a cross-
over infection of a pine dwarf mistletoe, probably A.
occidentale. The specimen is in the Weir collection
at the University of Illinois, and was obtained by
Raymond in 1915. Positive identification is impos-
sible because the specimen is fragmentary and
poorly documented.



All North American spruces, except the recently is a very rare host. We have a recent collection on this
described Mexican species Picea chihuahuana and  tree from Oregon and this host-parasite combination
P. mexicana (Martinez 1963), arc known hosts for  has been reported from Alaska (Laurent 1966)
Arceuthobium (table 10). Picea sitchensis, however, and British Columbia (Molnar, Harris, Ross, and

Ginns 1968).

TaBLE 6.—Susceptibility of members of the Pinus ponderosa complex to
dwarf mistletoes"?

Pinus ponderosa variety

Arceuthobium
ponderosa  scopulorum  arizonica  ‘‘stormiae’’®
A. americanum . ... _______ III 1I - -
A. cyanocarpum - ... ____ - v - -
A. campylopodum .- ________ I II - -
A. gillei subsp. gillei_ - ______ . v v -
A. globosum . ________________ - - 1I -
A.larieis oo ________ 111 - - -
A. vaginatum subsp. - I I I
cryptopodum _ _ - ___________
A. vaginatum subsp. vaginatum - I 1 -

1T = Principal host, II = secondary host, III = occasional host, and IV = rare
host; “__"" dwarf mistletoe not observed within range of the tree.

2In addition, Smith and Craig (1968) have artificially infected Pinus ponderosa
(presumably var. ponderosa) with Arceuthobium tsugense.

3 The tree known in northern Mexico as Pinus arizonica Engelm. var. stormiae
Martinez (1948) has not been formally described as a variety of Pinus ponderosa, but
our field studies in Coahuila indicate that it is quite distinct from the tree known in the
United States as Pinus ponderosa var. arizonica.

TABLE 7.—Susceptibility of members of the Pinus contorta complex to dwarf
mastletoes!

Pinus contorta subspecies

Arceuthobium
contorta latifolia murrayana  bolander?

A. abietinum f. sp. concoloris._ _ - - v -
A. americanum .- _________._ 2 I I -
A. campylopodum . ________ 111 111 111 -
A. cyanocarpum - - .. ______ - v - -
A laricis - ___________ - 11 -
A. occidentale_ - - ____________ . - - 111
A.tsugense. - - _____________ I1 - - -
A. vaginatum subsp.

cryptopodum _ - ___________ - 111 - -

1T = Principal host, II = secondary host, IIT = occasional host, IV = rare host,
and V = immune; ‘“__"’ dwarf mistletoe not observed within range of the tree.

2 Presumably on this subspecies in the Oregon Mountains, southern Josephine
County, Oregon (Weir 1917), but this has not been confirmed.
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TaBLE 8.—Susceptibility of North American white pines to dwarf mistletoes!

Pinus

Arceuthobium
albicaulis aristala* ayacahuite balfouriana flexilis lambertiana monticola strobiformis strobus

A. abietinum f. sp. con-

coloris_ - ___________ - . - . v v v - -
. americanum - .. _____ II1 111 - . II1 .- . -
. apachecum__________ .- . .- - - . - I -
Cblumerio oo ___ - . - - . . - I

. californicum_ . _ - ____ .- . - - - I 11 .- -
. campylopodum _ _ _ _ __ - o - - - v v - -
. CYanocarpum . - . 1I I - v I A% III \%

. douglasiv_ - - ________ - - . - v - - \% -
. guatemalense_ _______ - - I - - - - - .
dardevs. oo III - - - - - v . -
Lpusillum- - . .- . .- - o - - - 18Y%
. lsugense. - - ______ II . - . - - 1I - -
. vaginatum subsp.

cryptopodum_ _ - ._____ - III . - 18Y% o . 18" -

N N N NS

£ dwarf mistletoe

1T = Principal host, IT = secondary host, III = occasional host, IV = rare host, and V = immune; *
not observed within range of the tree.

2 Susceptible in greenhouse inoculations at Fort Collins, Colorado.

* Recent studies (Bailey, D. K., Phytogeography and taxonomy of Pinus subsection Balfourianae, Ann. Mo. Bot. Gard. 57:
210-249, 1970) have shown that “Pinus aristata”’ as formerly understood comprises two species: Pinus longacva D. K. Bailey in
the Great Basin (California, Nevada, and Utah) and Pinus aristata sensu stricto in the Rocky Mountains (Colorado, New Mexico,
and Arizona). Pinus longaeva is frequently parasitized by Arceuthobium cyanocarpum in southern Utah and Nevada. Pinus
arislala is an occasional host for A. americanum and A. vaginotum subsp. cryptopodum in Colorado. Arceuthobium cyanocarpum
is not known on Pinus aristata in Colorado or New Mexico but it may be the taxon on this tree in Arizona (see p. 117).

TABLE 9.—Susceptibility of western North American and Mexican species of true firs (Abies) to dwarf mistletoes'

Abies
Arceuthobium lasiocarpa lasiocarpa
amabilis  concolor  grandis var. var. magnifica  procera  religiosa vejarti

lasiocarpa arizonica

A. abietinum f. sp. con-

coloris_ - - ________._ 11?7 I I 111 - v - - .-
A. abietinum f. sp.

magnificae. . .. ___ . v v . . I 1? - -
A. abietis-religiosae - - _ - - - - - - - I I
A.lardcis .o ______ - A\ v II - - - o -
A. microcarpum________ - \% - \% v - - - -
A. tsugense._ - - ________ 11 . II1 II - A\ II . -
A. douglasit_ - - - _______ - v 111 v 11 v - . A%

1T = Principal host, II = secondary host, III = occasional host, IV = rare host, and V = immune; “__"" dwarf mistletoe
not observed within range of the tree.
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TaBLE 10.—Susceptibility of North American spruces to dwarf mistletoes*

Picea
Arceuthobium
breweriana  engelmannit glauca mariana pungens rubens sttchensis
A. abietinum f. sp. concoloris___ 1I \Y% . - \Y% - -
A. americanum. ... ... _..__ .- v v .- 1V . -
A. californicum_ - - ... _____ II1 - -- . - - -
A. cyanocarpum-_ ... _____ - Iv? . - - - -
A.douglasii_ - ______________ -- v - - v - .
A laricis ... .- II1 .- -- - - -
A. microcarpum - - .. ... ... __ . I . . I - .
A.pusillum_ ... .- -- I I 2 11 .
A.tsugemse_ .- - oo ____. III v - -- - - v
1T = Principal host, IT = secondary host, III = occasional host, IV = rare host and V = immune; “__"’ dwarf mistletoe

not observed within range of the tree.
2 On planted trees in Maine (U. S. Dep. Agr. 1960).

Extra-Limital and Unnatural Hosts

Several workers have inoculated dwarf mistletoes
on trees that do not oceur naturally within the
range of a particular species of Arceuthobium
(extra-limital hosts). The results of their studies,
summarized in table 11, are discussed further under
the dwarf mistletoes involved in the IFormal Taxon-
omy section.

Perhaps conditions for infection and develop-
ment of dwarf mistletoes are more favorable
under artificial than natural situations, and plants
grown under such conditions have occasionally
become established on hosts that are not naturally
infected. Weir (1918a) artificially grew A. campy-
lopodum on Abies concolor. and we grew A. cyano-
carpum on Pinus strobiformis. In nature, these trees
are exposed to the two dwarf mistletoes, but we have
not found natural infection of them.

Inoculation experiments are most useful for de-
termining susceptibility of extra-limital hosts. Such
studies do not reveal, however, how the parasite will
act in the natural environment of a new host. We
question whether life-cycle data could be based on
artificial inoculations, because of the accelerated
growth rates we noted in the greenhouse. I'or
example, when we inoculated Pinus strobiformis
with A. cyanocarpum in the greenhouse we obtained
shoots within 5 months, and flowering within 7
months, of the date of inoculation. In nature, A.
cyanocarpum shoots do not appear until 2 to 3 years
after infection, and flowering does not begin until
after at least one more year.

Observations of natural susceptibility of trees from
outside the range of a mistletoe arc sometimes
economically important (table 12). I'or example,

Graham and Leaphart (1961) reported that planta-
tion-grown Pinus sylvesiris was so severely para-
sitized by the larch dwarf mistletoe (4. laricis) in
Washington, that this tree should not be planted in
areas where A. laricis occurs.

Nonhosts

Since the dwarf mistletoes parasitize so many
western conifers we have recorded those in the wes-
tern United States and Mexican Pinaceae not yet
known to be naturally infected by Arceuthobium:®

Abies: (True firs) Pinus: (Pines)

durangensis chiapensis

guatemalenstis greggit

hickeli maximartinezit

mexicanda nelsonit

oaxacana patula

Picea: (Spruces) pinceana

chthuahuana rzedowskit

mexicana torreyana
washoensts

Pseudotsuga: (Douglas-fir)

macrocarpa

Host-Parasite Relationships

A peculiar feature of dwarf mistletoc parasitism,
at least in the central Rocky Mountains, is the
existence of a type of host exclusion between taxa
(Hawksworth 1968). If the principal parasite of a
certain host is present in an area, other dwarf-

16 Kuijt (1960a) successfully inoculated Pinus torreyana

with A. occidentale; A. abielis-religiosae possibly parasitizes
Abies guatemalensts.
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TABLE 11.—Extension of host ranges of Arceuthobium
as determined by artificial inoculations on unnatural

hosts

Host Dwarf mistletoe Reference
Abies
concolor A. campylopodum  Weir 1918a
grandzis do. Do.
Lariz
europaca A. laricis Do.
leptolepis do. Do.
occidentalis A. campylopodum Do.
Do. A. tsugense Smith 1970a
Picea
abies A. campylopodum  Weir 1918a,
Do. A. isugense Smith 1965
glauca do. Do.
engelmannii do. Smith 1970b
pungens do. ? 1
Pinus
banksiana A. occidentale Hedgceock and
Hunt 1917
bungeana do. Do.
mugo (as P. A. campylopodum  Weir 1918a
montana)
Do. A. americanum Do.
palustris A. occidentale Hedgceock and
Hunt 1917
Pinus
pinea do. Do.
ponderosa A. tsugense Smith and Craig
1968
radiata do. Do.
resinosa A. campylopodum  Weir 1918a
strobiformis A. cyanocarpum t
strobus do. !
sylvestris A. campylopodum  Weir 1918a
Do. A. tsugense Smith and Craig
1968
torreyana A. occidentale Kuijt 1960a
virginiana do. Hedgcock and
Hunt 1917
Tsuga
canadensis A. tsugense Weir 1918a

! From studies reported in this paper.

mistletoes rarely parasitize that tree. Conversely,
if the principal parasite is absent, the chances of
parasitism by other dwarf mistletoes is greatly in-
creased. This is exemplified by A. americanum
(principal host, in this instance, Pinus contorta
subsp. latifolia) and A. cyanocarpum (principal host,
Pinus flexilis). In mixed stands where A. americanum
is present, parasitism of P. contorta by A. cyano-
carpum has not been found. Conversely, in stands
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where there is no A. americanum, A. cyanocarpum
frequently occurs on this host. A comparable, and
reciprocal, situation exists for P. flexilis. Another
example is the relative frequency of A. americanum
on Pinus ponderosa var. scopulorum and A. vaginatum
subsp. cryptopodum on Pinus contorta, which shows a
similar relationship to that above (Hawksworth
1968).

Wiens (1962) has recorded a comparable situation
in Phoradendron parasitizing junipers. The explana-
tion for this host exclusion principle is unknown and
presents a fascinating field for research.

The dwarf mistletoes seem to show an “all or
nothing” parasitism of trees that are rarely infected.
Such trees are usually immune, but when infection
does occur such individuals are often moderately
to highly parasitized. An example of this is the
parasitism of Picea engelmannii by A. americanum.
Usually less than 1 percent of the spruces are in-
fected in stands where the mistletoe is common on
the associated Pinus contorta. However, the in-
dividual P. engelmannii trees that are parasitized
may bear 100 infections or more (Hawksworth and
Graham 1963).

Our field studies suggest that some very rare trees
have little resistance to dwarf mistletoes. For
example, Pinus culminicola is readily parasitized by
Arceuthobium vaginatum subsp. wvaginatum, and
Picea breweriana is infected by A. abietinum f. sp.
concoloris (fig. 8), A. californicum, and A. tsugense
in every instance where we have seen them exposed
to these dwarf mistletoes. The situation for Abies
bracteata may be similar (because Arceuthobium has
been collected on it), but we have not observed this
tree associated with dwarf mistletoe. No dwarf
mistletoe oceurs within the range of Pinus torreyana,
but Kuijt (1960a) inoculated this tree with A.
occidentale and found it susceptible.

Features that often indicate host-parasite in-
compatibility are poor (sometimes lack of) shoot
development and unusually large swellings at the
point of infection (table 13).

Host Reactions

The first external symptom that a dwarf mistletoe
has become established in a branch is usually a
swelling of the host tissues at the point of infection.
As the infection becomes older, the swellings enlarge
and eventually become fusiform. Typically, dwarf
mistletoe infection leads to the production of profuse,
dense masses of distorted host branches called
“witches’ brooms” (figs. 8-14).

Two basic types of witches’ brooms are formed
(Kuijt 1960b, Hawksworth 1961a): (1) Systemic
(isophasic) types in which growth of the endophytic
system keeps pace with growth of the infected



TABLE 12.—Reports of extra-limital hosts naturally infected by dwarf

mastletoes
Host Arceuthobium Locality Reference
Cupressus
macrocarpa  A. oxycedri U.8.S.RR. Zefirov 1955
Lariz
europaca A. tsugense British Columbia Kuijt 1964
Picea
abies A. laricis Idaho U. S. Dep. Agr. 1963
pungens A. pusillum Maine U. S. Dep. Agr. 1960
Pinus
banksiana A. laricis Idaho Graham 1959a
pinaster A. campylopodum California Kuijt 1960b
resinosa A. laricis Idaho U. S. Dep. Agr. 1962
sylvestris do. Washington Graham and Leaphart
1961
Do. A. americanum do. Do.
Do. do. Alberta Powell 1968
Do. A. campylopodum Idaho J. R. Weir, unpubl.!

1 Specimen at the University of Illinois.

branch, dwarf mistletoe shoots are scattered along
the host branch, often concentrated at the branch
girdles and, (2) nonsystemic (anisophasic) types in
which the shoots remain concentrated near the
original site of infection. These two types of broom
formation, however, are species constant and
therefore of taxonomic value. Arceuthobium ameri-
canum, A. douglasit, A. guatemalense, A. minutissi-
mum, and A. pusillum consistently form systemic
brooms. Herbarium specimens reveal that A. chinense

TABLE 13.—Reported incompatible host-parasite
relationships

Arceuthobium Host Reference

A. abietinum {. sp.
concoloris Pinus lambertiana
Do. Pinus contorta
subsp. murrayana
Pinus albicaulis

R. F. Scharpf!
D. A. Graham!

A. americanum Weir 1918b

Do. Picea pungens 2
Do. Pseudotsuga R. S. Peterson?!
menziesit
A. pusillum Larix laricina Tainter and French
1967
A. lsugense Lariz europaca Kuijt 1964
Do. Lariz occidentalis  R. B. Smith?
(inoculations)
Do. Picea engelmannii 2
Do. Picea sitchensis Laurent 1966

1 Personal communications, 1965-69.
2 First reported in this paper.

and 4. pinz also cause systemic brooms, but whether
this host reaction is consistent is not known. The non-
systemic type is much more common, although most
dwarf mistletoes will sometimes cause systemic
brooms. In a few host-parasite combinations, little or
no witches’ brooms of either type are formed.

In Pinus contorta branches older than about 5
vears, A. americanum shoots on systemic brooms ars
formed only at the girdles and not on the segments
(IKuijt 1960b). Similarly, our limited observations of
systemic infections of A. abietis-religiosae on Abies
religiosa suggest that here, also, the dwarf mistletoe
shoots are produced only at the girdles.

Within a host genus, the parasite and not the host
determines the type of brooms formed (Hawksworth
1956a, IKuijt 1960b, Weir 1916). For example, the
witches’ brooms formed by A. americanum on any
pine are basically similar, but are distinetly different
on spruce (Hawksworth and Graham 1963, Kuijt
1960b).

Although systemically infected branches are
usually immune to secondary infection, Muir (1968)
reported several secondary pistillate and staminate
infections on a pistillate systemic broom of A.
americanum on Pinus banksiana in northeastern
Alberta. The secondary infections were detectable
because of the location of their shoots, differences in
shoot color, and formation of swellings. We have
observed similar situations (one instance each) in the
following: A. americanum on Pinus contorta in
Colorado, A. vaginatum subsp. cryptopodum on P.
ponderosa in Arizona, and A. guatemalense on P.
ayacahuite in Guatemala.
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Kuijt (1960b) reported that cones usually are not
produced on witches’ brooms, particularly systemic
ones. Bonga (1964), however, noted fertile cones on
an aberrant broom in Picea mariana caused by
Arceuthobium pusillum. We have observed cones on
several systemic witches’ brooms on Pinus contorta
(caused by A. americanum) but all were sterile.

Effects on Hosts

The dwarf mistletoes are serious pathogens of
North American forest trees, and in many parts of
the West they are the most damaging disease agents.
They not only cause extensive losses through direct
mortality, but also adversely affect growth rates
of infected trees. In addition, the dwarf mistletoes
reduce seed production and wood quality, and in
some hosts, particularly Abies and Tsuga, provide
entrance points for decay fungi. The extent of the
damage caused by these parasites is estimated to
total 3.2 billion board feet annually in the western
United States (Shea and Howard 1969). At 1970
prices, this annual loss totals about $75 million. The
commercially important trees that are most seriously
damaged are Pinus ponderosa, P. contorta, P.
banksiana, P. lambertiana, Pseudotsuga menziesii,
Abies magnifica, A. concolor, Larix occidentalis, and
Tsuga heterophylla. Arceuthobium pusillum, con-
sidered the most serious cause of timber loss in
Picea mariana in the Lake States, also causes serious
losses in Picea glauca along the coast of Maine.

Dwarf mistletoe infection reduces the tree’s
growth rate in both height and diameter, but there
is no significant reduction until the upper half of the
tree’s crown is parasitized. Then the growth rate
declines rapidly as the degree of infection in the
upper crown increases (Hawksworth 1961a).

Heavy dwarf mistletoe infection eventually kills
the tree. However, the length of time required for the
parasite to kill a tree varies considerably, and
depends on many factors: the host and dwarf
mistletoe species involved; the amount of infection

in a tree; the vigor of the tree; the ecological and
climatic situation under which the tree is growing;
and activity of secondary pests, particularly bark
beetles, which often attack and help kill heavily
infected trees. Some host-parasite combinations in
which tree mortality is particularly high are:

Dwarf mistletoe Hosts

A. abietinum f. sp. magnificac  Abies magnifica
A. americanum Pinus contorta, P. banksiana
A. cyanocarpum P. flexilis, P. albicaulis
A. douglasii Pseudotsuga menziesii
A. laricis Larix occidentalis
A. microcarpum Picea engelmannii, P. pungens
A. pusillum Picea mariana, P. glauca
A. vaginatum subsp. Pinus ponderosa
cryptopodum

How dwarf mistletoes affect the growth of their
host trees is not fully understood. Important factors,
however, might be the appropriation of water,
minerals, and other nutrients by the parasite and
infected parts of the lower crown at the expense of
upper parts of the crown. Once a branch becomes
infected, it utilizes more than its share of nutrients.
Thus, the diameter growth of infected branches is
greatly enhanced. Infected branches may become
several times as large as uninfected branches in the
same whorl, and they tend to live long after the
adjacent uninfected branches are shaded out.
As progressively more and more nutrients are
appropriated by infected branches, the vigor of the
crown declines. Eventually, the effective photo-
synthetic surface area of noninfected branches is
reduced below that necessary to sustain the tree, and
death results.

Leonard and Hull (1965) found that several dwarf
mistletoes in California obtained large quantities of
photosynthate from their hosts at all seasons of the
year. Although the dwarf mistletoes do contain
chlorophyll and can manufacture a small part of their
required carbohydrates, neither material is trans-
located to the host. Physiological work on the
water balance of dwarf mistletoe-infected trees is
needed.

MECHANISMS AND TRENDS OF EVOLUTION

The Genetic System and
Recombination Potential

Arceuthobium has a base chromosome number of
z = 14 (that is, the lowest extant haploid number).
Polyploidy is unknown. A base chromosome number
of x = 14 is relatively high in the angiosperms, and
one might suspect that * = 14 is a tetraploid on a
base of seven. This is unlikely, however, because in
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the Viscaceae as a whole the lowest known number
is ¢ = 10 (in Viscum). Viscum shows an aneuploid
series ranging from x = 10-13 and may be the
primitive genus in the Viscaceae. The putatively
derived genera, Phoradendron, Korthalsella, and
Arceuthobium, are all characterized by chromosome
numbers of x = 14. Chromosome evolution in the
Viscaceae as a whole is discussed in detail by Wiens
and Barlow (1971). In view of the patterns of



Figure 8.—Effects of dwarf mistletoes on various hosts: 4, Arceuthobium abietinum f. sp. concoloris on Picca
breweriana, severely broomed tree killed by the parasite, Siskiyou National Forest, Oregon; B, A. douglasii on
Pseudotsuga mensziesii, most trees have been killed by the parasite, Mescalero Apache Reservation, New Mexico;
C, A. occidentalc on Pinus sabiniana, no brooms formed even though trees are heavily infected, both trecs died
within 2 years after the photograph was taken, North Fork, California; D, 4. microcarpum on Picca pungcns,
note the small brooms and the trees killed by the mistletoe, Grand Canyon National Park, Arizona.
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Figure 9.—Witches’ brooms caused by Arceuthobium
americanum: A, on Pinus ponderosa (left) and P.
contorta (right) note similarity of the brooms; B, on
Picea engelmannii, brooms are distinctly different
from those in pines eaused by same mistlctoe; C, on
Pinus contorta; (4, B, C, in Roosevelt National
Forest, Colorado.) D, on Pinus banksiana, Golden
Ridge, Saskatchewan; photograph by J. G. Laut,
Canadian Department of Fisheries and Forestry.
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Figure 10.—Witches’ brooms on pines eaused by five
dwarf mistletoes: A, Arceuthobium strictum on Pinus
leiophylla var. chihuahuana (left), and A. verticilli-
florum on P. engelmannii (right) show difference in
host reaction to the two mistletoes; B, A. rubrum
on Pinus teocote (right), not in P. engelmannii (left)
but elsewhere this tree is parasitized by 4. rubrum;
C, A. gillii subsp. nigrum severely damaging Pinus
leiophylla; (A4, B, C, near El Salto, Durango, Mexico.)
D, A. californicum on Pinus lambertiana, Sierra
National Forest, California.
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Figure 11.—Effects of dwarf mistletoe on various pines:
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A, B, C—Arceuthobium vaginatum subsp. crypto-
podum. A, on Pinus engelmannii, El Largo, Chi-
huahua, Mexico; B, massive witches’ broom in Pinus
ponderosa, Grand Canyon National Park, Arizona;
C, group of Pinus ponderosa killed by dwarf mistletoe,
Grand Canyon National Park, Arizona; D, 4. guate-
malense on Pinus ayacahuite, Sierra Cuchumatanes,
Guatemala.
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Figure 12,—Witches’ brooms causcd by two southern dwarf mistletocs. A, B, Arceuthobium bicarinatum on Pinus
occidentalis, Constanza, Dominican Republic; C, D, 4. hondurense on P. oocarpa, near Tegucigalpa, Honduras.
In D, the dense clumps in the lower crown are epiphytic bromeliads.
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Figure 13.—Witches’ brooms caused by larch and hem-
lock dwarf mistletoes: 4 and B, Arceuthobium laricis
on Larix occidentalis, Blue Mountains, Oregon. Photo-
graph B by J. R. Weir. C, 4. laricis on Tsuga mer-
tensiana, Coeur d’ Alene National Forest, Idaho;
D, A. tsugense on Tsuga mertensiana, Stanislaus
National Forest, California.



Figure 14.—Dwarf mistletoes on various eonifers: 4, Arceuthobium
pusilluru on Picea mariana, Minnesota; B, 4. pusillum on P.
glauca, Minnesota. Photographs 4 and B by D. W. French,
University of Minnesota. C, 4. campylopodum on Pinus ponder-
osa, near Spokane Washington; photograph by J. R. Weir; D, A.
minutissimum on Pinus griffithii, Kashmir:
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chromosome numbers and change in the family, the
x = 14 in Arceuthobium appears to be the product of
an increasing aneuploid series, rather than a tetra-
ploid basedonx = 7.

The apparent chromosome system in Arceuthobium
is diploid with # = 14. The genetic system is pre-
sumably sexual and obligately out-crossing (the
genus being dioecious). No evidence of asexual
reproduction exists. These characteristics, coupled
with the relatively high diploid chromosome number
(x = 14) and high chiasma frequency (averaging
perhaps 2 to 3 chiasma per bivalent), suggest a
relatively high recombination index (Darlington
1958).

Progressive Evolution and

Adaptive Radiation

The significance of a high recombination index
depends on the evolutionary opportunities of the
group. For the North American dwarf mistletoes,
numerous habitats (host trees) became available
for colonization because of the large development of
Pinus during the Miocene (Mirov 1967). The genetic
system of Arceuthobium—diploid with high re-
combination potential—theoretically should be well
suited to progressive evolution.

If a large number of ecological niches (host
species) are available for colonization, evolution
should eventually produce an adaptive radiation
into the available niches. The high proportion of
North American Pinaceae presently parasitized by
Arceuthobium (see table 5) indicates that such an
adaptive radiation has occurred. With the exception
of the eastern pines of North America, most of the
major species of Pinaceae are parasitized by
Arceuthobium.

A factor conceivably important in this adaptive
radiation was the apparent lack of competition with
other plants for the available niches. With the
possible exception of Phoradendron bolleanum subsp.
pauciflorum, which sometimes occurs on Abies
concolor with A. abietinum, and a few tropical species
of Dendropemon, Psittacanthus, and Struthanthus,
no extant groups compete with Arceuthobium.
Competition with epiphytes might be expected in
tropical cloud forest situations, but this does not
oceur, presumably because only young shoots are
susceptible to infection by dwarf mistletoes. Gen-
erally, emerging shoots are infected by dwarf
mistletoe before epiphytes can become established.

On the basis of our criteria, a number of dwarf
mistletoes have reached a high degree of specializa-
tion. This suggests that the basic adaptive radiation
has already taken place, and that the adaption is
now into increasingly more specialized niches. For
example, 4. americanum and A. douglasii are highly
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specialized (reduced) morphologically, and also
occupy narrow ecological niches, or host trees, to
which they are almost exclusively confined. Further-
more, these hosts (Pinus contorta and Pseudotsuga
menziesit) usually are not climax species, as arc the
hosts for the more primitive species, but are inter-
mediates in the successional sequence of the eco-
systems in which they occur. This suggests that the
climax host species may have been colonized first
by the primitive species of dwarf mistletoes. As
these ecological niches were filled, further evolution
required the more advanced species to occupy
niches (host trees) characteristic of pioneering or
intermediate stages of the ecological sere.

Absence of Hybridization and
Polyploidy

One of the most significant factors in the evolution
of wvascular plants is the occurrence of natural
hybridization. So pervasive is this phenomenon, that
most groups of vascular plants studied by con-
temporary workers appear to show some evidence of
natural hybridization.

In Arceuthobium, however, no evidence of natural
hybridization has been discovered. In our cumula-
tive years of field experience (and those of several
knowledgeable colleagues) we have never en-
countered a single instance of natural hybridization,
although we have consciously searched for such
evidence, especially in our studies of sympatry
(see table 3). Overlap ocecurs in a number of char-
acters, especially quantitative traits which might
be interpreted as evidence for natural hybridization.
We believe, however, that the overlap is the result of
evolutionary convergence. While a single character
of one taxon might overlap with a trait of another,
the majority of character combinations defining
each taxon do not occur discordantly (Anderson
1951). Discordant variation occurs through hybridi-
zation when character combinations typical of more
than one taxon occur together. Traits are concordant
in Arceuthobium; they remain associated with their
regular constellation of characters.

The absence of hybridization is apparently typical
of both familes of mistletoes (Barlow and Wiens
1971, Wiens and Barlow 1971), and is not unique to
Arceuthobium. In Phoradendron, a single clear
instance of natural hybridization is known (Wiens
1962, Vasek 1966), and the hybrid is apparently
sterile. The absence of natural hybridization in
Arceuthobium as well as other mistletoes can be
explained by occurrence of strong interspecific
isolating mechanisms, particularly seasonal isolation.

A factor which might explain the apparent
absence of hybrids in Arceuthobium is the lack of
suitable habitats for their establishment. Most



dwarf mistletoes have a principal host (see table 5)
to which the species must be adapted. Because
hybrids combine the genetic characteristics of two
species, theoretically they should be adapted to
intermediate habitats. However, intermediate hab-
itats in parasitic groups theoretically could be
produced only through hybridization of the hosts.
In other words, “hybridization” of the habitat, as
Anderson (1948) expressed it, would literally be
necessary. Various pinaceous hosts of Arceuthobium
do hybridize, but we are unfamiliar with any situa-
tions where two species of dwarf mistletoes parasitize
hybridizing host populations. Where host pines do
hybridize, for example, P. jeffreyi X P. ponderosa
and P. contorta X P. banksiana, the hybridizing pair
of species are so closely related that they arc par-
asitized by the same dwarf mistletoe.

Another factor that may inhibit hybrid establish-
ment also involves habitat. If intermediate hosts are
not available, then hybrids of the dwarf mistletoes,
even if they occurred, would be without a suitable
habitat and might not survive. Hence, hybrids in
Arceuthobium might not be detected. Whether or
not hybridization in dwarf mistletoes is precluded
by strong isolating mechanisms, or because hybrids
fail to become established, the result is the same. In
either case, there should be strong selective pressures
against gene combinations that allow hybridization
(Dobzhansky 1951).

The presumed absence of natural hybridization
(or hybrid establishment) is an important basis for
further evolutionary considerations in Arceuthobium.
Not only have we failed to discover hybrids in
dwarf mistletoes, but they are not reported in the
extensive literature of the group. But if hybrids do
not occur, we could hardly expect to find literature
on the subject.

A theoretical explanation proposed for the absence
of polyploidy in Arceuthobium (Wiens 1968) is
based on the assumption that most polyploids are
alloploids (Stebbins 1950), and depend on natural
hybridization for their origin. If hybridization does
not oceur, alloploidy is precluded. Autoploidy might
still occur, but its presence is probably of little
evolutionary significance; probably the few cases of
known polyploidy in the Loranthaceae and Viscaceae
are of autoploid origin (Barlow and Wiens 1971,
Wiens and Barlow 1971).

Evolutionary Patterns and
Taxonomic Structure

Arceuthobium is apparently a sexual, outcrossing
group which could be expected to produce a relatively
wide pattern of variation. A high recombination
potential and open niches on the Pinaceae could
provide the fundamental conditions to produce an

adaptive radiation onto most North American
Pinaceae. In the absence of hybridization and
polyploidy, the species have apparently maintained
distinet evolutionary lines. This feature has im-
portant evolutionary and taxonomic consequences,
because distinet phyletic lines should produce
dendritic evolutionary patterns.

Such evolutionary patterns are typical of most
animals. In vascular plants, however, reticulate
evolution is the rule, and is almost certainly pro-
duced through natural hybridization. Alloploidy
may stabilize hybrid genomes into true-breeding
species. Hybridization and polyploidy, therefore,
have the result of combining the characteristics
of different evolutionary lines and thereby produce
reticulate evolutionary patterns characteristic of
vascular plants.

In contrast, a dendritic evolutionary pattern
appears to characterize Arceuthobium, but the situa-
tion is obscured by the extreme morphological
reduction attendant with the parasitic habit. The
species of Arceuthobium are relatively distinet, but
the characters separating them are often cryptic or
discernible for only short periods of the life cycle.
Even though individual characters are not always
clearly evident, when the characters are analyzed
in their totality, the taxa become well differentiated.
This is evident from our numerical analyses which
show that all taxa have a relatively high degree of
integrity and tend to be more distinet than in
other groups where hybridization has played an
important evolutionary role (Sokal and Sneath 1963).

The two subgenera or phyletic lines (based on
branching patterns) which Kuijt (1970) proposed seem
valid, but the reduction of shoots in species such as
A. pusillum sometimes obscures the relationship. In
Arceuthobium the evolutionary pattern is further
characterized by three stages of evolutionary diverg-
ence. These three stages appear to be present in both
the New and Old Worlds, but are better developed in
the former.

Because of the dendritic evolutionary patterns,
these evolutionary stages can be defined taxonom-
ically and basically correspond to the primitive,
intermediate, and advanced species groups we
propose in the New World subgenera (see discussion
under the subgenera and fig. 15). We have con-
structed a subgeneric taxonomy based on what
appear to be definable evolutionary stages in
distinet phyletic lines. We believe that the taxonomic
treatment given here generally represents the
phyletic history of Arceuthobium.

Evolutionary Trends

Evolutionary trends in Arceuthobium are inferred
(Gill 1935), but the course of evolution is far from
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Figure 15.—Presumed phyletic evolution of Arceuthobium showing two primary lines of diversification—subgenera
Arceuthobium and Vaginata. Subgenus Arceuthobium is divided into Old World and New World groups with three
and four species, respectively. Subgenus Vaginata contains a primitive group (Sec. Vaginata), an intermediate
group (Sec. Campylopoda), and an advanced group (Sec. Minuta).

understood. Some evolutionary tendencies that we
recognize are summarized below:

Characteristic Primitive Advanced
Host specificity Low High
Shoot size Large Small
Fruit maturation period  Long Short
Shoot longevity Long Short
Polymorphism High Low
Flowering group Direct Indirect
Branching type Verticillate Flabellate
Witches’ brooms Nonsystemic Systemic

By most of Gill’s criteria, A. pusillum and A.
douglasii are the most advanced species, and A.
vaginatum and A. campylopodum the most primitive.
We use the concepts of Davis and Heywood (1963)
that primitive groups are not necessarily ancient:
“Primitive or advanced groups may be ancient or
recent according to whether they became separate
entities early or late in evolution.” “Primitive”
merely connotes a character that occurs in both the
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modern species and its ancestors, while “advanced”
implies derived characters not present in ancestral
stock.

Wiens (1968) studied the flowering character-
istics of the New World dwarf mistletoes. He
hypothesized that the different flowering groups
arose as the genus moved northward from Mexico
(the present area of greatest species diversity) into
latitudes of greater annual variation in photoperiod.
He concluded that taxa with indirect, spring flower-
ing (A. americanum, A. douglasii, A. pusillum) were
derived from those with direct, summer flowering (the
campylopodum group, A. rubrum, and A. strictum),
which in turn are derived from those with direct,
spring flowering (A. abietis-religiosae, A. globosum,
A. verticilliflorum, and A. vaginatum).

Kuijt (1970) presents evidence that flabellate
branching pattern in Arceuthobium, common in
most North American taxa, is a derived character.
The more primitive, verticillate type of branching is



present in the two Old World species in which
this trait was studied (A. oxycedri and A. chinense).
The diminutive A. minutissimum, and the New
World A. pusillum, are so reduced that their basic
branching type is not determinable. In the New
World, A. americanum and A. abietis-religiosae
exhibit verticillate branching. Arceuthobium ver-
tictlliflorum is anomalous because the flowers are
verticillate, but the stems show no secondary
branching. However, Kuijt (1970) states the branch-
ing pattern in A. verticillifforum is basically
verticillate.

The formation of systemic (or isophasic) witches’
brooms (see p. 26) is an additional feature that
probably indicates an advanced degree of evolution.
Although systemic types of witches’ brooms are
occasionally induced by several dwarf mistletoes,
they are consistently formed by only five species:
A. pusillum, A. douglasti, A. guatemalense, and A.
americanum in the New World, and A. minutis-
stmum in the Himalayas. Some host-parasite com-
binations, where witches’ brooms are not consistently

formed, may represent a primitive state that pre-
ceded nonsystemic broom formation, which, in turn,
may have preceded systemic broom formation.
Systemic witches’ brooms seem to be of adaptive
advantage because they greatly increase the re-
productive potential of the dwarf mistletoe. By
formation of systemic witches’ brooms, the en-
dophytic system from a single seed can ramify
through hundreds of linear feet of host branches
and produce a profusion of shoots, flowers, and fruit.

Most dwarf mistletoes eventually kill their hosts,
but mortality occurs much sooner in some host-
parasite combinations than in others. Parasites
that are less lethal to their hosts are presumably
better adapted. This factor is apparently not re-
lated, however, to the relative stage of advancement
as measured by other factors. For example, A.
pusillum, A. americanum, and A. douglasit are
presumably advanced species, but are ultimately
very damaging to their hosts. However, this could
be explained if these species are relatively newly
evolved and neither the host nor the dwarf mistletoe
are yet co-adapted—the dwarf mistletoe for less
pathogenicity and the host for greater resistance.
Within the campylopodum group there are some
taxa that cause severe host mortality (for example,
A. laricis on Lariz occidentalis), and some in which
host mortality is relatively low (4. divaricatum
on pinyons).

We consider 4. pusillum and A. douglasii to be

the most advanced New World species, because they
exhibit the following features: (1) very small shoots,
(2) very specific host associations, (3) derived
flowering type, (4) flabellate branching, in A.
douglasii, and probably in A. pusidlum, and (5)
consistent formation of systemic witches’ brooms.
Conversely, the Mexican species, A. verticilliflorum,
probably represents the most primitive species
because of its (1) large shoots and extremely large
fruits, (2) less specific association, (3) primitive
flowering type, (4) verticillate branching, and (5)
formation of nonsystemic witches’ brooms.

Arceuthobium is primarily a parasite of Pinus,
since 22 of the 32 taxa occur principally on this
genus (see fig. 7). Of the 22 taxa, 15 parasitize
Diploxylon and 7 Haplozylon pines. Mirov (1967)
recognizes 73 Diploxzylon and 32 Haploxylon pines,
so about one-fifth of each group is parasitized. The
oldest known pine fossils are from the Jurassic period,
and even then the pines had differentiated into the
subgenera Haplozylon and Diploxylon, the former
possibly preceding the latter (Mirov 1967).

In both the Old and New Worlds, Pinus (Di-
ploxylon and Haploxylon) and Abies are hosts of
Arceuthobium. However, four other genera (Lariz,
Picea, Pseudotsuga, and Tsuga) that occur in both
hemispheres are parasitized only in the New World.
Juniperus, which is common throughout the North-
ern Hemisphere, is a host only in the Old World.
Keteleeria, a genus not found in the New World, is
parasitized in China.

We surmise that the primitive Arceuthobium
stock was a relatively large, verticillately branched
parasite of pines in northeastern Asia. Chromosomal
and morphological studies suggest that Korthalsella
is the closest related living genus, and that the two
genera arose from common ancestral stocks (Wiens
and Barlow 1971). One species, Korthalsella dacrydi,
ocecurs on conifers (Podocarpus) and even has mildly
explosive fruit (Danser 1937). Korthalsella is now
distributed from Hawaii through the South Pacific
to Africa (Danser 1937). Arceuthobium, conversely,
spread westward to the Mediterranean region, south
into Africa, and northeastward through the Bering
Straits region into the New World. In the New
World, the genus apparently found ideal conditions
for rapid expansion, and many new species evolved.
Generally, in the Tertiary period, the angiosperms
have evolved more rapidly than the gymnosperms
(Leopold 1967). Consistent with this trend, the
dwarf mistletoes probably evolved much more
rapidly than their coniferous hosts.
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SYSTEMATICS OF ARCEUTHOBIUM

Taxonomic Considerations

Arceuthobium has long been considered to be a
taxonomically difficult genus. This is primarily
because the genus has undergone extreme morpho-
logical reduction due to its parasitic habit. Also,
the general morphological aspects of all members
of the group are similar and there are few gross
discontinuous variables. Many of the morphological
features such as leaves and trichomes commonly
used in the classification of other mistletoe groups
are not present in the genus. In all species, the
flowers are small (2-4 mm. in diameter) and generally
similar in form.

Gill (1935) segregated the members of the Arceu-
thobtum campylopodum and A. vaginatum groups
into host forms, that is, “taxa delimited exclusively
on the basis of the host relationships, without regard
to biological parity.” Although Gill’s system pro-
vided an effective and facile method for naming the
various dwarf mistletoes, it obscured the systematic
difficulties in the group. Gill realized his classification
system was unnatural, but available data were too
limited for a more natural treatment. Gill noted
that the “forms are not all of equal rank in the
sense of being biologically distinet. Some are well-
developed strains showing a marked affinity for a
limited group of host species, while others are ad-
mittedly artificial categories, into which infrequent
or even accidental host relationships of the better
defined forms have been cast.” Gill further stated
that a system of forms based exclusively on hosts
“though without good taxonomic precedent, should
be tolerable as a temporary device, pending a com-
plete revision of the genus based on further field and
experimental evidence.” As will be shown, we con-
sider Gill’s host forms in Arceuthobium campylopodum
and A. vaginatum to be morphologically distinet;
hence, they warrant higher taxonomic rank.

Danser (1950) stated that the function of tax-
onomy is to classify life eycles. Danser was a student
of the Old World mistletoes, and how much his
experience with mistletoes influenced his thinking
is unknown. However, such a concept is particularly
well suited to the classification of Arceuthobium,
where general reduction and convergence of gross
features of the sporophyte have obscured the
relationships of the species. The idea that all aspects
of an organism are potentially useful taxonomically
is not new, but we have not seen the idea expressed
in quite the same context as Danser. We believe that
Danser’s idea of classifying life cycles provides a
useful theoretical model on which to base systematic
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studies. As a corollary, discontinuities between life
cycles should determine taxonomic units.

The term “life cycle” is used in this paper to
encompass all aspects of the biology of a dwarf
mistletoe, and includes interactions with host and
environment. All phases of the life cycle are con-
sidered here as potentially valid taxonomic criteria,
and the first priority is to determine the basic
features of the life cycle in the group and to isolate
discontinuities between them. The test of valid
discontinuities rests on genetic control and con-
sistency of occurrence. Other valid taxonomic
criteria we have considered are physiological char-
acters such as time of meiosis, anthesis, period of
seed dispersal, time of seed germination, host
specificity, and brooming response of the host
because they are measurable and consistent. We
therefore disagree with Davis and Heywood (1963)
who question the use of physiological characters in
taxonomy. Quantitative and qualitative morpho-
logical characters may also be utilized in classifica-
tion. The quantitative difference, while often small,
may be statistically and taxonomically significant.

Previous difficulties in the genus are therefore the
result of the extreme reduction and lack of precise
data on morphology and life cycles. There appear
to be few other plant groups in which a knowledge
of living populations is so essential for their
classification.

At certain stages of their life cycle, some dwarf
mistletoes may be difficult to identify. The herbarium
taxonomist, confronted by an individual specimen,
might well experience difficulty in identification
because of the particular stage of the life cycle
represented in the specimen before him. For example,
in a nonflowering specimen the time of anthesis
might not be obvious. Color, generally consistent
in living plants, may be altered in drying; A.
rubrum is a dark, shiny red in nature but becomes
dull brown when dried. Characteristics of habit,
obvious in living plants, such as A. globosum which
forms open spherical masses, may be completely
obliterated by careless pressing or fragmentation.
Because Arceuthobium is difficult to preserve and
fragments easily, general botanists seldom collect
these plants. Some suggestions for collecting and
curating dwarf mistletoes are given on page 61.

The monographer’s duty is to extensively study
the life cycles of various taxa to determine their
significant differences and similarities. Whether
these differences are easily discernible in a particular
specimen in no way affects their intrinsic taxonomic
value. The distinctions between classification and
ease of identification should not be confused.



Fortunately, characters such as host specificity may
provide an easy method of identification, but this
does not infer that our classification is based on hosts
alone, because no characters in our system are
weighted.

The key we have prepared reflects natural rela-
tionships, and includes characters manifest at
various stages of the life cycle. In addition, an
artificial key to facilitate identification is included.

Natural hybrids apparently do not exist in
Arceuthobium, so the taxa should be easily delimited
unless they represent intermediate stages of gradual
evolutionary divergence. In Arceuthobium the taxa
appear to be reasonably well defined, and significant
discontinuous variation occurs in a number of
characters. The amount of infra-taxon variation is
about what one would expect in a sexual, outcrossing
group. Even the subspecific categories appear to be
demarcated by relatively sharp discontinuities,
although of less magnitude than those separating
species.

Problems in Classification

Based on our exhaustive field observations and
experimental studies, we believe the taxa Gill (1935)
classified as host forms in the A. campylopodum
complex are distinct species. The most convincing
evidence to support our position is that when these
dwarf mistletoes occur on trees other than the principal
host, they maintain their morphological integrity and
are identifiable. Natural dwarf mistletoe crossovers
from principal hosts to secondary, occasional, or
rare hosts have been observed in all but 4 of the 13
members of the main A. campylopodum group (4.
apachecum, A. blumeri, A. guatemalense, and A.
dwaricatum,).

Various examples illustrate difficulties with Gill’s
host-form concept. At MecKenzie Pass, Oregon,
where Arceuthobium tsugense occurs on Pinus
albicaulis, Abies lasiocarpa, and the principal host,
Tsuga mertensiana, the parasities on all hosts are
identifiable as A. tsugense. Under Gill’s system,
however, three different names (f. cyanocarpum, f.
abietinum, and f. tsugensis, respectively) were
assigned according to the host plant. At Priest
River Experimental Forest, Idaho, A. laricis,
common on its principal host (Lariz occidentalis),
is also found on Pinus contorta and on three in-
troduced conifers, P. banksiana, P. resinosa, and
Picea abies. Here, too, the morphological integrity
of the dwarf mistletoe is retained. The host-form
concept is difficult to apply when dwarf mistletoes
occur on introduced hosts since, by definition, each
form is restricted to a specific host. Strict adherence
to such an unnatural system would require that a

new name be coined for each new host-parasite
combination.

Another disadvantage to Gill’s treatment is that
whenever more than one member of the 4. campy-
lopodum group parasitized the same host, all had the
same name. For example, where 4. campylopodum,
A. laricis, and A. cyanocarpum parasitized Pinus
ponderosa, all three were classified as A. campy-
lopodum f. camplyopodum. Each dwarf mistletoe,
however, is morphologically distinet on P. ponderosa
as well as on any other of its hosts. This evidence also
supports our contention that these are valid taxa
rather than host forms, because of discontinuous
variations among them.

In addition to morphological integrity, dwarf
mistletoes show definite host preferences, even
though they occasionally occur on trees other than
their principal hosts. The reasoning employed
when we assigned taxonomic ranks, particularly in
the troublesome A. campylopodum group, can be
illustrated by A. campylopodum and A. occidentale.
Pinus ponderosa and P. sabiniana, respectively, are
their principal hosts, and these dwarf mistletoes are
restricted to their principal hosts even where the
hosts of the other mistletoe occur sympatrically. This
could be interpreted as evidence that these dwarf
mistletoes simply represent ecotypic races; however,
morphological and physiological differences (other
than host) also characterize the two plants. Where
the two populations occasionally occur together,
the morphological type of each dwarf mistletoe
oceurs on its respective host. Arceuthobium occidentale
also oceurs on Pinus radiata and P. muricata, but not
P. ponderosa. In these cases, it is easy to identify as
that which predominately occurs on P. sabiniana.
Arceuthobium campylopodum, whose principal host
is the typical variety of P. ponderosa, is also found on
some other pines such as P. jeffreyr, P. attenuata,
P. coulteri, but not P. sabiniana. Again, the morpho-
logical and physiological characteristics of the dwarf
mistletoe remain relatively stable and identifiable.

The peak flowering periods of A. campylopodum
and 4. occidentale differ, but there is some overlap.
If mutual pollinating agents are available, gene
exchange should occur if the plants are crossable.
The problem of sympatry is complicated in parasitic
groups (Dobzhansky 1951). However, we consider
these two dwarf mistletoes to be sympatric because,
in terms of temporal and spatial characteristics,
gene exchange should be possible unless they are
genetically isolated. Although one is tempted to
weight sympatry in classification, we have not done
so since the present data show sufficient diversifica-
tion between the two taxa to warrant specific status.
All members of the A. campylopodum group are
sympatric with at least one other member of the
group (see fig. 6). In all cases the morphological
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integrity of each dwarf mistletoe is maintained.

Our research indicates that the number of species
in Arceuthobium is greater than that recognized by
previous workers. We believe two criteria are
fundamental in delimiting these taxa as species.
First, and perhaps most critical, is that dwarf
mistletoes maintain their morphological integrity
when growing on trees other than their principal host.
Secondly, taxa, recognized as species, are almost
always sympatric, yet show no evidence of
hybridization.

Some taxonomists may question why many taxa
we recognize as species should not be considered
ecotypes. Ecotypes are usually defined as genetically
distinet races physiologically adapted to localized
habitats and sometimes differentiated morpho-
logically, particularly by quantitative characters.
The taxa we recognize as species should not be con-
sidered ecotypes because of their morphological
integrity on nonprincipal hosts, and the lack of
intermediates between sympatric taxa. Also, ecotypes
are not reproductively isolated and usually are not
distributed as widely as the taxa we recognize as
species. A. microcarpum has the most restricted
range of any dwarf mistletoe outside of Latin
America; it is found only within a 300-mile area in
Arizona and New Mexico. Most dwarf mistletoes
have ranges at least twice this large. Conceivably,
some of the dwarf mistletoes we recognize as species
might correspond to regional ecotypes, but most
taxonomists consider regional ecotypes to be com-
parable to subspecies so the taxonomic treatment
would not be greatly different.

We believe that ecotypes occur in Arceuthobium,
but they do not exhibit the level of differentiation
of taxa we recognize as species or subspecies. Species
of dwarf mistletoe with more than one principal
host probably are ecotypically differentiated in
various parts of their range. For example, Pinus
ponderosa is one of the principal hosts of A. campy-
lopodum, and this tree is parasitized from Washington
to southern California. In parts of northern Cali-
fornia. and southern Oregon, however, where the
principal host of A. campylopodum is Pinus attenuata,

associated P. ponderosa is seldom infected. Within a
dwarf mistletoe, however, cross infection between the
principal hosts occurs. Therefore, we do not believe
a useful purpose is served by taxonomic recognition
of populations we consider as ecotypes.

Subspecific Classification

Subspecies in Arceuthobium are interesting because
they do not conform to commonly accepted defini-
tions. Geographically associated morphological vari-
ation occurs in two species of North American
mistletoes, A. gillii and A. vaginatum. Usually no
gradation of characteristics or ‘“‘shading-off” occurs
between the Arceuthobium population systems that
constitute subspecies, as is common in many plant
groups. The presence of discontinuous variation
between such population systems might suggest
that they should be species, even though the dif-
ferences are small. This situation might be com-
parable to that in Carexr where the species are often
based on small, yet apparently consistent, differ-
ences. We believe, however, that geographically
restricted populations, delimited by relatively few
but consistent variations, are best classified as
subspecific units.

In A. abietinum, we have used the category of
forma specialis, to avoid confusion with the usual
concept of forma which denotes morphological
distinction. Special forms designate physiological
races without morphological differences. Scharpf
and Parmeter (1967) have shown experimentally
that the dwarf mistletoe on Abies magnifica will not
infect Abies concolor, and vice versa. However, the
form on A. concolor will also infect Abies grandis,
and the form on A. magnifica will parasitize A.
procera (see discussion under A. abietinum). This
high specificity is confirmed from field studies in
mixed fir stands. If the races of A. abietinum could
parasitize either species of fir, their presence would
be expected in mixed stands where millions of dwarf
mistletoe seeds from each type of fir are deposited
yearly on the other species. Yet, cross infection does
not occur.

CRITERIA FOR CLASSIFICATION

In our treatment of Arceuthobium, we considered
many morphological, palynological, cytological,
physiological, and chemical features of the genus.
Some traits, for example, branching and flowering
season, are classical characters used by Engelmann
and Gill. Other characters such as pollen, flowering
group, and shoot pigments, have not been previously
used in the classification of the genus.
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Morphological Characters

Plant Size and Habit

Shoot size varies considerably within the genus
from a mean of about 0.5 em. for A. minutissimum
to over 70 cm. for A. globosum. Thus the size of



mature plants may be over 100 times larger in some
species than in others. Hooker (1886) reported A.
minutisstmum as the smallest dicotyledonous plant,
but Pilostyles thurber: (Rafflesiaceae), a parasite of
leguminous trees in Southwestern deserts, probably
is smaller.

Within a taxon, shoots on systemic witches’
brooms are somewhat smaller than nonsystemic
infections on the same host. In our descriptions,
(see Formal Taxonomy section) the shoot dimensions
for the most common situation for each species are
given; that is, for systemic brooms for A. ameri-
canum, A. douglasii, A. guatemalense, A. minutis-
stmum, and A. pusillum, but for nonsystemic
infections for all other taxa. Also, shoot dimensions
as given are for both pistillate and staminate plants.
Plants of one sex are occasionally larger than those
of the other, but the differences usually are not
significant.

Plant size varies somewhat because the vigor of the
dwarf mistletoe depends directly on the vigor of
the host plant. Mean dimensions shown for each
species are based on the most frequently observed
situations; in addition, we have indicated the tallest
shoots measured for each taxon.

Growth habit is a distinguishing character for
some species. Shoots may form dense spherical
masses (4. globosum and A. occidentale), be scattered
along the stem (as in most taxa), or so dense that the
host twigs are obscured (A. cyanocarpum and A.
apachecum).

Shoots

Gill (1935) used branching as a major taxonomic
character in classifying Arceuthobium. All species
have decussate primary branching (Kuijt 1970),
and in some taxa branching proceeds no further
(4. pusillum, A. minutissimum, and A. verticil-
liflorum). In most taxa, however, secondary branch-
ing is apparent and is of two basic types: verticillate
or flabellate (see fig. 1). Kuijt (1970) considers the
verticillate habit to be a primitive feature present
in the Old World taxa, 4. oxycedri, A. chinense, and
presumably in A. minutissimum, and in three New
World taxa, A. americanum, A. abietis-religiosae,
and A. verticilliflorum. The latter species does not
actually exhibit secondary branching, although
the flowers are verticillately arranged. The re-
maining New World taxa show flabellate branching.
A. pusillum, however, is so reduced that the basic
branching type eannot be determined, but it prob-
ably belongs in the flabellate group. Some taxa
show little secondary branching, for example,
A. rubrum (flabellate) or A. abietis-religiosae
(verticillate).

Internode dimensions are wuseful criteria for
distinguishing several species. We have consistently
used the third internode from the base for this
statistic. Length and standard deviation of the third
internode are given for cach taxon in the Formal
Taxonomy section. Frequently the basal and second
internodes are not normally elongated. Because
dwarf mistletoe shoots have a basal meristem, indi-
vidual shoot internodes elongate for several years.
For this reason, Kuijt (1970) has questioned the
validity of our use of internode dimensions as a
taxonomic character. However, the overall mature
internode dimensions among taxa differ so much
that internodal elongation does not negate the useful-
ness of the characters in certain cases (fig. 16). When
we analyzed the length/width ratio of the third
internode (table 14), we found less variation than
in length alone.

Some species show sexual dimorphism in shoot
characteristics. For example, the staminate shoots of
the two subspecies of A. gillii are more divaricate
than the pistillate ones. In A. strictum, the staminate
shoots show no branches in annual growth segments,

TABLE 14.—Length/width ratio of third internode of
the North American taxa of Arceuthobium

Taxon Length/width Number of
ratio collections

A. americanum- .. __________ 10.1:1 20
A. abietinum f. sp. magnificae- - . 8.8:1 5
A. occidentale_ - - _________ 7.1:1 11
A. californicum_ .- - _________ 7.0:1 8
A. abietinum f. sp. concoloris_ _ - 6.7:1 15
A. guatemalense_ _ - ___________ 6.7:1 3
A. microcarpum_ . _________ 6.2:1 9
A. dwaricatum_ - ____________ 6.1:1 19
A laricis. o _____________ 6.1:1 12
A. tsugense - . ___________ 6.1:1 15
A. hondurense________________ 6.1:1 3
A. campylopodum _ _ - ________ 5.6:1 27
A. abietis-religiosae - . ______ 5.5:1 4
A.blumeri. . ___________ 5.5:1 8
A. bicarinatum_ . ... _______ 5.2:1 5
A. apachecum________________ 4.8:1 12
A. cyanocarpum_ - ___________ 4.7:1 15
A. gilled subsp. gillii - - _____ 3.8:1 9
A. globosum_ _ _ _ _____________ 3.7:1 6
A.douglasi_ - . _____________ 3.6:1 29
A rubrum- .. 3.4:1 5
A . vaginatum subsp. durangense_ 3.3:1 5
A. gillii subsp. nigrum_ - ______ 2.9:1 6
A.vaginatum subsp. vaginatum _ _ 2.9:1 11
A. vaginatum subsp.

cryptopodum . .- __________ 2.5:1 25
A.pusillum__________________ 1.9:1 13
A.strictum - oo _________ 1.6:1 5
A. verticilliflorum .. . ________ 0.9:1 5
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Figure 16.—Length of the third internode of the New World taxa of Arceuthobium and the Old World 4. minutissi-

mum.

but the pistillate shoots are abundantly branched.

Several species can be readily distinguished by
shoot color (see color photographs). Shoot color is a
useful taxonomic character even though it may
vary slightly within a taxon, and the shade of the
staminate shoots may be different from the pistillate
shoots (for example, in A. campylopodum). Colors
range from black, purple, brown, red, orange, green,
to light gray, and carefully preserved dried specimens
usually retain the original color. An exception is 4.
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rubrum; the bright red living shoots become dull
brown when they are dried.

Shoots are typically erect, but they may be
somewhat pendant in the larger individuals of the
A. vaginatum group. Shoots of most species live for
many years, but only for 1 or 2 years in some of the
smaller species such as A. pusillum.

A single shoot axis that originates from a basal
cup characterizes all species except A. minutissimum;
in this species numerous shoots arise from the basal
cup.



Inflorescence

Characters of the inflorescence are of taxonomic
value. For example, the size of staminate spikes
prior to flowering is useful in separating some
members of the A. campylopodum group; the
branching pattern of the staminate spikes helps
distinguish the subspecies of A. vaginatum.

Buds and Flowers

The lateral staminate buds of A. douglasii and
A. americanum are spherical, but those of the other
taxa are lenticular.

The flowers are pedicillate in some taxa and sessile
in others. Gill (1935) used the “pedicillate joint” of
the staminate flowers as taxonomic features of A.
americanum and, to a lesser extent, A. douglasii.
IXuijt (1970) has shown that this “pedicillate joint”
is an annual dichasial unit. IXuijt (1970) first re-
ported pedicillate pistillate flowers on the main axis
in some taxa. We consider this feature to be of tax-
onomic value because it is present in some groups
(the A. campylopodum complex) and absent in
others (A. vaginatum, A. gillit, and A. globosum).

Both the staminate and pistillate flowers of
Arceuthobium are structurally simple and remarkably
uniform throughout the genus (Cohen 1968, 1970).

The color, size, and number of perianth lobes of the
staminate flowers are useful taxonomic characters.
The inner surface of the staminate flowers is the
same color as the shoots in all species except A.
abietis-religiosae, A. douglasiz, and A. hondurense.
The staminate flowers are about 2-3 mm. in di-
ameter for most taxa but average 4 mm. in A.
verticilliflorum. The lateral staminate flowers are
predominantly 3-merous except for A. verticilliflorum
(4-merous), A. guatemalense (2- to 3-merous), A.
blumeri (4- to 6-merous) and A. strictum (3- to 7-
merous). The terminal flowers are frequently 4-
merous in most taxa. Length and width of staminate
perianth segments, closely related to overall flower
size, are sometimes useful taxonomic characters.
Staminate flowers that do not fully expand is a
unique feature of A. rubrum.

A nectary or “central cushion” is present in the
center of each staminate flower (Cohen 1968).
We have not found any valid taxonomic features of
this nectary, although it is more prominent in some
specimens than in others.

Anthers
Anther diameter is discontinuously variable among

some species, and may be as large as 1 mm. in 4.
vertictlliflorum, and less than half this size in others.

Engelmann (in Watson 1880) used the location of the
anther on the perianth segment to help distinguish
some taxa, but our analvses indicate that this
character has little taxonomic value.

Fruit

The mature fruit in most species ranges from 3 to
5 mm., but is 15 mm. long in A. verticillificrum.
All species have bicolored fruits, and the relative
size of the proximal and distal portions is a useful
taxonomic character. The distal portion of the fruit
may account for 45 percent of the total fruit length
in A. gull7i, but only 25 percent in A. abietis-religiosae.
Dimensions of dried fruits are usually 15 to 25 per-
cent less than that of fresh specimens. Shrinkage is
more pronounced in the distal portion (25 to 35
percent) than the proximal portion (10 to 20 per-
cent). Thus the proximal/distal ratio tends to be
somewhat higher in dried plants.

The fruit surface, also useful in taxonomy, may
be either glaucous, nonglaucous and dull, or non-
glaucous and shiny. Seed size is directly correlated
with fruit size so it was not analvzed separately,
but it does vary among taxa.

IKuijt (1970) noted that some species, for example,
A. bicarinatum, typically have one or two sterile
nodes just below the terminal fruit on the main
axis of each pistillate shoot. This condition was
evident in all populations of A. bicarinatum we have
studied.

In most taxa, the base of the mature fruit fuses
smoothly into the receptacle of the pedicel. In 4.
guatemalense and A. vaginatum subsp. durangense,
however, the receptacle, slightly wider than the base,
forms a characteristic ring at the base of the fruit.

Palynological Characters

No comprehensive pollen studies have previously
been made in Arceuthobium, although pollen grains
of a few taxa have been measured or illustrated:
A. chinense (Lecomte 1915), A. minutissimum
(Bhandari and Nanda 1968), A. oxycedri (Erdtman
1952, Heinricher 1915a), and A. pusillion (Gill 1935,
Pomerleau 1942, Whitehead 1963, Whitehead and
Barghoorn 1962).

Our preliminary findings arc reported here, but
we plan to publish details later. In collaboration
with Dr. Estella B. Leopold of the U.S. Geological
Survey, we plan to use standard palynological
techniques, including electron scanning photo-
micrography, to analyze all members of the genus.

We have examined all Arceuthobium taxa, although
some of our study samples were meager. We analyzed
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one to eight collections of each taxon and measured
at least 10 pollen grains in each collection. Our
analyses here are based primarily on the appearance
of dried pollen grains mounted in glycerin; however,
we have used the electron scanning system to
study two taxa, A. pustllum and A. verticilliflorum.

The pollen grains of Arceuthobium can be easily
distinguished from other genera (Erdtman 1952).
Approximately 20 to 30u in diameter, the grains are
roughly spherical in shape, but the equatorial diame-
ter is 5 to 15 percent larger than the polar diameter
(fig. 17). The grains are divided into six alternating
spined and smooth sections that converge at the
poles. The grains are 3-colpate (grooved), and as the
pollen dries, these colpae become deeply grooved.
Lying parallel to the colpae on the intervening
walls are three pseudocolpae, or short grooves, which
do not reach the poles, but become more prominent
during drying.

We have confirmed Gill’s (1935) suggestion that
pollen characteristics might be of taxonomic value,
although we did not find, as he reported, that A.

i.r IE:'
; d —_— S — r —
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pusillum has larger pollen grains than the other
species. In our studies, pollen diameters ranged
from a mean of 18y in A. minutissimum to 28u in
A. verticillifiorum. Intra-taxon variation is usually
limited to within 1 or 2x of the mean. Another readily
measured pollen feature of taxonomic value is the
height of spines in relation to wall (exine and intine)
thickness. In some species the spine height may be
three times the wall thickness (A. tsugense), while
in others the wall thickness greatly exceeds the spine
height (A. verticillifiorum). These taxa and a few
others are so distinet that they may be identified
solely on the basis of pollen characteristics.

Our electron scanning photomicrographs of two
species reveal detail in Arceuthobium pollen grain
morphology (fig. 18) that has not been apparent in
light microscope studies. For example, the wall of the
grain in A. pusillum is scabrate (with low, widely
spaced warts), while the wall in A. verticilliflorum
is more uniformly roughened. The spines of A.
verticilliflorum are smaller and less abundant than
those of A. pusillum. Spines are absent in the grooves

B
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Figure 17.—Arceuthobium pollen grains: A, Diagrammatic drawing of pollen. Upper, polar aspect showing cross-
sectional and external views. Lower; lateral aspect showing cross~-sectional and cxternal views. B, Arceuthobium
americanum pollen showing polar (upper) and lateral views.
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in A. verticilliflorum but present in A. pusillum. Also,
the bases of the spines seem to be more distinet with
vertical sides in A. pusillum but are more spreading
in A. verticilliflorum.

Cytogenetical Characters

The chromosome number of all dwarf mistletoes
studied is n = 14 (fig. 19), and the base generic

chromosome number is considered to be z = 14.
In the New World, Dowding (1931) first reported
n = 14 for Arceuthobium americanum which Wiens
(1964) confirmed. Wiens also obtained the same
number for five additional taxa, and in 1968, re-
ported counts for 10 additional New World taxa.
Chromosome counts for 12 more taxa are included
in this paper, so 23 of the 28 New World taxa have
now been studied. The five taxa not yet examined

Figure 18.—FElectron scanning photomicrographs of Arceuthobium pollen: A4, Pollen of A. pusillum; B, Detail of
spines and pollen surface; C, Pollen of A. verticilliflorums D, Detail of spines and pollen surface. Photographs
provided through the courtesy of Drs. Estella B. Leopold of the U.S. Geological Survey, and Charles Drew of the
U.S. Navy Department.
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Figure 19.—Chromosomes in Arceuthobium gillii subsp.
gillii at carly meiotic metaphase. Magnification ea. 950.

include two Mexican species (A. globosum and A.
rubrum), the Central American A. guatemalense,
and two subspecies of A. vaginatum (subsp. vaginatum
and durangense).

In the Old World, only A. oxycedri has been
studied eytologically (Pisek 1924). This species is
apparently n = 14, but Pisek also reported the
existence of n = 13.

Although the chromosome numbers in Arceu-
thobium are consistently n» = 14, preliminary
observations suggest that other karyotypic differ-
ences may distinguish some species. For example,
A. douglasii and A. gillid possess a bivalent signifi-
cantly smaller than other members of the genome.
Both species undergo meiosis in late summer but
flower in late winter or early spring of the following
year. Initial observations of A. americanum and A.
pusillum, which have similar patterns of meiosis and
flowering, did not show small bivalents, although
most of the meiotic cells examined did not spread
well, and a small bivalent could have gone un-
detected. The karyotypes of these two species
should be examined with regard to this karyological
feature.

A thorough karyotypic study of the dwarf mistle-
toes would be a useful contribution to our knowledge
of the group. The difficulties of obtaining mitotic
cells in large numbers, however, pose technical
problems. For example, there are no root tips, in the
usual sense, but the dwarf mistletoes have a basal
meristem similar to grasses, which is active primarily
in the spring. The radicular apex of the developing
embryo and axillary buds were investigated as a
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possible source of mitotic cells, but mitosis was too
sporadic and occurred in numbers too small for
effective karyotypic work (Wiens 1968). The
radicular apex of germinating seeds might contain
mitotic cells, but this source has not been fully
investigated.

Physiological Characters

Phenology

Gill (1935) used time of flowering (spring vs.
summer) as a principal taxonomic character. His
“summer” flowering group (the campylopodum
group) contains some significant interspecific varia-
tion. For example, A. occidentale flowers as late as
November or December, and A. californicum flowers
as early as June (fig. 20).

A taxon generally flowers at given periods each
year, although normal altitudinal, latitudinal, and
seasonal variation occurs. For the summer or fall
flowering species, flowering usually begins at the
higher elevation first (Scharpf 1965) while the
opposite seems to be true for the spring flowering
taxa.

Whether meiosis occurs immediately before flower-
ing or 5 to 8 months preceding anthesis is an im-
portant taxonomic criterion not previously utilized
in this genus. Wiens (1968) has established three
basic flowering groups in Arceuthobium (table 15):
Group I, spring flowering species that undergo
meiosis directly preceding anthesis; Group II, mid-
or late-summer flowering species that undergo
meiosis directly preceding anthesis; and Group I1I,
spring flowering species that undergo meiosis
during the preceding late summer or early fall. Group
Ia was established for A. gillii and A. verticilliflorum
which undergo meiosis in late summer and flower
in early spring, a characteristic in which they
resemble the species in Group III. General floral
development and other traits, however, appear to
place the two species in a transitional position
between Groups I and II.

Time of sced dispersal and fruit maturation
periods are useful taxonomic ecriteria. Relatively
consistent for a given taxon, peak seed dispersal
may oceur as early as July in 4. globosum or as late
as November to January in A. occidentale (fig. 21).
Also, fruits of A. pusillum mature in about 5 months,
while those of all other taxa require at least 12
months; fruits of A. gilliz require 19 months to
reach maturity (fig. 22).

Too little data are available to attach taxonomic
significance to time of seed germination and length
of the incubation period (time from infeetion until



TaBLE 15.—Flowering groups in the North American dwarf mistletoes (Wiens 1968)

Group I
(direct flowering)
February-April

Group Ia
(indirect flowering)
February-March

Group III
(indirect flowering)
February-May

Group II
(direct flowering)
July—September

. abietis-religiosae?

. globosum

. vaginatum subsp. vaginatum

. vaginatum subsp. cryptopodum
. vaginatum subsp. durangense

A. verticilliflorum

N N

A. gilld subsp. gillit
A. gilli subsp. nigrum

A. americanum
A. douglasit
A. pusillum

A. abtetinum f. sp.
concoloris

A. abietinum f. sp.

magnificae

. apachecum

. bicarinatum

. blumers

. californicum

. campylopodum

. cyanocarpum

dwaricatum

guatemalense

hondurense

laricis

. microcarpum

. occidentale

. rubrum

. strictum

. tsugense

GGG S

initial shoot appearance). A. gualemalense, A.
vaginatum subsp. cryptopodum, and probably other
southern species germinate in the fall, while all
North American species in the temperate zone
germinate in late winter or spring.

Hosts

The host, important in the classification of dwarf
mistletoes, was discussed earlier. In most instances
a dwarf mistletoe will be collected on its principal
host. If a collection is made on other hosts, it is
important for identification to record the principal
host in the immediate vicinity. For example, if a
mistletoe ocecurs on Pinus flexilis, it is usually A.
cyanocarpum. However, if the dwarf mistletoe is a
rare crossover of A. americanum, information that
the mistletoe was rare on Pinus flexilis, but common
on associated Pinus contorta, would help to identify
the parasite. Situations are relatively rare where two
species of dwarf mistletoe are both common in a
given stand and, in such situations, crossovers are
extremely rare.

Witches’ Brooms

The dwarf mistletoes cause two basic types of
witches’ brooms, systemic or nonsystemic (see p. 26).
Since the type formed is usually consistent with a
host-parasite combination, this taxonomic feature
can be used to help classify the species. Five taxa

(A. americanum, A. douglasit, A. guatemalense, A.
minutisstimum, and A. pusillum) consistently cause
systemic brooms. Most other taxa cause the non-
systemic type. In Guatemala, A. globosum forms
witches’ brooms, but in Mexico it does not. Witches’
broom formation is not exhibited, or is inconspicu-
ous, in these host-parasite combinations: A. di-
varicatum on Pinus monophylla, A. blumert on Pinus
strobiformis, and A. occidentale on Pinus sabiniana.

Chemical Characters

Our analysis of the phenolic constituents of
Arceuthobium is the first comprehensive chemo-
taxonomic study in the mistletoes.

Greenham and Leonard (1965), who compared the
amino acids of three dwarf mistletoes (4. abietinum
f. sp. concoloris and magnificae and A. occidentale)
with their respective host trees, reported some
similarities in amino acid composition between
host and parasite, but their results did not help
explain host specificity.

Relatively little information on the phenolics of
the mistletoes is available; hence, we are presenting
a brief review of the known literature.

ViscaceAae.—Bate-Smith (1962) made preliminary
studies of the phenolic compounds in the European
Arceuthobium oxycedri and Viscum album. Kuang-
TFang and Shih-Chueh (1957) recorded four flavo-
noids in V. album subsp. coloratum from China.
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Figure 20.—Approximate periods of anthesis for the New World dwarf mistletoes.

LorANTHACEAE.—Some phenolic  constituents
have been isolated from the Australian species
Nuytsia floritbunda (Bate-Smith 1962), and from
two South American mistletoes Psittacanthus cunei-
folius and Phrygilanthus flagellaris (Graziano,
Widmer, Juliani, and Coussio 1967; Widmer and
Coussio 1969). Several Asian species have also been
studied, and the flavonoid quercitin has been found
in Loranthus penlandrus and L. globosus (Wester
1921). This flavonoid and arabinoside have been
reported in Loranthus parasiticus (Kuang-Fang and
Chung-Liang 1957). Khanna, Viswanathan, Tewari,
and others (1968) found a relatively high concen-
tration of phenolics in the mistletoe Dendrophthoe
falcata and two other parasitic angiosperms in India.
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A relatively wide range of shoot colors is known in
Arceuthobium. Although there is some infraspecific
variation, shoot color is relatively constant within a
species. We attempted to determine whether these
color differences were associated with specific
pigments.

Preliminary analyses indicated that a dark
species (A. rubrum) contained anthocyanins, whereas
a yellow species (4. strictum) did not. These frag-
mentary data suggested that anthocyanins might
be positively correlated with the dark coloration
(red or black) characteristic of many species, and
negatively correlated with the lighter coloration
(greens, yellows, and oranges) of others. We then
surveyed all dwarf mistletoe taxa to determine the
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Figure 21.—Approximate periods of seed dispersal for the New World dwarf mistletoes.

relationship between anthocyanin content and
shoot coloration. In addition, we evaluated several
additional phenolic compounds (flavones, flavonols,
and cinnamic acid derivatives) because they could be
chromatographically isolated from the original
extracts in ethyl acetate along with the anthocyanins,
and appeared to be valuable taxonomic characters in
classification of Arceuthobium. Alston, Rosler, Naifeh,
and Mabry (1965) found the phenolic compounds
to be of chemotaxonomic value because, at least for
the flavonoids, Mendelian mechanisms apparently
govern their qualitative differences.

Methods

The tissue utilized for extraction represented
approximately the terminal centimeter of growth,
and was obtained from staminate herbarium ma-

terial. The internodes were ground to powder with a
mortar and pestle with the aid of glass beads. The
phenolic compounds were extracted in 5 ml. of 1
percent hydrochloric acid (HCl) in absolute
methanol (v/v), followed by four additional washes
of the same volume. The extracts were then com-
bined and concentrated at 40°C. to approximately
3 to 4 ml. by evaporation into nitrogen. After
initial concentration, approximately 5 ml. of 0.5
percent aqueous HCl was added and the solution
then reconcentrated to about 2 ml. Carotenoids were
removed by phasing with petroleum ether (30-60°C
fraction).

Non-anthocyanin phenolic compounds were re-
moved from the aqueous phase with ethyl acetate.
The organic phase was then back extracted with
0.5 percent aqueous HCL

The extracts were immediately applied to What-
man #3 MM chromatographic paper with finely
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Figure 22.—Approximate fruit maturation periods for the New World dwarf mistletoes.

drawn Pasteur pipets. For one-dimensional chroma-
tography, the extracts were applied in strips 3 em.
long. For two-dimensional development, they were
applied in spots about 2 em. in diameter.

The anthoceyanin-containing fraction was chroma-
tographed in water: glacial acetic acid:12 N HCI in
the ratio 82:15:3 (v/v). Development time was 18
hours. The ethyl acetate fraction was chroma-
tographed in 15 percent aqueous acetic acid (v/v)
for 6 hours. The various bands were consistently
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discernible under 3440 A° ultraviolet (UV) light
both before and after drying.

Results

All species and subspecies of Arceuthobium, except
A. chinense and A. pini, were analyzed chromato-
graphically (table 16). These data must be con-
sidered as preliminary, however, because of the
small number of individuals analyzed in some species,



and because the bands are only tentatively identified.
Furthermore, the ethyl acetate fraction contained
many compounds which cochromatographed in 15
percent aqueous acetic acid, but were separable
when developed in the second dimension with
BAW (12:3:5). In the numerical analyses, however,
these paired bands were scored as unit characters,
as were the chromatographically pure bands. No
attempt was made to analyze quantitative differ-
ences, although these were sometimes obvious. The
chromatogram of A. microcarpum (fig. 23) contains
most of the flavonoid compounds presently known
in Arceuthobium, and shows the band numbering
system used in our studies.

AntHOCYANINS.—The aqueous phase that re-
mained after extraction with ethyl acetate contained
up to three magenta bands discernible in visible
light. After hydrolysis, the aglycon from each band
was shown to be cyanidin. This conclusion was
derived from the results of cochromatography with
authentic cyanidin in several solvent systems, and of
UV and visible spectrophotometry.

The specific distribution of cyanidin is interesting
because it occurs not only in all species with dark
coloration, which we suspected, but also in many
which are yellow, greenish yellow, or orangish in
coloration.

FravonoLs.—A conspicuously yellow fluorescing
band (Y), observable under UV, contains two com-
pounds, one of which is probably quercitin, as
determined by cochromatography with known
quercitin. The second component of the band is un-
known, but may be derived from kaempferol.
The unknown band YO has some flavonol-like
properties, and, in at least two species (A. campy-
lopodum and A. microcarpum) is separable into two
compounds when developed in the second dimension
in BAW (12:3:5). The yellow fluorescing band, along
with the BG bands of putative cinnamic acid deriva-
tives (vid infra), are of nearly universal occurrence
in the populations studied. Band Y occurred con-
sistently in every sample except A. vaginatum subsp.
durangense. The single and rare YG band is also
tentatively placed here.

FrLavones.—The most interesting feature of the
chromatograms viewed under UV is the occurrence of
4 (rarely 5 or 6) purple bands (A bands) that appear
to be glycosides of flavones. These bands turn yellow
with age or when fumed with ammonia. Preliminary
observations in A. microcarpum show that bands A,
and A; are separable into two compounds when
developed in the second dimension. Also, the single
D band, presently unique to A. guatemalense,
probably belongs in this group of compounds.

The flavones exhibit more discontinuous variation
and perhaps less infrataxon variation than most of

Al

A2

A3
A4

B4

B5
Bé

et ®

solvent
front

Figure 23.—Chromatogram of
Arceuthobium microcarpum
showing typical separation of

compounds soluble
acetate.

in ethyl
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the other chemical classes; they are totally lacking
in A. bicarinatum, A. vaginatum subsp. cryptopodum
and subsp. durangense, A. oxycedri, and A. rubrum.
This group of compounds might provide the best
possibility for further chemotaxonomic study in
Arceuthobium.

CINNAMIC ACID DERIVATIVES.—A conspicuous
feature of most chromatograms of Arceuthobium
extracts is a series of bright blue fluorescing bands
(B bands) which are probably cinnamic acid deriva-
tives. With two exceptions, all B bands appear to
contain single components. The exceptions are the
B; and B¢ bands which are separable in the second
dimension in A. campylopodum, A. microcarpum, and
A. minutissitmum. These two bands are also difficult
to separate in the single dimension, and were arbi-
trarily scored as B; unless, as in the three cases
mentioned, the results of second dimension chro-
matograms confirmed the existence of both bands.
As with the A bands, this group of compounds
displays considerable interspecific diversity. Several
species contain none of these presumed cinnamic
acid derivatives: A. bicarinatum, A. gillii subsp.
nigrum, A. rubrum, A. vaginatum (including all of its
subspecies), and A. verticilliyflorum; A. gilii subsp.
gillii contains only a single blue fluorescing band,
which was found in only one of four populations
analyzed.

In addition to the bands fluorescing bright blue,
two additional bands fluorescing a light blue green
under UV are tentatively placed in this class of
compounds. The most significant aspect of the BG
bands is their occurrence in every species analyzed
and in all but two of the populations sampled.
I'urthermore, both of these bands are separable when
chromatographed in the second dimension.

Discussion and Conclusions

Anthocyanins were found in all the species with
dark-colored shoots, and more than half of the light
colored ones (table 16). We also found a light
magenta color pattern in the living staminate
flowers of two light-colored species that resembled
the anthoeyanin bands we had isolated chromato-
graphically from their shoots. Since the color pattern
is evident in the outer portions of living staminate
flowers of A. americanum and A. douglasii, we suspect
its function is to visually attract pollinators (appar-
ently Diptera in these species). We plan to study the
living flowers of all the light-colored species to deter-
mine if a similar light magenta coloration might
be present.

CHROMATOGRAPHIC VARIATION.—Three aspects of
variation were considered: qualitative, quantitative,
and comparison of living and dead specimens.

Qualitative infrataxon variation in chromat-

ographic patterns (presence or absence) often oc-
curred among the populations of a particular species.
To determine the extent of such variation within a
species, 34 populations of A. americanum were
analyzed. The variables included: (1) hosts—
Pinus contorta (two subspecies), P. ponderosa, and
P. banksiana; (2) geographical distribution—West
Coast, and the southern Rocky Mlountains to
central Canada; (3) time since collection—specimens
collected a few days to over 50 years before analysis;
and (4) season of collection—most months. Analyses
showed that 30 of the 34 populations of A. ameri-
canum were qualitatively uniform (table 16). In the
four chromatograms that varied, the variation was
due to the visible anthoceyanin band 2, and the bands
of phenolic compounds visible under UV (Bs;, By, Ag),
with the most obvious variation in the B; and B,
bands. The A; and A, bands are in close proximity,
and when small quantities of the compounds are
present interpretation becomes difficult, but some
variation was suggested in our samples.

Quantitative variation in virtually all of the bands
was a common feature of the chromatograms.
Detecting compounds at low levels of concentration
probably introduced some variability in the results.

The Y band, which contains two quantitative
phases, was consistently detectable (except in some
samples of A. vaginatum subsp. durangense). We
thought the lighter phase might indicate the presence
of only one of the two compounds that compose this
band (see Results) but when a sample of A. ameri-
canum that contained the light phase was chro-
matographed in the second dimension, the Y band
still separated into two parts.

Although both qualitative and quantitative varia-
tion exists in the chromatographic patterns of
dwarf mistletoes, our experience with A. americanum
suggests that, where large samples are available,
chemical data can provide reliable taxonomic infor-
mation. The data could also be more useful if two
dimensional analyses were available for each
compound.

To determine whether chromatographic variation
existed, we analyzed living and dried shoots from a
putative clone of A. americanum. The chromat-
ograms varied little, except that the BG; band,
apparent in all dried samples, was noticeably absent
in the live specimens, which suggests that it may be a
degradation product. Also, in the chromatogram for
the living shoots, a single band fluorescing yellow
under UV oceurred between the BG; band location
and the A band.

TaxonNomIiCc IMPLICATIONS.—Although the chem-
ical data do not show discontinuous variation among
all taxa, many species are distinct chromatograph-
ically, and can be readily identified by this means.
A. americanum is the only species we intensively

55



analyzed, but our preliminary studies indicate
that comparable differences will be obvious when the
other taxa are studied.

A. bicarinatum, one of the most chromatograph-
ically distinctive of all dwarf mistletoes, lacks all
the A and B bands, and although we first confused
A. hondurense with A. bicarinatum, the chromat-
ographic differences we found suggested these two
taxa were specifically distinct.

Other species such as A. abietis-religiosae, A.

rubrum, A. strictum, and A. wvaginatum subsp.
cryptopodum and durangense are similar chro=
matographically; they lack the A bands but are
distinctive in other ways. Although all five are Mexi-
can species, they do not appear to form a phyletic
group, but are scattered throughout various sub-
genera and sections. Thus, although certain species
appear to be mutually distinet chromatographically,
no chromatographic features seem to be associated
with the various subgeneric groupings.

NUMERICAL ANALYSES

The use of computer techniques in taxonomy
(taximetrics), essentially a development of the
1960’s (Sokal and Sneath 1963; Rogers, Fleming, and
Estabrook 1967), is a powerful new tool for making
taxonomic decisions. Although some classical tax-
onomists view this development with suspicion, most
numerical taxonomists have emphasized that taxi-
metric analyses will supplement but not replace
conventional systematics techniques (Rogers and
Appan 1969). How good the taximetric analyses are
for a particular group depends on the taxonomist’s
ability to discern significant characters in the group
and to separate them into meaningful states. Both
the numerical taxonomist and the classical taxono-
mist need to thoroughly understand the group in
question before they can make systematic decisions.

Methods

The Graph Theory Clustering Program? is the
computer technique we found best suited to analyze
our extensive taxonomic data (table 17). We made a
preliminary taximetric analyses of the characters of
Arceuthobium (Hawksworth, Estabrook, and Rogers
1968), then chose the following taximetric methods
for classifying the species:

1. On the basis of our field and herbarium experi-
ence with the dwarf mistletoes, we selected a number
of qualitative and quantitative characters that we
considered taxonomically significant. Because these
plants are leafless and extremely reduced morpho-
logically, we emphasized other types of characters
in addition to morphological ones.

2. Each selected character was subdivided into 2
to 18 states, depending on the range of variation
shown in the particular character. The number of

17 Details of the Program and its application are summar-
ized in Estabrook 1967; Estabrook and Rogers 1966: Irwin
and Rogers 1967; Rogers and Appan 1969; and Wirth, Esta-
brook, and Rogers 1966.
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states we selected for each character was based on the
work by Rogers and I'leming (1964) and Estabrook
and Rogers (1966).

3. We adjusted the number of states for each
character so the range of overlap (Estabrook and
Rogers 1966) was either one or zero. This overlap
value, for example, is used for shoot height (character
No. 2, table 17), where three states are based on the
relative height of the staminate and pistillate shoots:
(1) staminate shoots tallest, (2) staminate and
pistillate shoots about the same, and (3) pistillate
shoots tallest. Examination of many collections
showed that within a taxon, ratings were usually 1
and 2, but not 3; other taxa were rated as either 1, 2,
or 3; while others were 2 and 3, but not 1. Thus an
overlap value of 1 was assigned, which indicates
that only states that are more than 1 unit apart
(or in this instance states 1 and 3) are computed as
different. In many other characters, (for example,
Principal hosts, character No. 38, table 17) an over-
lap value of zero is used, which indicates that differ-
ences in any two states are calculated as equally
distinct.

4. The 60 characters used in this study (see table
17) are divided as follows: shoots (12), flowers (11),
pollen (5), fruit (5), phenology (4), hosts and host
reactions (3), and shoot pigments (21).

5. In the analyses we gave all characters equal
weight because of the difficulty of assigning meaning-
ful weights to the various characters. As will be
shown, however, certain characters contain much
more taxonomic information than others and thus
contribute more to the resulting classification.

6. A total of 212 specimens representing all known
28 North American taxa were examined and rated
in each of the 60 characters. The number of speci-
mens per taxon varied from 12 to as few as 3 in some
of the seldom-collected Central American and Mexi-
can taxa. The specimens were selected on the
following basis: (a) those that yiclded the most
information, and (b) those that represented the



TasLE 17.—Characters and states used in taximeltric studies in Arceuthobium

SHOOTS:

1.

Mecan plant height 5.

(overlap—1 unit)
. Less than 1 cm.
1-2 cm.

3-5 cm.

6-10 cm.

11-13 cm.
14-18 cm.

R e N

. Over 24 cm.

. Shoot height

(overlap—1 unit)

1. Staminate shoots tallest
2. About the same

3. Pistillate shoots tallest

. Mean basal diameter 7.

(overlap—1 unit)
1. 0.1 cm.
. 0.2 cm.
0.3 cm.
0.4 cm.

0.6 cm.
0.7 cm.
. Over 0.8 cm.

%NS o e

Third internode length 9.

(overlap—1 unit)
1. 1.0-2.9 mm.

. 3.0-4.9 mm.
5.0-6.9 mm.
7.0-8.9 mm.
9.0-10.9 mm.
11.0-12.9 mm.
13.0-14.9 mm.
. 15.0-16.9 mm.
. Over 17.0 mm.

©ONS TR W

FLOWERS:

13.

14.

Staminate floral buds 15.

(overlap—none)

1. Spherical

2. Lenticular

Pre-flowering lateral staminate
sptkes—length

(overlap—1 unit)

. None

. 1-2 mm.

5-6 mm.

7-8 mm.
9-10 mm.
11-13 mm.
14-16 mm.

. Over 17 mm.

© 0N O N

19-23 cm. 6.

0.5 cm. 8.

3-4 mm. 16.

Third internode widih
(overlap—1 unit)

. Up to 1.0 mm.

. 1.1-2.0 mm.

. 2.1-3.0 mm.

. 3.1-4.0 mm.

. 4.1-5.0 mm.

. 5.1-6.0 mm.

Third internode length/width ratio
(overlap—1 unit)

1. Less than 2.0

2. 2.1-4.0

3. 4.1-6.0

4. 6.1-8.0

5. Over 8.1

Branching
(overlap—none)

1. No accessory branches

O W N

2. Accessory branches sometimes ver-

ticillate

3. Accessory branches always flabellate

Sexual dimorphism
(overlap—none)

1. Branching similar
2. Branching different
Shoot color
(overlap—none)

1. Pistillate and staminate shoots of

same color

2. Pistillate and staminate shoots

of different color

Pre-flowering lateral staminate

spikes—width

(overlap—1 unit)

None

. 1 mm.

2 mm.

3 mm.

4 mm.

5 mm.

Staminate flowers

(overlap—none)

1. Verticillate

2. Opposite, with pedicellate
joints

3. Opposite, no pedicellate
joints

SO N

10. Color of pistillate shoots
(overlap—1 unit)

. Green

. Yellow

1

. Orange

Red

Purple

1

. Brown
1

10. Black
11. Shoot density
(overlap—none)

© 0N DO W

1. Shoots densely clustered around host

branch

2. Shoots not densely clustered around

host branch
12. Overall plant shape
(overlap—none)
1. Plants in globose masses
2. Plants not as above

. Number of staminate perianth segments

(overlap—1 unit)

. 2 or 3 (approx. equally divided)
. All 3's

. Mostly 3, few 4’s

. 3 or 4 (approx. equally divided)
. Mostly 4, few 3’s

~N oUW~

. Mostly 5 or more.
. Staminate flower diameter
(overlap—1 unit)

. 1.0-1.4 mm.

. 1.5-1.9 mm.

. 2.0-2.4 mm.

. 2.5-2.9 mm.

. 3.0-3.5 mm.

Tt W N

. 3,4, or 5 (approx. equally divided)
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TaBLE 17.—Characters and states used in taximetric studies in Arceuthobium—Continued

6. Over 3.5 mm.
19. Anther diameter
(overlap—1 unit)
1. 0.3-0.4 mm.
2. 0.5-0.6 mm.
3. 0.7-0.8 mm.
4. 0.9-1.0 mm.
20. Anther distance from perianth
tip (overlap—1 unit)
1. 0.3-0.4 mm.
2. 0.5-0.6 mm.
3. 0.7-0.8 mm.
4. 0.9-1.0 mm.

POLLEN:
24. Length
(overlap—1 unit)
. 18-19u
. 20-21p
22-23u
24-25,
26-27u
. 28-29u
25. Wudth
(overlap—1 unit)
1. 18-19u
2. 20-21u
3. 22-23u
4. 24-25u
5. 26-27u
. 28-29u
FRUIT:
29. Surface
(overlap—none)
1. Glaucous
2. Nonglaucous, dull
3. Nonglaucous, shiny
30. Length
(overlap—1 unit)
1. 2 mm.
2. 3 mm.
3. 4 mm.
4. 5 mm.
6
7

N

(=]

1

. Over 10 mm.
PHENOLOGY:
34. Peak flowering period
(overlap—1 unit)
. March-April
. May-June
. July
. August
. September
. October or later
35. Peak seed dispersal period
(overlap—1 unit)
1. July
2. August
3. September
4. October
5. November or later

S O N

21.

22.

23.

26.

27.

31.

32.

36.

37.

Staminate perianth length
(overlap—1 unit)

1. 0.6-0.9 mm.

2. 1.0-1.3 mm.

3. 1.4-1.7 mm.

4. Over 1.8 mm.
Staminate perianth width
(overlap—1 unit)

1. 0.6-0.9 mm.

2. 1.0-1.3 mm.

3. 1.4-1.7 mm.

4. Over 1.8 mm.
Pistillate flowers
(overlap none)

1. Verticillate

2. Opposite

Spine length
(overlap—1 unit)
1. 0.5-0.9u

2. 1.0-1.4u

3. 1.5-1.9u

4. 2.0-2.5u

Wall thickness
(overlap—1 unit)
1. 0.5-0.9u

2. 1.0-1.4u

3. 1.5-1.9u

4. 2.0-2.4u

Distal portion as percent of total fruit
length (overlap—1 unit)

1. 21-25 percent

2. 26-30 percent

3. 31-35 percent

4. 3640 percent

5. 41-45 percent

Sterile nodes near tips of pistillate shoots
(overlap—none)

1. Present

2. Absent

Mean fruit maturation period
(overlap—1 unit)

1. ca. 5 months

2.1

3. ca. 12 months

4. ca. 13 months

5.1

6. Over 14 months

Time of metosis in relation to flowering
(overlap—none)

1. Spring flowering, spring meiosis

2. Winter flowering, fall meiosis

3. Summer flowering, summer meiosis
4. Spring flowering, fall meiosis

28.

33.

Spine/wall ratio
(overlap—1 unit)
0.3-0.7
0.8-1.2
1.3-1.7
1.8-2.2
2.3-2.7

. 2.8-3.2

. 3.3-38

No o

Pedicellate fruits on main axis
(overlap—none)

1. Common

2. Occasional or rare

3. None
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TaBLE 17.—Characters and states used in taximetric studies in Arceuthobium—Continued

HOSTS AND HOST REACTIONS:
38. Principal hosts
(overlap—none)
. Abies (concolor, grandis)
. Abies magnifica
. Abies (other species)
. Pseudotsuga
. Picea (mariana, glauca)
. Picea (engelmannii,

S O W N

39.

40.

Witches’ broom formation

(overlap—none)

1. None

2. Rare or occasional
3. Consistent

Type of witches’ brooms
(overlap—none)

1. Brooms systemic

pungens) 2. Brooms nonsystemic
. Lariz 3. No brooms
. Tsuga

. Pinus lambertiana

. Pinus (flexilis-aristata)

. Pinus strobiformis

12. Pinus ayachautte

. Pinus (pinyons)

. Pinus (Letophyllae)

. Pinus (Australes)

. Pinus (Ponderosae)

. Pinus (Sabinianae and
Oocarpae)

15). Pinus (Contortae)
CHROMATOGRAPHY OF SHOOT PHENOLICS:?
41. to 43.

Anthocyanins
(overlap—none)

1. Consistently present
2. Sometimes present
3. Absent

Anthocyanin #1
Anthocyanin #2
Anthocyanin #3

to 60.

Flavones, flavonols and cinnamic acid derivatives
overlap—none

1. Consistently present
2. Sometimes present
3. Absent

Phenolic Y,

Phenolic D

Phenolic B,

Phenolic Y.

Phenolic BG,

Phenolic YO

Phenolic BG:

Phenolic A,

Phenolic YG

41.
42,
43.
44,

44,
45.
46.
47.
48,
49.
50.
51.
52.

53.
54.
55.
56.
57.
58.
59.
60.

Phenolic A,
Phenolic Bs
Phenolic As
Phenolic A4
Phenolic By
Phenolic As
Phenolic Bs
Phenolic Bs

1 A skipped state number indicates that the two adjacent states are calculated as distinct when the overlap value is 1 unit.
2 See table 16. Two compounds (B: and As) listed in table 16 were not used in the taximetric analyses because their occurrence

was too erratic.

geographic and host range of the taxon. The speci-
mens used in these analyses are indicated in the
specimens examined lists.

7. Data were entered on IBM cards and analyses
were made on a CDC 6400 computer at Colorado
State University.

8. A measure of similarity was then calculated

between each specimen and every other one in the
analysis. This similarity was based on the fraction
of the characters which were coded for both speci-
mens. For example, if two specimens were rated
the same in all characters, their similarity would be
1.00.

9. The clustering program compares the overall
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similarity (the averaged similarities of each state for
which information is given) of each specimen with
all others in the study. The specimens are then
clustered in accordance with the rank of their
relative similarity. For example, specimens that
have a similarity ratio of 1.00 are separated first,
then additional specimens are clustered as the
similarity ratio is relaxed, and the program con-
tinues until all specimens are included in a single
group.

Results

A numerical analysis of the New World taxa of
Arceuthobium (fig. 24) shows the relationships of the
taxa based on average similarity of all characters
listed in table 17.

Because the characters and states used in each
taximetric study are different, the results of our

Arceuthobium study cannot be compared with those
in other groups. The taxa of Arceuthobium, however,
were found to be unusually distinet, and all species
were formed by similarity level 0.85. The analyses
suggest that the genus consists of two major groups
plus several smaller ones, some of which contain
only a single taxon.

Arceuthobium vertictlliflorum, A. abietis-religiosae,
and A. americanum, the most distinctive North
American species (fig. 24), share few features in
common, except all have verticillate branching of the
shoots or flowers (KKuijt 1970).

Two distinctive taxa, Arceuthobium pusillum and
A. douglasit, which form another group, are char-
acterized by their small size, indirect spring flower-
ing, high host specificity, and formation of systemic
witches’ brooms.

A major group (the vaginatum group) consists of

A.verticilliflorum L

A.abietis - religiosae —0—

A.americanum A 4

A.pusillum

A.douglasii @

A.gillil subsp. gillii L

A. gillii subsp. nigrum &

A.vag. subsp. vaginatum -&

A.vag. subsp. cryptopodum . 4

A.vag. subsp. durang L 4

A.globosum L

A.slrictum

A.rubrum

A.bicarinatum

A.hondurense

A.guatemalense

A.occidentale

A.cyanocarpum

A.blumeri

A.apachecum

A.campylopodum @

A. Isugense @

A.californicum T

A.divaricatum L

A.laricis @

A.microcarpum L 4
A. abjel. £.sp. concoloris @
A.abiet. t. Sp. magnificae -@

1 1 1 1 L 1 1 1
1.00 0.95 0.90 0.85 0.80 0.7% 0.70 0.65 0.60
SIMILARITY

Figure 24.—Dendrogram showing taximetric analyses of the New World dwarf mistletoes. The scale shows similarity,
based on combined analyses of all 60 characters used. Vertical lines indicate the level at which two taxa were
joined. Length of the horizontal line indicates the distinctness of each taxon. Dot shows the similarity level at
which all specimens of the particular taxon were first united.
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six taxa comprising three species and three sub-
species: 4. globosum; A. gillii subsp. gillei and nigrum;
A. vaginatum subsp. vaginatum, cryptopodum, and
durangense. The analyses of this group illustrate our
use of subspecies in Arceuthobium. For example,
although subsp. gilliz and nigrum are distinet, and
maintain their identities to about level 0.79, common
features unite them for about another 0.05 similarity
unit before the group joins with the A. vaginatum
complex. A comparable situation exists for A.
vaginatum. These are the only instances where we
believe that a subspecific category is appropriate
in Arceuthobium. This vaginatum group contains
relatively unspecialized taxa with large shoots and
broad host ranges on pines, and is centered in
Mexico. All exhibit spring flowering.

The other major group, the campylopodum
group, contains 17 taxa: 4. abietinum f. sp. concoloris
and magnificae, A. apachecum, A. blumer:, A.
californicum, A. campylopodum, A. cyanocarpum, A.
dwaricatum, A. guatemalense, A. laricis, A. micro-
carpum, A. occidentale, and A. tsugense; the less
closely related group 4. bicarinatum, A. hondurense,
A. rubrum; and the even more distinct A. strictum.
The 13 principal members of this group are con-
centrated in the western United States, but some
range from southeastern Alaska to northern Guate-
mala. Arceuthobtum bicarinatum, A. hondurense, and
A. rubrum form a distinct southern subgroup and
occur in Hispaniola, Honduras, and central Mexico,
respectively. The analyses suggest that A. strictum
is the most distinet member of the entire campy-
lopodum group. Arceuthobium guatemalense is the most
distinct of the main 13-member subgroup.

The black dot in figure 24 indicates the similarity
level by which all specimens of a particular taxon
had been united. Thus, the distance of the dot from
the 1.00 similarity level indicates variability within
a taxon; species with dots closest to 1.00 (for ex-
ample, A. abietis-religiosae, A. strictum, A. pusillum,
A. bicarinatum, A. hondurense, A. guatemalense,
and A. blumert) are least variable while those with

the dot farthest from 1.00 (A. gillit subsp. gilliz and
A. globosum) are the most variable. In general, the
vaginatum group seems to be the most variable.
Perhaps this is correlated with the primitive status'of
the group.

The length of the horizontal line from the dot to
the point where it joins another taxon is a direct
indication of the distinetness of the particular taxon.
For example, A. verticilliflorum, A. abietis-religiosae,
A. americanum, A. pusillum, A. douglasii, and A.
strictum are the most distinet, and their lines range
from 0.25 to 0.33 similarity unit in length. Con-
versely, the formae speciales of A. abietinum are the
least distinct and their lines are only 0.03 to 0.05
unit long.

Character analyses of Arceuthobium (Hawksworth,
Estabrook, and Rogers 1968) provide data on the
quality of information contributed by each character
toward the overall classification of the genus based
on the synthesis of all characters used. The analyses
showed that the five characters with the highest
quantity of information, that is, those that con-
tributed the most to the classification were, in
order:

No. 39—principal hosts (most information)

No. 3—mean basal diameter of dominant
shoots

No. 38—time of meiosis in relation to time of
flowering

No. 15—length of lateral staminate spikes

No. 16—width of lateral staminate spikes.

Similarly, the five characters that contributed
least to the final classification were:

No. 27—height of pollen spines

No. 23—width of perianth
staminate flowers

No. 8—sexual dimorphism of branching

No. 9—difference in color of pistillate and
staminate plants

No. 21—location of anther on perianth lobe
(least information).

segment on

COLLECTING AND CURATING TECHNIQUES

At many of the herbaria we visited, the Arceu-
thobium specimens were broken or fragmented.
Invariably the plants were fragmented if a large
branch with an attached dwarf mistletoe had been
pressed.

In preserving our specimens, we had little frag-
mentation if we pressed individual shoots rather than
preserving the entire dwarf mistletoe plant. To

include the basal shoot internodes, which we found
useful taxonomically, we cut the host branch so
that a small portion of the host bark remained
attached to each shoot. For smaller species such as
A. douglasii or A. pusillum, we pressed the entire
infected host branch if it measured less than about
one-fourth inch in diameter. Also, we retained enough
of the host branch for identification, and collected
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both staminate and pistillate dwarf mistletoe
plants.

On many herbarium specimens we studied, collec-
tion data were meager. Information that should be
recorded includes the host, ecological data about the
site, and shoot characters such as habit size, sexual
dimorphism, and original color. Also, the presence or
absence of witches’ brooms should be recorded and,
if more than one host species is involved, their
relative susceptibility noted. Any additional in-
formation that will help identify either the parasite
or its host should be recorded.

Our herbarium specimens are better preserved
when we used the following technique for mounting:
Before the plants became totally dry, we applied a
heavy coat of adhesive to the back of each specimen,
and mounted them on heavy grade herbarium
paper. Another satisfactory method is to use a
cotton-backed envelope or a Riker Mount. A
modification of the latter is to place the dried speci-
men directly on Tomac,® and file it in a large
envelope with a transparent window so it can be
observed with little handling,

Formal Taxonomy

Generic Description

ArceuTHOBIUM M. BIEB. DWARF MISTLETOE

Razoumofskya Hoffman, Hort. Mosq., unpaged, 1808.
Arceuthobium M. Bieb. Fl. Taur.-Caucasica 3(IV)

Suppl.: 629, 1819. Nom. Cons. 2091.

Herbs or shrubs from 0.5 em. to approximately
70 cm. high, parasitic on coniferous trees of the
Pinaceae or Cuppressaceae; plants glabrous, vari-
ously colored from greenish yellow to orange;
reddish and black, dioecious; stems without a central
xylem cylinder; leaves reduced to minute, opposed,
connate scales; internodes angled (at least when
young) ; flowers generally decussate or rarely whorled
on young shoots, 24 mm. in diameter; staminate
flowers with a central nectary, perianth segments
usually 3—4 (rarely 2 and up to 7) bearing a sessile,
uniloculate, circular anther on each perianth seg-
ment; pollen spherical with 6 alternating spiny and
smooth section; pistillate flower manifestly ep-i
gynous, with one style, perianth segments persistent,
adnate to ovary, 2-merous; ovary 1-chambered;
fruit an ovoid berry, l-seeded, mucilaginous and
bicolored (distal and basal portions of different
shades), explosive at maturity; seeds without true
integuments, usually 3-5 mm. long, ovate-lanceolate;
containing a single, distal, ¢ylindrical embryo, with
copious endosperm. Basic chromosome number,
= 14.

A genus of approximately 32 taxa mostly in the
United States and Mexico; apparently four species
in the Old World.

Type species: A. oxycedri (DC.) M. Bieb.
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Subgeneric Classification and
Natural Keys to the Species

Ours is the first attempt to establish a formal
below-genus classification in Arceuthobium (fig. 25).
We recognized two subgenera, Arceuthobium and
Vaginata, based on the type of secondary branching,
verticillate and flabellate, respectively. Although
Kuijt (1970) suggested that secondary branching
could be the basis for natural subdivision of the
genus, he did not formally name the subdivisions.
We are not fully satisfied because this system em-
phasizes a single character (branching type), but we
have not discovered other groups of characters
that might form a better basis for natural subgenera.
Another difficulty is that some species (for example,
A. pusillum) are so reduced that their basic type of
secondary branching cannot be determined. Their
placement into subgenera, then, is based on assumed
relationships and is obviously tentative.

The subgenus Vaginata is exclusively New World,
and contains 25 taxa. This subgenus has been divided
into three sections (Vaginata, Campylopoda, and
Minuta), with the largest section Campylopoda,
further subdivided into three series: Campylopoda,
Rubra, and Stricta. We believe the three sections
represent a phyletic sequence from primitive
(Vaginata), to intermediate (Campylopoda), to
advanced (Minuta) species.

18 Dr. W. A. Weber substituted Tomac for cotton because it
did not cling to the back of the specimen. Tomac is manufac-
tured by the American Hospital Supply Corporation, North
Kansas City, Missouri.
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Figure 25.—Taxonomic summary of the genus Arceuthobium (Hawksworth and Wiens 1970b).

The subgenus Arceuthobium contains four Old
World and three New World species. We have not
proposed formal subdivisions of this subgenus be-
cause detailed information on the Old World taxa is
lacking and there are only three New World taxa in
this group. We believe the Old and New World
members are probably sectionally distinct, but we
hesitate to establish sections based exclusively on
geography. However, since the two groups ap-
parently have been isolated since at least the
Miocene, it seems likely that, when the Old World
species are studied in detail, sufficient additional
differences will be found to warrant establishment of
sections. In the New World, the three members of
subgenus Arceuthobium seem to represent a phyletic
sequence similar to that shown by the sections
in subgenus Vaginata. We consider A. verticilliflorum
to be primitive, A. abietis-religiosae intermediate,
and A. americanum advanced (see fig. 15). The
three species are quite distinet and each should
perhaps be accommodated by separate series if
sectional status is established. Probably a compar-
able situation exists in the Old World, where A.

oxycedri is primitive, A. chinense and A. pini inter-
mediate, and 4. minutissimum advanced.

A synopsis of our classification of Arceuthobium
(see fig. 25) follows. The taxon numbers correspond
with those used in the alphabetical listing for the
New and Old World species.

I. Subgenus Arceuthobium (No formal sections
designated)
New World Species
2. A. abietis-religiosae Heil
3. A. americanum Nutt. ex Engelm.
24. A. verticilliflorum Engelm.
Old World Species
25. A. chinense Lecomte
26. A. minutisstmum Hook. {.
27. A. oxycedri (DC.) M. Bieb.
28. A. pins Hawks. & Wiens
II. Subgenus Vaginata Hawks. & Wiens
A. Section Vaginata
12. A. gidlii Hawks. & Wiens
12a. subsp. gillez
12b. subsp. nigrum Hawks. & Wiens
13. A. globosum Hawks. & Wiens
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23. A. vaginatum (Willd.) Presl 10. A. divaricatum Engelm.

23a. subsp. vaginatum 14. A. guatemalense Hawks. & Wiens
23b. subsp. cryptopodum (Engelm.) 16. A. laricis (Piper) St. John
Hawks. & Wiens 17. A. microcarpum (Engelm.) Hawks.
23c. subsp. durangense Hawks. & Wiens & Wiens '
B. Section Campylopoda Hawks. & Wiens 18. A. occidentale Engelm.
a. Series Campylopoda 22. A.tsugense (Rosendahl) G. N.
1. A. abietinum Engelm. ex Munz Jones
la. f. sp. concoloris Hawks. & b. Series Rubra Hawks. & Wiens
Wiens 5. A. bicarinatum Urban
1b. f. sp. magnificae Hawks. & 15. A. hondurense Hawks. & Wiens
Wiens 20. A. rubrum Hawks. & Wiens
4. A. apachecum Hawks. & Wiens c. Series Stricta Hawks. & Wiens
6. A. blumeri A. Nels. 21. A. strictum Hawks. & Wiens
7. A. californicum Hawks. & Wiens C. Section Minuta Hawks. & Wiens
8. A. campylopodum Engelm. 11. A. douglasiz Engelm.
9. A. cyanocarpum Coulter & Nelson 19. A. pusillum Peck

Key to the Subgenera

1. Stems with at least some of the branching, or the staminate flowers, whorled.
1. subgenus Arceuthobium
1. Stems flabellately branched; staminate flowers never whorled.
2. subgenus Vaginata

Subgenus Arceuthobium

Stems with at least some of the branching, or the staminate flowers, occurring in whorls; Old and New
World.

Type species. 4. oxycedri (DC.) M. Bieb.

No formal subdivision of this subgenus is made, although a practical division used here is occurrence in the
Old or New Worlds. A natural key to the New World species follows. We do not have sufficient data to con-
struct a comparable natural key for the Old World species but we have prepared an artificial key for them
(see p. 70).

Key to the New World Species

1. Staminate flowers usually in whorls of 6; fruit at maturity about 15 mm. long; staminate inflorescences
deciduous, internodes about as long as wide.
24. A. verticilliflorum
1. Staminate flowers opposite, fruit at maturity about 4 mm. long; staminate inflorescences not deciduous
(but individual flowers deciduous); internodes at least 5 times longer than wide.
2. Stems with branching occasionally whorled; fruit opposite; internodes about 5 times longer than wide;
staminate buds lenticular; parasite on Abies.
2. A. abietis-religiosae
2. Stems with branching always whorled; fruit occurring in whorls; internodes about 10 times longer
than wide; staminate buds rounded; parasite on Pinus.
3. A. americanum

Subgenus Vaginata

Hawksworth & Wiens, Brittonia 22: 265, 1970.
Stems flabellately branched; staminate flowers decussate, never in whorls; New World.
Type species: A. vaginatum (Willd.) Presl
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Key to the Sections

1. Pistillate plants usually more than 4 cm. high; shoots in individual clusters; host generally not forming
systemic brooms.
2. Plants flowering in winter or spring; internodes usually less than 4 times as long as wide.
Section 1. Vaginata
2. Plants flowering in summer and fall; internodes at least 5 times as long as wide.
_ Section 2. Campylopoda
1. Pistillate plants usually less than 4 cm. high; shoots scattered along the host stem near the apex; host
forming systemic brooms.
Section 3. Minuta

Section 1. Vaginata

Anthesis in winter or spring; tallest shoots usually over 15 cm. high; internodes less than 4 times as long as
wide.
Type species: A.vaginatum

Key to the Species

1. Fruit markedly whitish-blue glaucous on proximal portion; staminate plants often markedly divaricate,
pistillate plants erect; parasite on Pinus section Leiophylla, occasionally on P. teocote.
12. A. giller
1. Fruit not markedly glaucous on proximal portion; staminate plants and pistillate plants erect; parasi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>