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DISCOVERY IN EUROPE AND IDENTITY OF THE SPECIES
3iacrocentrus gifuensis Ashm.,^ a primary parasite in the larva of
the European corn borer {Pyraustci nubilalis Hübn.), was found in
common mugwort, Artemisia vulgaris L. {29),^ in the Armorican
zone of western France by W. Gamkrelidze, of this laboratory, while
on an exploration trip during the summer of 1925.
^ The work reported in this bulletin was done at the European I'arasite Laboratory of
the Bureau of Entomology at Hyërcs, Var. France, from April, 1927, to October, 1929.
The writer expresses his gratitude to Paul Marchai for examining and criticizing the
microscopic preparations and drawings; to C. F. W. Muesebeclj and A. B. Gahan for help
with the identity and description of this species ; to Esther Hart for her drawings of the
adult and cocoons ; to W. R. Walton, W. R. Thompson, and E. Rabaud for help with
the manuscript; to V. Malama for the photomicrographs; and to A. M. Vance, H. D.
Smith, and Th. Malama for help in various ways.
^Family Braconidae, order Hymenoptera, class Insccta.
3 Italic numt>ers in parentheses refer to Literature Cited, p. 61.
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Further study by the writer soon revealed the fact that this species
was an important primary parasite, and exportations to the United
States for colonization were begun the following year.
At first it was believed that this species was M. ahdoimnalis Fab.,
and in an earlier publication {^9) it was so designated. The writer
has not examined the type of M. abdominalis, but A. B. Gahan has
compared specimens from P. nubilalis with the type of M. gifuensis
and believes that they are the same species, while he considers
M. àbdomincdis to be a distinct species.
GEOGRAPHIC DISTRIBUTION AND HOST RELATIONS
This species has been reared by the writer from liost larvae taken
from Artemisia in the Sequanian (south), Armorican, and Central
zones in France, and from corn in the Danaprisian (north) zone in
Russia. W. B. Cartwright has reared it in Japan from P. rmhilalk
taken in corn and hemp. Hergula (7) has bred from larvae taken
from corn at Kraljevec and Bjelovár in Jugoslavia a species of
Macroceñlrus which he claims is identical with that bred from Tours
material. It is quite likely that this is also M. gifuensis.
So far as is known it has not been reared from other hosts than
P. nubilalis. It is possible, however, that M. gifuensis has often
been misidentified as M. ahdomwMlis and that, consequently, some
of the biological and descriptive data in publications on M. ahdominalis pertain in reality to M. gifuensis. As there is no definite proof
of this condition at present, such data can not be definitely incorporated in a paper devoted exclusively to M: gifuensis.
HISTORY OF POLYEMBRYONY IN HYMENOPTERA
The discovery of polyembryonic development in the parasitic
Hymenoptera by Paul Marchai and his subsequent studies and those
of F. Silvestri are so well known and have been cited so oft«n that
it is not necessary to go into detail concerning these matters.
For the purpose of completeness, however, it is considered desirable to cite here the forms known to reproduce by polyembryony as
well as those suspected of such reproduction. It is pointed out that
most workers on tlie Hymenoptera suspect that a great many of the
vast group of Encyrtidae, whose biology is as yet unknown, will be
found to reproduce in this manner.
Polyembryony in the Braconidae.'' more especially in the genus
Macrocentrus, was suspected as early as 1913 by Cushman (3). In
1927 Voukassovitch (30) supposed it to exist in M. ahdo-minalis, a
parasite of Psarmnotis hyalinalis Hbn. Later, Thompson and Parker
ißd) held it probable that M. gifuensis (then erroneously called
M. dbdoininalis) reproduced in this manner.
This bulletin leaves unclarified many aspects of the reproductive
activities of M. gifuensis, such as oogénesis and the origin of the
germ-cell determinant, the maturation divisions of the female pro*Fink (5) describes the transformation and change in shape of the egg of M. anoylivora,
but he gives no data on the segmentation or the structure of tlie gernis and embryonic
membranes. After a careful study of Fink's remarks on the euperparasitism, etc., in this
species the writer considers it possible that there is polyembryony in M. ancuHvara. In
all events the matter should be investigated more closely.
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nucleus, the conjugation of the male and female pronuclei, the conjugation of the germ-cell determinant, and early divisions of the
primary cleavage nucleus.^
The vs'riter holds, however, that he has demonstrated the following
points: (1) The differentiation of the egg into a pregerm composed
of a paranucleus (probably derived from the polar nuclei) which
directs and governs the trophamnios, and germinativo or true embryonic cells which give rise to embryos; (2) the division by fission of
the primary germ accompanied by a division of the paranucleus to
form the secondarjr germs, which again divide to form morulae,
which demonstrate (3) polyembryony in M. gifioensis.
A summary of our knowledge of polyembryony among the parasitic Hymenoptera is presented in Tables 1 and 2.
^ Thip phase of development will be made the subject of further researches.
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TECHNIC FOLLOWED
The parasitized host larvae were collected and kept for storage
and rearing purposes in corrugated paper in copper cans, a system
devised by Jones (8) for shipping and rearing. Contact moisture
was suppfied when necessary by plunging the cans in water.
The colonies of Macrocentrus cocoons spun in these cans were
removed to glass vials for observations and supply.
Adults were kept in several sizes of lamp globes seated on a;
cloth base and in glass vials. Moist cotton in a glass dish was phiced
on the floor of each cage and wet cotton wads were attached to the
underside of the screen-wire top. Food was supplied by smearing
granulated honey on a small area on the wall of each cage, over
which distilled water was dropped at intervals; distilled water for
drinking was sprayed on the walls.
Dry incubators at 18°, 20°, and 25° C. were used in all experiments and an electric refrigerator at 4° to 8° C. was employed in the
cold experiments.
For oviposition purposes it was found necessary to confine the
young larvae for the reason that a larva free to move usually
escaped from an attacking female without receiving a thrust.. This
condition, combined with tlie small size of the egg and the ease with
which it could be lodged or concealed in the host organs, required
that a larva l)e stung several times before an egg could be recovered,
as larvae stung only once or twice seldom or never yielded an egg by
simple dissection in physiological media. This confinement was
accomplislied by "sewing" the larva down to tlie clotii base of the
cage with a fine wii-e or thread. A piece of leaf witli several small
holes in it was placed over the larva. A small amount of larval
frass was then smeared over the upper surface of the leaf to excite
the females to oviposition. In this way, as tlie ovipositor was thrust
into the liok>s it would generally encounter the fixed host larva and
oviposition would result. After 10 to 15 thrusts, dissection of the
larva would usually yield an egg or sometimes two or three. Larvae
so impaled were useless for rearing purposes, however. This teclmic
was later improved in the following manner : Small larvae were
isolated in glass tubes together with a tiny stem or cube of a food
plant, such as mugwort, dock, or corn. After the larva had burrowed
into it for about the length of its body, this stem with the contained
larva was placed in the cage to receive oviposition. In this way it
was possible to procure a consi(h>rahle number of thrusts in a single
larva.
The ovaries were studied by dissection and simple observation and
by sectioning in paraffin both within the abdomen and removed
from it.
Eggs were studied by direct microscopic observation with and
without stains and by sectioning parasitized host larvae.
Parasite bodies and germs in all (recorded) stages were studied by
direct observations, stained and unstained, and by sectioning both
within the host and free from it.
The fixing fluids mostly employed were Bouin's, Duboscq-Brasil,
Camoy's, Carnoy and Le Brun"s, and Flemming's without acetic acid.
Bouin s proved to be tlie most satisfactory by far.
Stains used were alcohol-carmin and carmaluin for entire bodies,
glychemalum and eosine, trichromique de Cajal. iron hematoxylin.
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orange G, and Congo red and liemalum. The most satisfactory
method was to use acid glychemalum followed by eosine.
F'or topographical studies of the internal organs, muscles, etc.,
larvae were fixed in Carnoy's and kept on 95 per cent alcohol. The
desired organs were then dissected out with tine needles. The histological observations and illustrations were made from specimens
fixed in Bouin's and then sectioned, and stained in glychemalum and
eosine. It is here pointed out that the tissues of parasitic larvae are
more difficult to stain than those of nonparasitic larvae. For this
purpose glychemalum proved to be an excellent stain.
EXPLANATION OF SYMBOLS USED IN THE
ILLUSTRATIONS
at, antenna.
ao, anterior commissure.
ore, anal opening.
op, anterior portion.
60, lilood cell.
6r, firain.
cese, circumesopha^'oal commissure.
ch, chorion.
cu, cuticle.
do, dorsal.
do, dividing cell.
dl, dorsolateral.
dll, dorsolateral lobes.
dv, dorsoventral.
dvo, dorsoventral oblique.
e, embryo.
ec, embryonic cavity.
el, epithelial layer.
er, evaginated rectum.
es, esophagus.
esm, osophageal muscle.
esp, esophageal pnmp.
esv, esophageal valve.
esw, esophageal wall.
Í, fat.
/"&, fat body.
fc, fat cell.
fm, food material.
fg, frontal ganglion.
frg, fragment.
fv, food vacuole.
g, gonad.
ge, germinative cells.
gctr, germinative center.
gm, germ.
h, head.
ft!», histoblast.
hi, hind-intestine.
hrt, heart.
ht, host tissue.
Ay, hypodermis.
ie, imaginai cells.
id, imaginai disk.
idr, imaginai disk, reproductive organs.
il, ileo-colon.
ila, inner layer.
imda, imaginai disk, antenna.
imt, imaginai Malpighian tubes.
I, lateral.
Í6, labium.
V)p, labial palpi.

Ibr, labrum.
Ibrp, labra! ¡¡roccsscs.
II, lateral lobes.
Im, longitudinal muscles,
if, lateral trunk.
III, leucocytes.
m, muscle.
mh, membrane.
md, mandible.
mf, muscle fibers.
mi, mid-intestine
mitep, epithelium o( mid-intestine.
«¡7, middle layer.
mm, mesenchymatous material.
mo, mórula.
mtli, nioutli.
iiipip, palpi of mentuni.
int. Malpighian tubes.
niiv, maxillae.
n, nerve.
Hi', nuclear cavity.
ncli, nerve chain,
life, nucleus of fat cell.
nifc, normal fat cell.
0, opening.
oe, oenocyte.
0/, outer layer.
oi\ ovary.
pe. pericardial cells.
pha. phagoi^ytes.
plrm, polar material.
pm. peritropbic membrane.
poc, posterior i-onuiiissure.
pr. press.
prn, paranucleus.
psgm, pseudogerm.
r, rectum,
rm, rectal muscle.
s, spiracle.
no, secretory cells.
scpm, secretory cells of the peritrophic
membrane.
sd, salivary duct.
seg, segmentai line.
sesg. subesophageal ganglion.
sg, salivary gland.
sgd, duct of salivary glands,
.ffc, skin.
sm, solid material.
spo, sperraatocytes.
spr, spinneret.
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sp, sensory papillae.
St, stomach.
t, transverse.
th, thorax.
tm, transverse muscles.
tnif, transverse muscle fibers.
to, tentorlum.
tr, trachea.
trm, trophamnios degenerated into a
thin membrane.

tro, troplmmnios.
u, urate cells.
uc, unstained edge.
V, vacuole.
vdo, ventrodorsal oblique.
vl, ventrolateral.
vll, ventrolateral lobes.
vt, ventral.
ivmi, wall of mid-intestine.

DESCRIPTION OF MACROCENTRUS GIFUENSIS
THE ADULT
The adult (fig. 1) is described by Ashmead {J, p. 191) as follows:
Female.—Length, 4.5 mm. ; ovipositor longer than the whole insect. Head
black ; thorax brownish yellow, the metathorax dusky or brownish ; abdomen

FiGUBE 1.—Adult female of Maeioccntrus gifuette

X 10

above brown or blackish, sometimes paler at the sutures, variable, the first,
second, and third segments longitudinally striated ; antennae very long, brownish yellow, becoming dusky toward apex, 40 or more jointed, the joints dusky
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at apex, appearing annulated ; legs, including coxae, yellow. Wings hyaline,
the veins brownish, the stigma with a large dark brown blotch within.
Tvpe.—Cat. No. 7274, U.S.N.M.
Looality.—Gifu (Y. Nawa). Two specimens.
M. gifucnuis Is easily distinguished from the other parasites of the corn borer
by its slender, delicate form, its light-brown color, long antennae, and the
slender ovipositor of the female.
OVARIES

The ovaries are of the meroistic type and are bunched in two
groups, one on each side. There are usually 12 to 15 ovarian tubes
in each group, though in some individuals there are as few as 8. The
tubes of each group are joined together at their bases and empty into
short oviducts ; these unite to form a short vagina to which the blackish spermatheca and the various glands common to the Braconidae
{G, 18) are attached. In some cases the two oviducts are joined,
superficially at least, at the base of the ovarian
tubes, separating immediately below this point
and coining together again into the vagina, thus
forming a sort of loop. It is improbable, however,
that there is a mutual lumen at this distal junction.
THE EGG
The ovarian and newly laid egg (fig. 2, A, B)
measures from 0.08 to 0.12 mm. long by 0.028 to
0.05G mm. wide; it varies somewhat in shape but
in general is more or less ovoid, with one end
(the end directed downwards in the ovary)
slightly pointed. It has a large nucleus near the
center and a nucleuslike mass of dense granular
material at the lower end (fig. 2, A), which is
probably the germ-cell determinant or "nucléolo
plasmático " of Silvestri (^4)- The rest is densely
granular material.
THE LARVA

FiGDKB 2. Eggs of
Macroccntrus gifuensis: A, Ovarian
or newly laid egg ;
B. another form of
the ovarian ogg.
The nuclei are in
the early stages of
segmentation (less
than 5 hours old)

FIRST STAGE »
SIZE,

COLOR, AXD FORM

Length of newly hatched larva, 1.5 mm. ; width, 0.28 mm. ; width
of head, 0.298 mm. ; length of mandibles, 0.0954 mm. ; length of larva
after feeding, 3 mm.; width, 0.43 mm. (Fig. 3, A, B.)
The color is translucent grayish white, the head concolorous with
the body.
The larva of this stage is composed of a large, somewhat flattened
head with protruding, distinctly delineated buccal regions and 13
well-defined body segments bearing four rows of prominent lobes
resembling pseudopods.
ExTEKNAL

ANATOMY

The head is somewhat more heavily chitinized than the body segments, and anteriorly the fleshy mouth parts protrude as if " over' Fink (5) has described the first-stage larva of M. aneylivora. His Figure 4 resembles
but Uttle his photographs (flg. 3, H) of the flrst-stage larva. It would not be surprising
to And that the newly hatched larva of M. anoylivora is very similar to that of II.
(jifuensis.

24081—31

2

10

TECHNICAL BUL1,ETIN 2 3 0, U. S. DEPT. OF AGRICULTUBE

flowing" from the more solid skeleton of the head. These parts
include a distinct labral region having two separate sensory papillae
(fig. 3, C, sp) and two very prominent conical protrusions or labral
processes (fig. 3, C, D, Ihrp), each of which has five sensorial papillae; the labium (fig. 3, C, lb), which has two similar protrusions

"if Ibrp—(- -x

3.—First-stage larva of Macrocentrus gifuensis: A.—First-stago larva viewed
in a plane extending obliquely through longitudinal ¡ixis of body and cutting
vertical plane at an angle of 45°. In this position tho head is somewhat foreshortened. B.—Ventral view of first-stage larva. C.—Head of first-stage larva,
ventral view. D.—Sam*', side view

FIGURE

(Ihp), each having seven pairs of sensory papillae in addition to an
isolated pair located ventrally near the median line ; and the maxillae
{mx)^ which are clearly defined, each bearing five sensory papillae.
The simple mandibles (fig. 4, A) are light brown in color, rather
slender, and only slightly curved.
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11

The body proper is approximately cylindrical, but the presence
on each of Segments I to XIII of four enormous fleshy lobes gives
it a rather flattened appearance bearing a superficial resemblance
to certain isopods. (Fig. 3, A.) These lobes are placed along the
dorstilateral and ventrolateral lines, and all pairs extend in ventrolateral and dorsolateral directions. e.\cej)t the ventrolateral pair on

FimruK 4.—Mandibles and trachoal system of larvae of Macrocentrus gifuensix: A.
Mandible of first-stage larva; B, mandible of second-stage larva; C. maiidible of
third-stage larva ; D, trachea! system of flrst-stage larva ; B, segment of body of
first-stage larva to show origin and direction of principal trachea! branches ; a and
6 are branches extending inwardly, and c and d are branches extending outwardly ;
F, trachéal brandies from middle of anterior commissure of first-stage larva

Segment XIII. which is curved candad. The dorsolateral pair on
Segment XIII is inconspicuous or absent in some specimens; Segment XIII is conically pointed posteriorly and bears dorsally the
evaginated rectum. There are no tegumentary spines or setae.
IMTERNAL ASATOMY

The digestive tract commences at the mouth ; the esophageal pump
or pliarynx is located immediately posterior to the mouth and the

12
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esophagus connects this organ with the mid-intestine into which it
empties in Segment II. At this point there is an esophageal valve
which prevents the régurgitation of the food. (Fig. 5, A, esv.) The

cese to
FIGURE O.—Second,

third, and fourth stages and head parts of larvae of Manvcrntius
gifuensis: A.—Second-stage larva in outline, showing digestive tract.
The
salivary glands and Malplghian tubes are abbreviated. B.—Third-stage larva,
side view. C.—Fonrth-stage larva. D.—Cross section tbrouEh liead of secondstage larva. B.—Vertical section through head of larva Just in iront of brain

mid-intestine before feeding is a slender cylindrical tube ; after feeding it is distended and slightly more oval in shape and is filled with
a creamy yellowish, granular substance consisting of fat globules in
the process of being digested. Near the anterior end the short
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peritrophic membrane (p7n) in earh' stages of development can be
seen inclosing the undigested food. This membrane is probably
secreted by the group of special cells (so) situated in the anterior end
of the mid-intestine and grows slowly until it fills most of the
stomach. In a group of young larvae the peritrophic membrane in
all stages of development may be easily observed and dissected out.
No undigested food is ever observed outside of it in any larval stage.
In segment XII the mid-intestine joins but does not communicate
with the hind-intestine. This organ is in two distinct parts, tlie ileocolon to which the Malpighian tubes are attached and the rectum
which is evaginated in this stage.' A pair of simple Malpighian
tubes arise from the anterior portion of the ileo-colon and extend
forward ventrall}', the right one to Segment IX, the left one to Segment X, though sometimes the left one is the longer. A pair of
ramified salivary glands empty into a very short common duct in the
head." From tliis point posteriorly, eacli gland runs along the ventral floor for a short distance, rises somewhat, and again branches
into two principal trunks in Segment IV. Each of these trunlvs subsequently ramifies in an iri-egular manner into dorsal branches of
varying length.
The trachea! system (fig. 4, D) is composed of two lateral longitudinal trunks connected anteriorly by a dorsal transverse commissure located in the first segment and posteriorly by a ventral commissure in Segment XIII. Kamifying branches extend to the head
from both the anterior commissure and the lateral trunks. In each
segment three lateral branches arise from each of the main trunks;
the first two of these supply principally the inner organs, one extending dorsally and the other ventrally, while the third branch supplies
the outer organs, such as muscles, fat, and hypodermis. This branch
(fig. 4, E, c, d) runs in a ventrolateral direction for a short distance
and separates into two parts, one part supplying the ventrolateral
lobe and the other supplying the dorsolateral lobe. Each of those
subbranches is. however, subsequently ramified many times, and these
smaller branches wander about from the dorsal lobe to the ventral
one and back again. The lobes as well as the body proper have many
trachéal terminations in the hypodermal layer, but there are no more
tracheae or trachéal terminations in these lobes than there are in the
other parts of the body surface, i. e.. in the body cavity between these
lobes and in the head. Segment XIII has fewer tracheae than the
other segments; the evaginated rectum lias no tracheae. There are
no spiracles.
The nervous system consists of a 2-lobed brain, the subesophageal
ganglion, and 12 distinct segmental ganglia; lateral branches arise
in each ventral ganglion.
The fat body is not conspicuous, though the small groups of fat
cells may be seen between the muscular layer and the digestive tract.
The reproductive organs are représentée! by two small oval gonads
located in the posterior part of the visceral cavity.
'This orotrusioii of the rectum docs not in .iny way rcsemhle the anal vesicle of certain
other braconid larvae such as Apanteles and Micrognster. The writer Is of the opinion,
with Weissenberg (S2), that it is not a true anal vesicle.
,
„
„
j o
«According to Palllot (Í7), in the species called by him lAmnertum alkae E. and S.
(called bv Thompson and Parker (Z!)) Eulimneria crassifemur Thorns.), parasitic in P.
««6«oto, there Is a pair of si* glands with a single duct and a pair of salivary glands
with separate duets. The writer has carefully studied L »'f?«, and finds that this observation is an error. In no ichneumonid, braconid, or chalcld larva has the writer ever
observed more than a single pair of such glands.
,
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Tegumentary muscles can be observed extending from segment to
segment, but none are present in the lateral lobes. They are described more fully for the fourth stage.
The circulatory system is of the usual hymenopterous type. (See
desci-iption of the fourth-stage larva.)
The histoblasts of the adult external appendages, such as wings,
legs, and reproductive organs, can be distinguished as thickenings in
the hypodermis.
The fully fed larva differs little from the newly hatched larva
except that it is larger and slightly swollen, the stomach contents
show prominently, and the lateral lobes are less conspicuous.
During the molting process the old head capsule splits, the head
is lifted out, and the cast skin slips backwards ventrally, often being
partially retained, however, until the larva reaches the third or even
fourth stage.
SECOND STAGE

Length of newly-molted larva 2.08 unn.. width 0.4 mm. (length
after feeding 3.8 mm.), width of head 0.3 mm. (Fis:. 5, A.)
The color is the same as in the first stage, but less transparent.
Tlie second-stage larva is comjîosed of a somewliat globular lieai!
and i;i body segments; the general form is cylindrical, tapering
slightly anteriorly and posteriorly; the last segment is pointed and
bears dorsally the evaginated rectum." Slight ventrolateral and
dorsolatei'al bulges are ])resent where the lobes existed in the previous
stage. There are no body spines or sensorial papillae or spiracles.
The head is scarcely more heavily chitinized than the body. The
mouth parts are distinctly delineated. There are no mandibles ; the
points where they will later appear are represented by fleshlike lobes.
(Fig. 5, D, ind.) Sensory papillae are present on the various mouth
areas.
The internal anatomy is nmch the same as in the first stage, with
the exception of the following points : The mid-intestine has increased
in size and fills the greater part of the body cavity. The peritrophic
membrane with its contents fills about half of the mid-intestine; the
fat body is developing by tlie increase of the size of its cells, interspersed among which are numbers of urate cells with their granular
white contents showing prominently.
THIRD STAGE

Length 3.5 mm., width 0.6 mm., length of chitinized tip of mandible Ó.56 mm. (Fig. 5, B.)
The larva of this stage, while somewhat similar to that of the
second stage, is proportionally less elongate and resembles more in
general conformation the typical hymenopteriform larva. Segment
XIII is shorter and the rectum is not or but little evaginated. Tlie
mandibles (fig. 4, B) have reappeared and are simple and rather
blunt, very lightly chitinized, and have a rounded, slightly projecting
irregularity on the posterior edge which might be called a tooth.
The irregularity is situated at a point coincident to the most distal
of the real teetli which appear on the fourth-stage mandible. There
are no spiracles; the body is without spines or sensorial setae.
'Fink (5), In his Illustration of the second-staRe larva, shows the anal opening at the
extreme end of the tenth abdon:inal segment, and only part of the rectum evaginated. In
M. gifuensis the anal opening is dorsad of the terminal point of the tenth segment and
the whole of the rectum—up to the point where It Joins the lleo-colon—is evaginated.
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FOURTH STAGE
SiZB, COLOB, AND FoRM

Length 4.5 mm., width 1 to 2 mm., width of head 0.5 mm., length
of mandible 0.09¿7 mm., width of thoracic spiracle 0.0375 mm.,
abdominal spiracles 0.0281 mm. (Fig. 5, C.)

~Sió^

FiGUiíE G.—Cells, muscles, and head parts of larvae of Mactoccntrus yiiucuHÍs: A,
Cells of various organs of the larva, all drawn to the same scale (lîouin's, glychemalum) ; B, musculature of larva. Segments I, II, III, IV, XII, and III; 0,
segment of heart, showing muscular fibers and pericardial cells; D, front view of
head of fourth-stage larva ; B. side view of head with half (including the salivary
glands) cut away

The color is a translucent grayish white, with creamy-yellowish
mid-intestine, fat body, and white urate cells prominent.
The larva of this stage is of the typical hymenopterous shape,
being composed of a head and 13 body segments. It is arched dorsally and is widest near the middle. The large lateral lobes due to
transverse tegumentary muscles (fig. 6, B, t 2-5) in each abdominal
segment give it a somewhat flattened appearance.
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EXTERNAI,

ANATOMT

The principal difference in the general aspect of the larva of this
stage as compared with the larva of the third stage is that the lateral
lobes are more pronounced, the urate cells are larger, and the "antennae," mandibles, spiracles, and tegumentary spines are visible
under low-power magnification.
The head is roughly heart shaped in outline with two pairs of
short tubercular protuberances, or antennal rudiments, located in
large circular elevations dorsolaterally and somewhat anteriorly.
The buccal regions are clearly defined and consist of a labrum (fig.
6, D, Ihr), two prominent maxillae {mœ) in which the mala is quite
distinct from the cardo-stipeal region (although this detail is not
clearly shown in the drawing), and the labium {Tb)i which is
even more distinctly delineated than in previous stages and bears
four pairs of sensory papillae. At the apex of the labium is the
opening of the salivary duct containing the spinneret {sg). On the
mentum, or area below the maxillary and labial regions, there are
two pairs of small sensory spines.
The mandibles (fig. 4, C) are larger, sharper, and more heavily
chitinized than in the previous stage and they are provided with
17 to 20 small teeth on the posterior (cutting) edge. The tentorium
extends across the lower part of the head near the posterior margin
and holds the walls rigidly together. The mandibles articulate upon
two pairs of ramae (inferior and superior) of the epistoma.
The skeleton is composed of a rather thin layer of compact cuticle.
It is flexible and tough and folds back and forth upon itself at the
intersegmental fines and other points of muscular attachments. The
cuticle of the head and tentorium is thicker and more rigid than that
of the body.
CUTICULAR SPINES

Segment I bears a wide band of small cuticular spines completely
encircling it, with a small median dorsal patch extending posteriorly
to join the band on Segment II ; the individual spines in this area as
weir as those on the margin of the armed band are smaller than the
spines near the middle of the band ; the spines near the anterior border
of the segment are inclined somewhat posteriorly and those on the
posterior margin are inclined anteriorly; the intersegmental lines are
bare. Segment II has a like band encircling the dorsal and lateral
surfaces, while immediately around the spiracles is a small unarmed
area. Segment III has a similar band but it is narrower and does not
extend so far ventral'ly as in Segment II; though there are no spiracles in this segment, the " spiracular " area is without spines as in
Segment II. Segment IV is similar, but the armed band does not
extend so far ventrally and the dorsal spined area connecting the band
of Segment IV with that of Segment V is smaller and has fewer
spines. In Segment V the armed band is diminished in width dorsally and is only a narrow strip extending along the anterior margin
of the segment, and the dorsolateral areas only are covered by the

MACROCENTRUS GIFUENSIS, A POLYEMBRYONIC PARASITE

17

spines. In Sefi'ntiit VI only the dorsolateral areas are armed, Segments VII to XI are similar, while in Segment XII these areas are
reunited dorsally to form the band covering the dorsal and lateral
areas. Sefrment XIII is bai-e.
.SEN80BIAI. SETAE

Elach segment except XIII has a number of small sensorial setae
interspersed among the tegunientary spines, these setae varying in
number from about 40 on Segment I to 32 on the abdominal segments.
They are not constant in number or location on any tyfo segments of
a single individual nor on analogous segments of two different specimens. The only constant arrangement observed is that on Segment
I there is a more or less irregular row of these setae ventrally on the
left side near the anterior margin of the spined band, while on the
right side the corresponding group is near the middle of the armed
band.
IN'TKRNAL ANATOMY
HYPODEKMIS

The hypodermis is a thin secreting layer just underneath the cuticle. It is uniform in thickness save in the head, where it is considei-ably thickened, esijecially arotmd the mouth parts and the top
of the head and at several points where the liistoblasts will appear.
The cells of the hypodermis (fig. C, A, /i;/) are regular in size, more
or less hexagonal in shape, but globular when sparsely placed, with
distinct and easily stained roimd nuclei. In the thicker parts of tliis
layer the cells have their nuclei in différent planes, tluis giving the
appearance of several strata of cells. Tlie cells of the esophagus
and of the posterior ])art of the rectum, as well as the inuiginal
Malpighian tube buds and those of the extreme anterior eiul of the
salivary glands, are similar to the hypodernial cells.
HISTOBI„\.STS

The liistoblasts, or imaginai disks as they are often called (in reference to adult appendages), are those cells of the hypodermis which
become differentiated by their activities more or less early in the
larval life to produce certain organs of the adult.
At first these liistoblasts are represented by a slight thickening of
the hypodernial layer, but when the larva has reached full Si-owtli
the cells have multijilied and jiulled away from the cuticle, leaving
it bare at that point, and the organs begin to form. The most conspicuous ones are the anteniial liistoblasts, which are situated in the
head, one on each side and .slightly behind the labrum (fig. 5, E,
h»da) ; the leg disks, which are located ventrally in Segments I,
11, and III : the wing pads, which are located laterally on Segments
II and III; and the liistoblasts of the external reproductive appendages (fig. 7. D. ¡dr). located ventrally in Segments XI and Xll in
the female larva, and in Segment XII in the male larva. The imaginai cells of the mid-intestine are located between the epithelial
I'ells near the basal membrane. (Fig. 7, C, ic.) The imaginai cells
of the anterior intestine are located at the distal extremity of the
esopliagus. generally known as the esophageal valve {e8v). The
24081—31
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hypodermal imaginai cells are noticed in abundance in late fourthstage larvae around the spiracles in each segment, from which point
they spread, sweeping off the old hypodermis as transformation
takes place. The imaginai Malpighian tube buds are located on
the posterior extremity of the ileo-colon.

FlOÜRB 7.—Liirval ravts ana reprortuotive organs (if Maa-occntrus gifumisis: A,
Spiracle of a tourth-stage larva with part of ei)itlielliim removed ; B, impression in
hardened silli ot the interior of the salivary gland opening ; a is the exterior thread,
6 is a portion accumulated during the hardening prucess, n is the dividing line at
the point where the two threads come together, and the shaded areas on each side
are the imprints of the presses ; C, median longitudinal section through anterior end
of raid-intestine of fourth-stage larva to show esophageal valve; 1>, longitudinal section through posterior end of body of larva slightly to left of median line ; E, grosso
modo view of male and female reproductive organs In the larva ; F, section through
gonad of male larva
EESPIRATOBT SYSTEM

The trachéal system is essentially similar to that described and
figured in the first stage. (Fig. 4, D.) It differs from the first stage
in that there are present nine pairs of open spiracles (fig. 7, A)
situated laterally and slightly dorsally on the anterior margins of
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segments II and IV to XI inclusive, connected with the lateral
trachéal trunks by a spiracular branch. The lateral trunks are
greater in diameter in proportion to the terminal tracheae than are
those of the first stage. In each segment the lateral trunks give off
branches which ramify to the fat, hypodermis, and other internal
organs. The head is supplied from branches arising in the first
thoracic segment, while in the last abdominal segment branches are
sent out from both trunks and the short transverse ventral commissure to supply the rectum, muscles, and the other organs and cells of
the segment.

FiGUBB 8.—Internal organs and head parts of larvae of Macrocentrus fjifuensis: A,
side view of fourth-stage larva, showing internal organs ; 1!, section through
salivary duct ; C, sections through salivary duct and spinneret ; D, spinneret seen
from above ; K, horizontal section through front part of head at level of spinneret;
P, musculature of head of fourth-stage larva, seen from above
NEJBVOUS SYSTEM

The nervous system (fig. 8, A) is of the usual hymenopterous
type 1" consisting of brain, subesophageal ganglion, and ventral
chain. The ventral chain extends to segment XI ; the two cords connecting the ventral ganglia are not fused as in certain Chaleididae
but are quite distinctly separated. The ventral chain is composed
of the subesophageal ganglion and 11 other distinct ganglia, the
w Vouknssovltch (SI) has written a very good account of the biology and larval anatomy
of M abdominalis, a parasite of Pmmmotis hyalinalia. In his drawings of tlie fully developed larva Voukassovitch figures two voluminous growths appearing on the posterior end
of the nerve chain. These organs are in reality the histoblasts of the reproductive
appendages which are supplied with nerve branches from the terminal ganglion.
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last one of which ])robably represents two ganglia that fused since
the first stage, as there are two pairs of nerve branches given off
from it.
The so-called sympathetic nervous system is represented by a small
spherical frontal ganglion (fig. 5, E, fg) situated above the esophagus just in front of the brain.
The writer has not olxserved the corpora allata.
DIGESTIVE SYSTEM

The digestive tract (fig. 8. A) is composed of the mouth, esophageal
pump, or pharynx, esophagus, mid-intestine, hind-intestine (wliich
is divided into two distinct jjortiims, ileo-colon and I'ectum). salivary
glands and Malpighian tubos. The mouth (fig. (S. E), pharynx (figs.
6, E, 8, F, exp) and esophagus {es) constitute the fore-intestine. The
first is a simple opening at the anterior end of the head situated
slightly ventrally. It is lined with a cuticular layer which is continuous with the outer skin; this layer of cuticle is surrounded internally (morphologically speaking) by a thick tube of cells similar to
and continuous with the hypodermal layer of the head. The esophageal ¡miup or pharynx is instrumental in taking in food material,
which it does by the contraction of the four pairs of muscles (fig.
8, F, 5-8) extending dorsally to the cranial wall above it and one
pair (fig. (), F, 15) extending to the tentoriuin. and the relaxation
of the mouth muscles and sul)sequent contraction of the circular
nmsculai' fibers encircling the ])uni]5. From this point the eso])hagus, becoming smaller, extends posteriorly to the mid-intestine.
(Fig. 8, A, fit.) At the point wliero the esophagus joins the midintestine the histoblasts of the fore-intestine, or the esophageal \alve
as it is often called (fig. 7, C, SKV). ])roject considerably into the
stomach. At this point the outer muscle fibers {fm) are more abundant, the cuticle extends into tlie stomach beyond the valve, and
the cells of the valve are somewhat elongated in viii'ious places. The
junction of the esophagus with the nnd-iiUestine is (jiiite distinct.
(Fig. 7, C.) The first cells in the wall of the mid-intestine {septn)
are grou|)e(l immediately postei-ior to the esopliageal valve; they arc
large elongate cells with elongate and more or less ii'regular nuclei
and many globules. From these cells as ali-eady desciibed conies ilie
¡»eriti-ophic membrane which incloses all of the undigested food and
fills three-fourths or more of the mid-intestine; caudad of this group
of cells is the mid-intestinal wall pro])er (mitep). This wall is
composed of an outer layer of muscle fibers, a basal membrane, and
il layer of large epithelial cells witii elongate irregular shaped iniclei,
containing granular and fibrous matter and many globules of unknown nature, most probably food material being absorbed. Between the cells of the wall on the outer edge can be seen here and
there bunches of small imaginai cells (ic). In the ])osteri()r end of
the mid-intestine the cells of the wall are greater in length near the
point where it joins the hind-intestine. The lumen of the mid-intestine is not continuous with that of the hind-intestine. In late
foui-th-stage larvae, however, these layers become less distinct at tliat
point; the walls of the two intestines fuse but leave the lumen blocked
by fibrous and granular matter until defecation takes place.
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The hind-intestine is distinctly divided into two portions, the ileocolon or anterior portion and the rectum or hinder part. The ileocolon, which anteriorly is a short narrow tube, thickens abruptly into
a more or less conical enlargement into which the two Malpighian
tubes ai-e inserted. (Fig. 8, A, il.) The extreme posterior part of
this enlargement bears the imaginai buds of the adult Malpighian
tubes (figs. 7, D. 8, A, hnt) (before the larva has spun these tubes
actually grow to a length of a millimeter or more). Immediately
candad of this point is a marked constriction, which separates the
ileo-colon from the rectum (/■). This organ has thick walls composed
of cells with .small round nuclei (hg. 6, A, /(/) (not unlike the other
cells of the hind-intestine) and a wide slitlike lumen continuous with
that of the ileo-eolon. From this enlargement posteriorly to the
anus the rectum is a straight though short ribbonlike tube ñattened
dorsoventrally. The wdiole of the hind-intestine is covereil exteriorly
by layers of iiiusfle fibers.
The salivary glands (fig. 8, A. ng) consist of four dorsally
branched longitudinal tubes, two on each side of the mid-intestine,
extending from tlie jiosterior extremity of this organ to the thorax.
The tubes on one side come together in the thorax, from which point
a single tube continues forward ventrally to the head, where it is
joined just below the mouth by the one from the other side. The
conunon duct is a short tube, (J-shaped in cross section, extending
ujjward to the extei-nal opening at the apex of the labium. (Fig. 8,
IÎ, sd, C, 0.) The spinneret (ñg. 8, E, spr) lies in the opening of the
salivary gland on the inferior lij). It is an elongate-oval passage
formed by two chitinous prongs which are outgrowths of the lower
labial lip. The superior lip of the opening is shaped like an inverted V. and the cuticle on each side of the V is considerably
thickened, thus forming two " presses " (fig. 8, C. D. E, pr) which,
when pulled into position against, the spinneret, oblige the silk to
pass out through this oi-gan. The posterior wall of the salivary
duct is impre.ssed by a vertical median groove. The cells surrounding the duct which secrete the chitinous lining are similar to and
contiinious with the hypodennal cells. Innnediately posterior to the
point where the two ducts separate, however, the cells become dift'er(>ntiated into large secretory cells (fig. 8, B, sg) with oblong nuclei
of considerable siy.e (fig. 5", E. ,s-,y), and this type of cell continues
to the distal extremity of the glands.
The Malpighian tubes (figs. 7. D, 8. A, mt) are simple tubes coni])osed of large cells with round or oval nuclei and a central lumen
which opens into the hind-intestine. Their position is the same as in
the first stage.
ThXlUM K.NTA1ÍY MUS( LE,S

The tegumentary nniscles include those of the head and those of
the bod}-. Those of the head are the two jiairs of mouth muscles
(fig. G, E. 3. 4) extending from the dorsal wall of the mouth to the
cranium above it; the eight dorsal pharyngeal muscles, three pairs
extending from the pharynx dorsad of the cranium (figs. (î. E, 8, F,
5. (i. 7) and one pair attached laterally but extending doisatl and
slightly anteriorly to the cranium (figs.'C, E, 8. F. 8) ; and a ventral
pair (fig. C. E. 15) extending ventrally and slightly posteriorly from
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the lower pharyngeal wall to the tentorium. Those of the salivary
duct are, one pair of short muscles situated anteriorly to the duct
under the spinneret (figs. 6, E, 8, F, 1), and one pair attached to the
posterior wall of the duct (figs. 6, E, 8, F, 2) and extending posteriorly and somewhat laterally to the lower wall of the pharynx.
One pair of rather frail muscles extends from the tentorium posteriorly to the esophagus. (Fig. 6, E, 10.) The maxillary muscles are
attached posteriorly to the tentorium and extend obliquely forward
laterally and somewhat ventrally to the maxillary suture. (Fig.
8, F, 9.) The labial muscles attach laterally and somewhat ventrally near the posterior border of the head and extend anteriorly
and inward, attaching to the labial suture. (Fig. 8, F, 11.) The
mandibular muscles, the most prominent and voluminous of the head
muscles, attach laterally to the head wall, almost filling the cheeks,
and converge inwardly, attaching to the cartilages on the mandibles.
One group, the extensors (fig. 8, F, l.S), is not so voluminous as the
other group, the flexors (fig. 8, F, 14).
The body muscles are as follows (lig. 6, 15) (described from a
preparation of the right half of the body) : Segment I is provided
with a dorsolateral group of six {dl 6-1) and a ventrolateral group of
four longitudinal {vl 4-1) muscles; three isolated muscles extendhig
obliquely in a dorsoventral direction {dvo 1-3) ; two isolated muscles
extending obliquely in a ventrodorsal direction {vdo 1-2) ; the above
muscles extend from the posterior to the anterior border of the segment; in addition there is a short transverse muscle extending along
the intersegmental line (< 1), and another in the anterior quarter of
the segment {t fi)." Segment II is similar except that the ventrodorsal 2 is absent; Segment III is similar to II; Segment IV (first
abdominal) is similar to II with the addition of four other short
transverse muscles {t 2-5) and two ventrodorsal oblique {vdo 3-4) ;
Segments V to XI are similar to Segment IV, while XII has only the
dorsolateral and ventrolateral groups, one of which extends from the
anterior border of the segment to the rectum.
CIKCtXLATOBY SYSTEM

The heart is a muscular tubelike organ with a number of segmental intake valves not unlike the typical hymenopterous heart as
described by Nelson {16) for the honeybee. It originates in the
twelfth abdominal segment and extends anteriorly. The aorta, a
small straight tube, conducts the blood forward to the brain ; the
heart and aorta constitute the dorsal vessel and this organ is suspended from the body wall by tiny fibers. The heart proper is surrounded by pericardial cells. (Fig. C, C, pc.) It is operated by
groups of small muscular fibers extending laterally to the intersegmental lines where they are attached, and muscular fibers within
its own walls; the pericardial cells lie between two layers of these
muscles, thus forming what is called the dorsal diaphragm.
KEl'KODUCTIVE ORGANS

The reproductive organs of the male larva (fig. T, E, F) consist of
two small oval gonads located in the posterior part of the visceral
11 These muscles are numbered to conform with a scheme already elaborated for other
«peeles la earlier publications (J9).
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cavity and attached by a short stalk to the center of the simple
histoblast located on the floor of the abdomen at the posterior edge
of the ninth abdominal segment. Those of the female larva (fig. 7,
D, E) consist of two small ovaries in the seventh abdominal segment attached by short stalks to the small imaginai disks located
on the floor of this segment. In addition there are the histoblasts
of the ovipositor and sheath located on the floor at the posterior edge
of the eighth and anterior edge of the ninth abdominal segments.
FAT BODY AND XJEATE CELLS

The fat body (fig. 6, A, /) consists of four principal lobes extending longitudinally between the stomach and the layer of tegumentary muscles as well as
small pieces between the
hyi^odermis and muscular layer.
The urate cells (fig. 6,
A, u) are interspersed
among the fat cells in
those portions of the four
principal lobes which are
in contact with the midintestine. There are no
urate cells in the thorax.
The oenocytcs (fig. G, A,
7, D, oe) are found singly or in groups, principally laterally near the
spiracles.
THE PREPUPA AND
PUPA

FiGDHE 9.—Three cocoon colonies of Macrecentrua

gifucnsis. The shri\eled hkin ot the host may be
The prepupa and pupa
seen attached to the lower half of each of the
are of the usual hytwo vertical masses. X -'),{.
men opterons type. The
female pupa can easily be distinguished by the long ovipositor which
is curved dorsally and extends almost to the head.

THE COCOON
The silk spun by the larva is at first of a delicate, fluffy, cottony
texture and retains this appearance until the cocoons are almost
completed, when each cocoon takes on a glistening finish due to its
glossy, compact inner texture. Each cocoon bears internally at the
anterior end a small thick disk of hardened material forming a round
cap at this point. The whole mass is of a light-brown color through
which the larva, and later its dark-brown meconium, can be seen.
The individual parasite larvae which have developed within a
single host, upon emergence from it, construct their cocoons gregariously in an elongate mass, with their longitudinal axes nearly
parallel. The whole colony forms a cigar-shaped mass about 23 mm.
long by 4 to 5 mm. in diameter, to which is attached the shriveled
skin of the host. (Fig. 9.)
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BIOLOGY
EMERGENCE
When ready to emerge, the adult by its contortions splits the pnpal
skin inclosing it, works it oíí' the body in pieces, chews oiï the small
disklike cap on the anterior end of the cocoon, and shoves its way
through the remaining threads of silk inclosing the cocoon mass.
Emergence may take place at any time of day or night. ITsually
the individuals of a single colony issue more or less simultaneously,
although in some cases emergence may extend over a period of
about 24 hours.
LIGHT REACTIONS
The adults are ]iositively phototropic but not intensely so. The
degree of this positive phototropism is such that it is a help in
manipulating the adults ni laboratory breeding and rearing work.
FEEDING
The adults of both sexes readily absorb ]ilain water or water
sweetened with sugar or honey. The best food is dilute fresh honey
water which they eat in stich (piantity that their abdomens become
distended. They partake of concentrated sugais but slightly; however. Pure water prolongs tlieir lives somewhat.
OOGÉNESIS
At emergence there is at least one fully developed egg in tlie lower
part of each ovarian tube: sometimes there are two, and occasionally
three, thus allowing for a total of 24 eggs or more at the time of
emergence. Immediately above the developed egg or eggs in the
maturation chambers tliere are from one to three oocytes in diíí'erent stages of develojjnient, the most advanced being, naturally, the
one nearest the lower extremity of the tube; the nurse cells are
observed to be pouring their contents into the oocytes. Each oocyte
has a large conspicuous nucleus surroiuuh'd by granular matter,
which is in turn inclosed in a membrane of cellular structure with
prominent, easily stained imclei. The terminal chamber is fíUed
with nurse cells and germ cells in the ])r()cess of division and
differentiation.
F'emales kept at a temperature of 25° C. without moisture and
fed on sugar water for three days were observed to have two or
three developed eggs in each ovarian tube, thus augmenting the
original junnber present at emergence bj' at least 24 eggs in three
days. In two cases one egg was found down in the i)aired oviducts
after two days, and in one case three eggs, but in other examinations
after a longer jieriod no eggs were found down in these ducts.
Females 15 days old have frojn 5 to 8 develojjed eggs in each ovarian
tube, thus allowing for a total of about 20() eggs. Counts of eggs
and oocytes show that a female is capable ()f developing at least
200 to 300 eggs.
COPULATION
The males are sexually active immediately after emergence and
when they are placed with females uniting takes place immediately.
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The female struggles to prevent copulation but the male usually
overcomes this resistance. No time is lost on preliminary maneuvers; the male mounts upcm the female, bends the tip of the
abdomen under that of the female and fertilizes her, the contact
lasting but a few seconds. During this time the female may remain
more or le.ss still or she may walk around the cage dragging the
male with her. In this case the male retains his hold only by the
abdominal claspers while struggling to brace his feet on the surface
of the cage. The female does not usually permit a second mating;
her struggles to prevent it are violent and consistent, though sometimes the male overcomes this resistance and a second mating takes
place. Sexual activity of the males is more pronounced when they
are not confined in a small space. If males and females emerge
together in a small vial a limited activity is manifested by the males,
but when this lot is released into a larger container the males again
start mating. This is true also of a great number of other parasitic
insects. It is probable that in a small space the air becomes thoroughly saturated with the odor of the females and the males who
become satiated with this scent are less responsive to it as a mating
stimulus. This factor and the crowding which takes place in a
small space render mating difficult in case there are a number of
individuals present.
OVIPOSITION
THE FEMALE DURING OVIPOSITION

Females are not ready to oviposit immediately after emergence
but require a period of three or four days to develop their interest
in the host, an interest increasing as the number of eggs in the
ovaries augments; by the foTu-th day interest is lively, and by the
eighth day it is intense.
Oviposition takes place best at a temperature of about 22° to
25° C. The females show little or no interest in host larvae when
the temperature drops below 20°.
Activities are decidedly more brisk in the morning before the
daily feeding. After feeding the females are somewhat sluggish
and their interest wanes. Bright sunlight seems to stimulate oviposition activities.
Females could not be induced to oviposit in Pyrausta eggs.
When sujiplied with host larvae in cells or webs on leaves of
Rumex, Artemisia, corn, etc., the female immediately dire«ts her
attention to the infested point. The fir.st indication of the oviposition stimulus is the slight unsheathing of the ovipositor. It is
probable that this movement brings an egg down from the oviduct
to a position of readiness in the vagina or proximal end of the ovipositor. This sujjposition is strengthened by the observation that
the females have a tendency, once the ovipositor is imsheathed in
this manner, not to sheath it again until an egg has been laid.
A few seconds after this movement the fennile raises the end of the
abdomen, brings the tip of the ovipositor forward to a jioint under
the bodv, and commences to prod rapidly the area wjiere the larva
has been feeding. The antennae are extended forward and somewhat separated, the wings are raised, the ovipositor is held pointing
forward and downward, the sheath describes a loop upwards and
Í4081—31-
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backwards, curving around the end of the abdomen until it points
forward and downward. (Fig. 10.) The sheath retains the ovipositor in its tip at a point about one-third to one-half of the distance from the base and seems to direct that organ in the forward
and sidewise exploration thrusts. Whether or not the sheath actually plays any considerable part in the guiding of the ovipositor is
somewhat doubtful, as it probably is pulled into this position by
the ovipositor and retains a hold on the latter as the point of this
instrument is brought forward between the front legs by the group
of strong muscles attached to its base. This is the only position
the sheath can assume unless it releases the ovipositor entirely, in
which case it straightens out and points upwards posteriorly; this
actually happens quite often, but the work of exploring and stinging
the host larvae continues just as well without the aid of the sheath.
It is noted, liowever, that
the ovipositor can be bent
slightly in any direction at
its middle or near its tip by
the action of the muscles of
the sheath.
When the female perceives
that a larva is actually present she becomes excited and
her thrusts become more
frequent ; if the point of the
ovipositor comes into contact with the larva it is
thrust into the latter, an egg
is quickly laid, and the ovipositor is almost immediately withdrawn, straightened
out, and sheathed.
FiauRB lO.T—Female Macroccntrus
fucnsis
Because of the manner in
position for ovipositing. X
which she manipulates her
long ovipositor it is ¡practically impossible for a female to sting a
free-crawling larva. The larva must be in a web or a hole whence its
escape will be retarded for the brief period of time necessary to
allow the female to locate and sting it.
The places most explored and apparently the most agreeable for
the female to give her thrusts are under the edges of a leaf where
the leaf is held flat against another surface and in holes in the
stems and leaves, etc. If larvae are free on the surface of a leaf
and the spot is designated by frass or a bit of web, the female will
go through her typical exploration movements for hours and often
not hit a single larva, especialy if the larvae are small (^first or second stage). The thrusts are made in any or all directions and an
egg is laid only if by chance the ovipositor encounters the larva.
During this time the point of the ovipositor may be in contact with
the leaf in the vicinity of the larva, but it does not penetrate the
leaf. Isolated larvae attract the female little or not at all. Occasionally the female, thrusting vigorously to lodge the sting, will
apparently " pursue " or " wrestle " with a larva driven from its
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feeding point, but when such cases are closely examined it is often
found that the larva is retreating and is dragging the female by a
leg which it has seized in its mandibles.
After giving a thrust the female withdraws her ovipositor,
sheathes it, and pauses for an instant as if to repose after the labor
of oviposition. She does not, however, abandon the spot, but almost
immediately resumes her exploratory thrusts, and if the larva is
again encountered it receives another thrust. The larval burrow
with its accumulation of frass and web has a very strong attraction
for the female. Even though the larva leaves the burrow, the
female will remain in its vicinity for a considerable time (an hour
or more), thrusting vigorously around and into the empty burrow.
No expression can better describe the actions and movements of
the females than to say that they appear to be extremely stupid.
They can not locate the host precisely and often stumble around
over a larva without stinging it at all.
Such behavior among insects is common, however, the rule rather
than the exception, and numerous similar cases can be cited. Lundie
{14) has observed that in the case of Aphelinus mali Hald., when
this parasite turns and thrusts backwards (as is its custom) to oviposit in Eriosoma lardgerum Hausm., if the aphid moves away the
parasite remains there for some moments thrusting into the air.
The writer has observed an identical proceeding in the case of
(Cholds) Brachymeria fonscoTomhei Duf. when depositing in larvae
of species of Sarcophaga. Another case analogous to these has been
observed by the writer in mating adults of Eulimneria crassifemur
Thorns, (another parasite of P. nubihilis). The male moves around
the immobile female, fanning her with his wings during a preliminary courtship period ; if the female moves away the male will
nevertheless continue his fantastic gyrations for some time before
he eventually discovers that his mate lias walked away.
THE HOST LARVA DURING OVIPOSITION

The attacked larva generally shows its excitement by quick contortions of the body and by retreating farther into its burrow. If
the burrow is shallow and the larva can not retreat, it leaves the burrow at once and squirms away rapidly; if the burrow is of moderate
depth but not so deep as to permit complete escape from the sting of
the female, thus presenting ideal conditions for oviposition, the larva will most certainly receive a number of additional thrusts ; if the
burrow is very deep the larva by retreating escapes completely from
further attack for the moment at least.
When touched by a Macrocentrus, the larva makes vigorcnis efforts to escape. These efforts are tripled after it has received a
trust, and often it will rush out of its shallow burrow even when a
female is standing at the opening thrusting vigorously into the interior. This sudden rush usually dismays or upsets the female, and
in a case of this sort the additional thrust given at this moment does
not succeed.
POSITION AND NUMBER OF EGGS IN HOST

The eggs are lodged in almost any place in the body. The writer
has observed them free in the general body cavity, in the epithelial
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tissue of the inid-iiitestine, in fat, muscles, oenocytes, or stuck close
to the hypodennal cells: sometimes (but rarely) they are laid between the hypodermal cells and the cuticle. It is possible that some
are placed in the difiestive tract, but these would probably be evacuated.
One of the phases of the biology of M. <iifui'n«ix which the writer
has tried to clarify is the number of eggs laid in a host by a female
at a single thrust of the ovipositor. The importance of thi.s point
can be appreciated when it is considered in connection with the
polyembryonic development of this species. X^nfortunately in actual
practice it is not easy to demonstrate this ])oint as it would be with
a monenibryonic s})ecies. The simple process of allowing a female
to pierce a larva and then recovering the egg can not be relied upon
for the reason that in most cases no egg can be found. While it is
possible that the female gives some futile thrusts, it is more probable that the majority of her thrusts are successful and that the
failure to find, an egg to account for each thrust iiuiy be explained
by the probability of the egg being lodged by chance in some organ
of the host and not floating freely out into the dissecting solution.
It is more often the case that parasitic Hymenoptera lay one egg
at a single thrust of the ovipositor. There are, however, some exceptions, such as Apanteles thom/psoni Lyle. which deposits 10 to
20 eggs at a single thrust (<^), and Platygaster hiemaJin Forbes,
which deposits 4 to 8 (ia?).
The writer concludes, after a long series of observations, that generally one egg is laid at a single thrust. It is possible, however, that
in some cases two or three are laid but not more than this number.
The following are some of the principal observations upon which
the writer bases this conclusion: (1) Many larvae have been dissected in physiological solutions innnediately after being pierced
by a female. In most cases no eggs were found therein, in some
cases 1 egg was found, and in no case was more than 1 egg found
after a single thrust. (2) Larvae having received from 5 to '20
thrusts each were dissected in a ))hysiological solution; 1 or 2 eggs
were found in each of several difterent larvae, witii a nuixinuim of
3 in one larva which had received about 15 thrusts. (3) It may be
said as an objection to this line of reasoning that should 31. </!fu('nni.<t
deposit 10 to 20 eggs at a single thrust they miglit be lodged in a
group within a nuiscle or other host organ. The following data
seem to refute this, however: In one case the writer, by attaching
the larva as described under the heading technic, caused it to bo
pierced more than 20 tinu's by a female ^[acrocentrus. This larva
was tlien tíxed aiul sectioned. A number of eggs were found in it,
some fi-ee in the body cavity, others in the fat body within nniscles,
and 1 between the hy|)0(lermis and the iiit<>gument, but they were
generally single eggs. No large groups or hatclies of eggs were
found together: occasionally there were 2 or ;î near each other without tlieir presenting, however, the a])])earance of having been laid
together as would necessarily be the case if a large number had
been de])osited at a single thrust, (-t) The long-sustained interest
and continued series of ovi[)osition thrusts observed on the part
of a single gravid female is another ai'gtuiient in favor of the singleegg theory. As lias been stated, a female will continue to sting a
caterpillar, provided it can not escape, during an hour or more.
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Considering that a female possesses a relatively small number of
eggs in her oviduct and that they ripen rather slowly, it seems more
reasonable to suppose that she would soon deposit all the available
eggs in a few thrusts and then desist.
SEGMENTATION OF THE EGG
Tjic earliest stage of segmentation observed by the writer was in
an unstained egg of unknown age (but less than 5 hours). The following is a description of this egg: Length 0.12 nun., width 0.048 mm.
There are two cells with clearly defined walls and nuclei in the central part of the egg, surrounded by the granular contents of the egg,
and another cell or nucleus of a granular nature but different from
the other two at the lower end ; this latter may be the germ-cel'l
determinant.
Another egg in about the same stage of segmentaticm is illustrated
from fixed and stained material in Figure 2, B. Figure 11, A, represents an egg less than 5 "hours old in which there are four large cells
of equal importance and
three cells or masses of
protoplasmic material
of an entirely different
nature. It is probable
that these three are the
polar bodies which will
later form the jiaranucleus, while the four
larger ones are blastomei'es.
Another
unstained
egg observed in physiological solution is illiis
trated in Figure 11, B. FKîVKE 11.—Eggs of Mocrocentrus gifucnsis in different
and the following destaiçi'S of development ; A, Egg less than r* houis old
(Bouin's) ; B, egg less tlinn 3 hours old, showing
scription applies to it:
complete segmentation ; C, egg 9'/2 hours old, showing
dilïerentiation into germinativo (or embryonic) cells,
Length 0.125 mm., width
paranucleus, and trophamnios ; D, cell in the dividing
O.Oatí nun., age less than
stage (metaphase)
.5 hours : there are 14
cells, 2 smaller ones, 10 microns in diameter, and 12 larger ones,
20 microns in diameter; the nuclei are round and clear and each
is surrounded by a tíiin layer of granular matter, none of
which oc('urs inside the nucleus; there are 10 to 12 small round
globules of unknown material scattered here and there in the egg but
lying outside of the cells; 4 of the.se are in one end; at the opposite
eiid there is a mass of dense granular material partly surrounding
and inclosing the cells of that end; in this material small globules
can be seen, and at one point there is a conglomeration of these
globules and a thickening of the granular material, resembling a
nucleus: this granular substance may be the polar-body material
destined to furnish the paranucleus : it extends nearly half way down
the egg on one side and about a third on the other side.
Another egg 3 hours old has 18 cells of two sizes (the smaller one
being about half as big as the others), but of the same sort, while
still another egg 3 hours old has about 32 cells about equal in diameter
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to the smaller ones in the 18-celled egg. This egg has conglomerations of granular matter at each pole, and along one side, partially
extending in between the blastomeres, but no definite cells or nuclei
can be seen in this granular matter.
Other eggs of various ages up to 9% hours have been observed, but
in many of these eggs segmentation is less advanced than in those in
Figure 11, B. Often only 2 to 6 cells are present. Figure 11, C, is
drawn from an egg 9i^ hours old stained in méthylène blue. There
are 2 cells (polar bodies) in the lower end of the egg and 4 germinative cells in the central part, the former being distinctly separated
from the latter by a membrane or line of differentiation ; the central
cells are in an area of clear material while the remainder of the
ooplasm is pushed outward to the periphery where it forms a rather
thick wall.
GROWTH AND DEVELOPMENT OF THE EGG

The next stage in the development of the egg (fig. 12, A, B, C), as
observed by the writer, presents a remarkable change from the previous stage. The pregerm varies in diameter from Ü.01C to 0.027 mm.,
is spherical in form, has a rather thick outer wall, a layer of smooth
granular material, the trophamnios {tro), in which is embedded a
large oval nucleus of irregular granular content, the paranucleus
(prn), probably derived from the polar bodies, and two or' three
smaller cells with small round nuclei, which constitute the germinativo center.
This stage is called for convenience the pregerm. It is usually
lodged in the adipose tissue where it determines a distinct swelling
of the nucleus of the cell in which it is lodged and of the cells immediately around it. B and C in Figure 12 are drawn from a sectioned larva fixed after 43 days at 18° C, while A is from an egg
36 days old at 18° C. No stages between the egg of 914 hours and
the pregerm have been observed by the writer.
The pregerms loose in the visceral cavity have a thinner chorion.
Coincident with the appearance of these pregerms in laboratoryreared larvae, others appear which are similar in structure exce])t
that they have no germinativo cells (fig. 13, A, B), all their contents being in a central spherical body resembling the paranuclei of
other pregerms. These bodies are most probably pseudogerms.
The question naturally arises, "What are the intermediate stages
through which the egg passes to form the pregerm ? " While no
definite answer can be given to this question for the present, the
writer proposes two hypotheses.
The first hypothesis is that the egg continues the process of segmentation until a large number of cells of two sorts are present; i. e.,
a group derived from the polar bodies and a group derived from
the blastomeres. The egg then dissociates and these cells scatter
in groups of from one to four. When two or more cells cling together, or come together after separation, thus forming a group, a
pregerm is formed, provided there is present at least one cell of
each sort; a polar cell (or cells) without a blastomere gives rise to a
pseudogerm. This hypothesis would explain (1) the small size of
the pregerm as compared to the original egg, (2) the small number
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of cells present in the pregerm, and (3) the presence of the
pseudogerins.
The second hypothesis, which seems more probable, is that each
pregerm represents an entire egg which has progressed to a certain

FiGUUB 12.—Pregerms of Macrooentrus gifuensis. A.—Early pregerm lodged in a
iat cell. The two embryonic cells are in aiiaphase. B.—Early pregerm with
two embryonic cells. C.—Early pregerm with three embryonic cells. D.—Pregerm with four embryonic cells. E.—Pregerm with five embryonic cells. P.—•
Pregerm in which the embryonic cells are not associated in a gorminative center
(probably an aborted condition). G.—Another pregerm in the same condition
surrounded by pbagiicytes

point in segmentation and that each pseudogerm represents an egg
which for some unknown reason (not lack of fertilization) has not
segmented in the normal manner, and consequently is without
embryonic cells.
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The difference in the number of cells often observed in eggs only
a few hours old and the number of cells observed in the pregerni
could be explained by supposing that some eggs segment more rapidly than others and furnish pregerms such as those shown in Fig-

ure 13, D, E. This possibility is further supported by the fact that
the writer has observed eggs of less than 5 hours of age having
13 to 30 cells and other eggs 9 hours old having only 4 to C cells.
Thus it would seem that tiie egg in Figure 11, C, which is 91/2 hours
old, is in the first stages of transformation to a pregerm; the essential
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elements of the pref¡;eiin are present, namely, two polar bodies which
may unite to form the ])aranucleus, the germinative center of four
cells, and the trophamnios or outer wall.
It is pointed out that Silvestri (25) has followed the early stages
of segmentation of the ejifi of Ageniaspis fuscicollis prctijsincola, a
polyembryonic clialcid, and shows that the pregerm is quite similar
to that produced in .)/. f/lfuensis. The same author {28) has illustrated the early stages of /■'iivi/rtus mayri, which are similar to those
of A. fuscicollis.
The next stage in the development of the pregerm is illustrated
by Figure 12, I), E. These pregerms are 63 days old and were kept
at temperatures varying daily from 20° to 24° C. They are of the
same structure as those previously recorded, but have four or five
germinative cells. Figure 12, G, represents a pregerm loose in the
visceral cavity and surrounded by phagocytes. It is evidently
abnormal, probably having ceased development in a stage before the
germinative cells become associated in a germinative center. This
jnegerni might have lK>en derived from an egg which imderwent considerable segmentation during its early days, as the number of
germinative cells is seen to be markedly greater than in the other
l>regerins. The germ in Figure 12, F, was also loose in the body
cavity and is surrounded by phagocytes. Figiue 12, E, is a typical
example of the pregerm of this stage. Examples taken from fields
September 1 and estimated to have the same age are found to be in
identical stages.
The number of cells in the germinative center continues to increase
by mitotic division to about 20 to 40. This stage, tliough differing
from the pregerm only in this point, is here called primary germ in
order to distinguish it from other stages. The paranucleus now
divides by fission and the germinative center divides by a central
constriction, forming two more or less spherical germinative centers,
each accompanied bv a paranuclear cell. (Fig. 13, C.) Each
daughter germ thus formed is surrounded by and contained within
the trophamniotic material.
This phase represents the first absolute multiplication of a preembryo which the writer has observed, and it establishes polyembr_yony. The two daughter germs arising from this division are
liere called secondary germs. Figure 13, C, is an example from fieldcollected material about October 1.
Following one of the secondary germs during its development it is
.seen that in the next stage (fig. 13, D, E!, F) the paranuclear cell
divides by fission (D), giving 2 paranuclei, and these in turn (Hvide
in an irregular manner giving rise to 4 or 5 paranuclei, which by
remaining in the trophamnios automatically come to encircle the
germinative center (F). In F two paranuclei are seen dividing while
some of the germinative cells are likewise dividing.
The germinative center of the secondary germ is now composed of
30 to 40 cells and is completely surrounded by the tliick trophamnios
in which the large paranuclei (fig. 13, G) are embedded. As
growth continues the germinative cells become more numerous, the
paranuclei divide ñuther, becoming relatively smaller, and the tro-
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phamnios, which is absorbing material from the host blood, increases
somewhat in thickness. (Fig. 14, C.)
When the germinative center of the secondary germs reaches that
stage of growth in which it is composed of about 200 to 300 cells it
again divides in two parts to form two similar germinative centers
or tertiary germs contained in the same trophamnios. (Fig. 14, A.)
These germinative centers may develop to embryos or may perhaps divide once or several times in the same manner, thus producing
parasite bodies containing 2, 3, 4, 5, or G germinative centers such
as those represented in Figures 14, B, and 15, A.
ec
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FiGuiíB 14.—Gorms and morulao in Macroccntrus (jifaaisis: Á, Secondary Rerm dividing to form two tertiary gorms ; B, a 3-morula body ; C, an isolated mórula ; D,
two morul.ie separating

The germs in such parasite bodies may not, however, remain together but (under the mechanical influence of the surrounding organs
of the host, such as trachéal tubes, muscles, or nerve fibers, together
with the general tendency of the trophamnios to enlarge and dissociate) may come apart. In this case such a dissociation is accompanied by a " flowing-in " process on the part of the paranuclei, these
moving within the trophamnios and coming between the germinative
centers in such a manner that each geminative center as it dissociates
from the others is surrounded by the trophamnios. (Fig. 14, D.)
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In the process of development from pregerm it is not known
exactly how many times the division by fission takes place. It is
probable that this phase of the activities varies according to the
physiological condition of the host, location of the germs within the
host, etc. It is even very likely that some of the pregerms do not
divide at all but simply continue their growth in a regular and simple
manner to produce a single mórula. (Fig. 15, B, C.) However, the
writer has no absolute proof of monembryony.
In the writer's opinion, morulae may be produced at any of several
points along the line of development, such as from the secondary
germ (fig. í'¿, D, G) or from the tertiary germ. (Fig. 14, A.)

^

B'iGtJRE 15.—Morulue in Maoocinttua gifuensis: A, A 6-moiula parasite body; B, two
isolated morulae in fat body ; C, isolated mórula surrounded by host tissue

Thus the term " mórula " as used here indicates a germinativo center of the types represented in Figures 14, C, D, and 15, A, C, in which
no more fission will take place, i. c., each mórula will produce only
one larva. Under these conditions Figure 14, B, represents a 3morula parasite body, Figure 15, A, a C-morula parasite body, and
all such bodies having more than one mórula may be called polymorulae.
Figure 16 is a schematic arrangement representing the manner
of growth and division of the parasite. from pregerm to mórula
according to the writer's idea.
In general it seems that dissociation of the polymorula is the rule
rather than the exception, for in host larvae containing advanced
stages it is observed that the majority are simple morulae.
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The morilla continues its growth and after consiilerable increase
in size transforms directly into a sort of oval disk with reflexed
borders. (Fig. 17, A.) This disk by prolongation and curling becomes more slender until it has somewhat of a nematode form.
Segments then begin to
i
mo
e
appear (ñg. 17, E) and
organs become differentiated.
At this stage the troplianmios has diminished considerably in
thickness and tlie j)aranuclei are flattening
out. Figure 17. H. C,
shows this nieinbrane
ill a degenerating condition.
PSEUDOGERMS
Pseudogerms (hgs.
13. A. B. 18. A. and pi.
1. C) are found in
parasitized larvae simultaneously with the
])rt>gerni. They undoubtedly
represent
fractions of a dissociated egg wliich are not
provided with gei'minative cells, or entire
eggs which for some
unknown reason fail to
segnu'Ut in the regular
manner. Some of these
pseudogei'ms are morsels of troj)hamnios
which have dissociated
from i)arasite bodies
during their process of
growth and dissociation. In Figure 15, A,
FIGURE 16.—Schematic arruiiiçeineut of devcI<)i)inK forms
for exam])le, a i)iece
of Macrocfntrus {/ifuensis (o illustrate tlie method of
multiplication and dissociation of ííerminatlve centers
ifr//) is shown which
/, primary germ ; 2, secondary (term : .¡. tertiary «erin
will certaiidy break
-i, quarteríiary germ ; mo, mórula ; e, embryo
away from tlie main
body along the line X-X, and in Plate 1, A, a simple mórula is .shown
with a piece (frff) wdiich will probably break away.
The constituents of the ]isendogei-m aie tro])hanniiotic material and
paranuclei.^ No germinative cells are present as in the germs and
morulae. The pseudogerms are of all sizes up to about Ü mm. in
length. The smaller ones and some of the lai'gcr ones are spherical;
most of the larger ones are oblong, oval, or irregular in outline.
Others, as shown in Figure 18, A, are of grotesfjue shapes.
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PHOTOMICROGRAPHS SHOWING EMBRYOS, MORULAE. AND PSEUDOGERMS

IN

MACROCENTRUS

GIFUENSIS

\, l'hotonikTofîriiph sliowiii^i a sirifile inoruhi in a late stage of devolojuiient .surrouruled l>y liost
ortííins. Thv pioci' (iosit-Muileii frg will probably become detached to form a j>seuiiojierin. The
piece vsgm has already hocoine delacheil. (Boiiin's, tjlyeheinaluin and eosiiie.); ]i, psoudogerm
or trophamiiioiic fragment Ix'iweon host organs; (', a2-morula i)arasite body, a ;i-inorula parasite
body, and a pseiidogcrrn surrounded by host tissues; 1). a greatly enlarged pholoniicroKraph
showing a section of the 6-niorula parasite body illustrated in Figure l-'>, A. (cu, cuticle;
Í, embryo; ec, embryonic cavity; /, fat; m, muscle; pha, ])hagücyles; prn, paranueleus; psgm,
pseudogerrn; frg, fragment; tro, troi)hamnios; r, vacuole.)
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The psewlofreinis seem to <;i-ow by the absorption of nourishini;
material from the host and the continued division of the paranuclei.
They divide by fission thus producing nuiny smaller pseudogerms.
The trophanmiotic fraf^ments derived from the parasite bodies or
true morulac in tlie process of dissociation seem also to <>;row and
divide.

,i? -ht
^
p
ït /
M /-ec

r

ßf
^/

-tro
Dm

FiGriiE 17.—Kmlnvos in Maci-ocentrus i/ifucnais: A, Early embi-yo ¡u edge of tat
body ; B, imbrv(. shciwini; dpg«neriitii>n of tlip trophammos ; C, late embryo showing further (Icigcncratioii of the tro|ihaniiii(>s ; D, four embryos developing in the
same parasite liody : K. parasite body of three morulae and three embryos ; F, late
embryo

So far as the writer has been able to ascertain, no pseudogerms
develop into real germs. They continue dissociation until near hatching time when large numbers of small ones having five to seven paranuclei are present. They remain in the visceraj cavity antl are
eventually eaten by the third and fourth stage larvae.
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CYST FORMATION
Certain polyembryonic chalcids {Ageniaspis fuscicoUis, A. testaceipes, etc., durinfx their development cause a definite proliferation
of host tissue about the developing eggs in such a manner that all the
germs arising from a single egg remain together in a single parasite
body. Such is not the case with M. gifwnsis. There is no such proliferation of the host tissue to form a nucleated cyst. The pregerm
does, notwithstanding, determine a swelling of the nucleus of the fat
cell in which it is lodged and of the nuclei of adjoining cells as well.
(Figs. 12, A, IÎ, C,
13, A.)
As the germ grows
the chorion is pushed
outward until it coincides with the wall of
the fat cell; as this
takes place the nucleus
of this cell is pushed
to the periphery, and
in turn other fat and
blootl cells are displaced. Their walls
and contents tluis form
a sort of improvised
cyst of mesenchymatous material around
the germ or polygerin.
If the germ grows to
a large parasite body
FiGUKB 18.—Larvae of Macrocentrus i/ituensia in process
of hatching ; A, Pseudogerms taken from host larva
it will probably break
about the time parasites are hatching ; B, hatching
larva held between muscles of host by trophamnios ;
out of this cyst in
C. hatching larva emerging from fat tiody ; 1), two
part or entirely, so that
hatching larvae after unfolding, still inclosed by the
trophamnios ; E, two larvae in other positions before
as (levelopiiiciit continunfolding
ues many germs both
single and multiple are found with no tissue of any sort inclosing
them, tlie trophamnios being in direct contact with the host blood.
Others remain within this improvised cyst until the parasite larva
is fully formed.
LARVAL HABITS
HATCHING

By the time the larva is fully formed the trophamnios is more or
less exhausted and is reduced to an extremely thin membrane with
flattened nuclei. (Fig. 17, C, tro.) It still retains its approximate
spherical form, however, until time for eclosión, when the larva
straightens out its body. This movement stretches the membrane to
the length of the larva (fig. 18, B, C, D) and brings the mandibles
in contact with it, thus enabling the larva to chew its way out,
which it does within a few hours. Sometimes the head may be out
and feeding started before the membrane is slipped completely off
the body. The mid-intestine then begins to fill with fat glojbules
and the trachea with gases, so that both organs arc more easily
discerned.
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In cases where the larvae are fixed in the muscles or fat of the
host the stretching-out process results in the anterior portion of the
parasite larva being protruded while the posterior portion remains
among the organs or fat where the germ was originally lodged.
The larva thus seems to be fixed in this position by the anal extremity, but in reality the whole body is inclosed by the membrane.
When hatching is completed the larva retains no further connection
with the host organs but is free in the visceral cavity.
DESTRUCTION OF GEKMS AND LARVAE

In the course of development some germs are found apparently
dead and surrounded by phagocytes. Some of the smaller germs
in a polyinorula do not develop, probably because of their being inhibited in some way by their close proximity to larger germs.
Some embryos in the polymorula are destroyed at the moment of
hatching by the earlier unfolding larvae. If the larva unfolds in
such a way that there is an embryo near its mandibles, that embryo
is killed by the chewing of the unfolded larva.
Often for unknown reasons (perhaps associated with mechanical
injury or crowding) a single larva or a larva in a parasite body
will die without unfolding. The number of larvae dying in this
manner is greater in hosts bearing a large number of individuals.
The earliest hatched larvae destroy, in their feeding activities,
many germs of large size as well as many hatching and some fully
hatched larvae.
The data in Table ?>, taken from dissections of 16 parasitized
larvae made in the spring of 1929, will shed some light on the destruction of supernumerary germs and larvae. In this connection
it is pointed out (as discussed elsewhere) that the average size of
the male colony is 24 individuals, that of the female colony 16,
and of mixed sexes 20.9.
TABLE

8.—Data on the parasite œntent of 16 larvae of Pyrausta nubilalis from
the field in the spring of 1928
Contents
Number of germs 1

Larva
No.

Number of small Number of
amniotic frag- large amniotic fragmonts or
pseudogerms ments with
(1)
numerous Small
with 2 to 5
paranucloi
paranuclei

30
35

2

Fin't stage

(2)
Middle
sized

(3)
Large

20

5

Alive 1 Bead

7

50

13
14
15

200
100
40
300 to 500
300 to -WO
300 to .SOO

7
7 :

S
1 ,

do
do

do
do
do

First,
Second Third second,
stago— stage— and
third
alive
alive
stages

2.')

do
g
10

Number of larvae

3

do
5

|

2(1

_

1

:
1

4.Í
S

1

4
23
91

(iO
(i
14
4
7
12
0

4.'»
21
21

31
51

!
2
15
70

15
¡85
• 99
¡111

1 These are classified approximately pccording to the size of the germs: (1) Secondary germs or smBll
morulae having 5 to 100 germinative cells and 10 to 20 paranuclei, (2) morulae having 100 to 200 germinative
cells and 20 to 40 paranuclei, and (3) large morulae about to transform to embryos or having already done so.
a In larvae Nos. 14, 15, and 16 the parasite larvae of any stage or condition were counted. Most of them
were In the first stege, but no accurate separation into stages or live and dead categories was made.
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These dissections were made at ine<;ular intervals, by opening parasitized larvae in physiolo<;ical salt solution and scrapinji out their
contents. The data refer only to the material so extracted from the
larvae and do not include «rerms and pseudo<rerms lodged permanently in the larval organs. In distinguishing live larvae from dead ones
account was taken of a certain amount of mechanical injury incurred
by the parasites during the process of removing them.
' Most of the dead larvae bore signs of mechanical injury, the greater
part of which was due to attack by other larvae under the crowded
conditions.
It will be seen that as the season advances and larvae begin to
hatch, the pseudogerms and small tropliamniotic fragments become
more numerous.
GROWTH AND FEEDING

The first-stage larva does no feeding until its head has issued from
the embryonic membrane (the trophamnios). Shortly thereafter it
begins to feed. Examinations of the stomachs of first-stage larvae
show that the food absorbed is composed principally of fat globules.'^
The stomach contents are arranged in three layers. The innermost
layer (fig. 5, A, ila), surrounded by the peritrophic membrane {pm),
is composed of fat globules to be digested. TÍie second layer {ml),
outside the peritrophic membrane, consists of granular chyle of a
more or less uniform consistency without or with small vacuoles; this
layer is probably partially digested. The outer layer {ol), similar
to the second in composition but somewhat thinner, probably consists
of the completely digested material from which absorption takes
pfece.
The first-stage larvae, when abundant in a host, do some chewing
upon other organs, such as the muscles; occasionally (but rarely)
a morsel of solid food is observed in a late first-stage larva; such
morsels are observed more frequently in second-stage larvae, along
with trophamniotic fragments and pseudogerms.
The second stage, lacking mandibles, can only ingest fat globules
and such material as has been " prepared " by the first-stage larvae.
Third-stage larvae ingest the remaining material prepared by
the first-stage larvae and probably do some gnawing and scraping
on the host organs with their weak mandibles. Pseudogerms and
trophamniotic fragments also constitute a part of the food of this
stage.
With the completion of the third stage the larva is ready to migrate to the exterior, where it becomes an ectophage.
EMERGENCE AND EXTERNAL FEEDING

The first step necessary to emerge from the liost larva is to free
the head from the third-stage skin. This takes place in the following manner: The capsule splits, owing to the pressure from within,
and the head of the fourth-stage larva is lifted out of it. This capsule, together with the former skin, begins to slip backwards, thus
freeing the anterior portion of the body. The larva now starts the
1-Fink (.7) states that M. ancytivora feeds nliiKist entirely UIKHI " predigested food,
consisting largely of lymph, body fluids, and fat globules." He cites no evidence, however, to show that body fluids and lymph are ingested. The above-mentioned materials,
ii absorbed, can not in any manner whatsoever be considered as predigested.
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work of pieicinjí ¡m exit hole. It presses the month parts against tlie
body wall of the host and by constant scrapin«; with the mandibles it
pierces a hole througli wliich it thrusts its head. By continued body
contortions the larva gradually squirms out, head first," through the
hole it has made. This process requires about one hour, and during
this time the third-stage skin slips farther back on the body. As
the larva comi)letes the ])rocess of emerging it reposes for a few
miiuites lying on its ventral side with the hindmost segments still
in the hole fi-oni wliich it came, then raises tlie posterior end slightly
and brings it comjjletely out of the exit hole, drawing with it tlie
larval skin of the first, second, and third stages which often adhere
to it. The posterior end is again brought into contact witli the host
skin at a ])oint slightly distant from the exit hole so that the parasite
assumes a ¡josition with its middle almost directly over the exit hole,
having its slied skin or skins under the posterior half of its body
and the middle and forward j)art of the body resting directly on tlie
host skin. It is now in the fourth stage.
In this position the ¡jarasitc rests for 15 or 20 minutes, if not disturbed by emerging larvae. After tliis jieriod of re])ose, the larva
becomes restless and manifests tliis condition by dorsoventral juovements of its head and thorax: shoitly thereafter it bends its head
under the thorax, ])ierces another hole in the host skin near the
exit hole, and fixes its moutli parts to the host at this point. In some
cases, by working its body backwards, the larva apyilies its nioutli
to the exit hole, but more often a new aperture is made. External
feeding then begins.
The larva sucks into its stomach tlie material remaining in the
host's body and does not. unless disturbed, let go of its hold at the
feeding puncture. If ])ulled away from tliis ))oint, a string of material about the size of a horsehair can be seen extending from tlie
interior of the host body into the mouth of the parasite larva.
When ])ulled tliis string will come out of the host's body to a
length of 1 or 2 centimeters and out of the parasite's mouth to tiie
same length. It hardens rajiidly upon exposure to the air. Microscopic examination shows it to be composed of host organs such as
tracheae, bits of muscles, salivary glands, Malpighian tubes, cast
skins and fragments of earlier stage jiarasites, pseudogerms, and
the protozoan Pirezhi pijraufifa Pail, which lives in the host Mal])ighian tubes, salivary glands, muscles, intestine walls, and
oenocytes.
The parasites isstie from the host at any point from the first
thoracic to the ninth alidominal segments, generally at a ventral or
lateral jioint. but i^onietimes dorsally. They are oriented longitudinallv within tlie host larvae with their heads directed toward the
head of the host. Tiiey lie during the external feeding jieriod witli
their lieads directed toward the caudal extremity of the host. After
s'pinning, however, when ready to exjiel the meconium, the larvae
have again reversed their yiosition and lie witli their heads toward
that of the host.
These reversals in orientation are not in themselves remarkable
but are only the natural positions occupied as the larva goes through
lï! Fîntï (.7) stillos that tin' larva of M. nncyUvorn issues with tlic- caudal extremity
emerging first ; the writer liolds this to be improbatile.
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a series of mechanical movements. As the larva prepares to issue
from the host it turns its venter towards the skin of the host; as
it comes through the exit hole it naturally moves in a forward ventral direction and thus finds itself, when outside, lying with the
venter on the host and, because it was orientated cephalad within the
host, now lias its head directed caudad. Had it lam originally with
its head directed caudad it would have fed with its head cephalad.
The peculiar feature of this phase of larval activity is the fact that
the larvae are orientated cephalad inside the host before they reach
the fourth stage, and this can possibly be explained in connection
with the direction of circulation of the host's blood.
The second process of reversal takes place during spinning. The
posterior part of the cocoon is spun first, and as it nears completion
the larva reverses its position in order to complete the anterior part
of the cocoon.
Thus this phenomenon is not comparable to the prepupal reversal
of certain Diptera such as the Hessian fly {Phytophaga destructor
Say) within their puparia.
When larvae issue from a host which is not in a burrow they
are not orientated in any particular direction but lie mostly at right
angles to the axis of the host's body. After a short rest they squirm
into the most convenient position, pierce a hole, and begin feeding.
External feeding continues until the parasites are satiated if there
are only a few feeding on a single host, or until the host is. completely emptied. Some larvae have been observed to feed for an
hour and a half and others for more than 24 hours, but these last
were cases in which only a few larvae issued from the host. In a
normal case, where 20 or more larvae are feeding externally on a
single host, the latter is usually emptied in two or three hours. It
is not, however, absolutely necessary that the larvae feed externally ;
if removed from the host immediately after emergence, they spin
and ti'ansform in the normal manner. It is remarked in this connection that this sudden change in environment from a liquid medium to the open air, not accompanied by a radical metamorphosis,
is perhaps one of the most di'astic changes occurring in the life of
any animal.
EFFECT OF PARASITE ON HOST LARVA

The first-stage larval feeding and chewing activities have a certain effect on the host, although this is not apparent unless closely
examined, when the damage to the internal organs, more especially
the fat body, can be observed. This injury is not fatal, however,
for in cases where parasites die early in the first stage their presence
does not prevent the host from transforming to the pupal stage. The
writer has dissected apparently healthy chrysalids and found therein
phagocj'tized first-stage Macrocentrus larvae.
The effect of second-stage larval feeding is but slightly more apparent ; the host larvae seem weaker and do not move quite so rapidly
as healthy ones. Host larvae containing third-stage parasites,
though able to crawl, are distinctly less active than nonparasitized
host larvae. Examination of the internal organs at this stage shows
that the fat has been completely consumed, and the fat lobes surrounding the mid-intestine, as well as the strips lying along each side
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of the dorsal vessel and the fragments between the tegumentary
muscles and the body wall, resemble pieces of lacework, retaining
only some of the damaged cell walls held together by fine tracheae.
The muscles are sometimes attacked to such a degree that they are
thin and emaciated and are not strong enough to contract the body
walls in the normal manner. If there are but few parasites, the
internal organs, except the fat body, are not damaged.
By the time the parasite lai-vae have finished the third stage the
host larva can no longer crawl. As the parasites begin to emerge
for external feeding, signs of life in the host diminish to a point
where only a slight contraction of the abdominal and anal prolegs
upon stimulation indicates that life is not extinct. Tlie remaining
internal organs previously mentioned are rapidly consumed by the
external-feeding fourth-stage larvae and nothing is left of the host
but the exoskeleton.
SPINNING AND PUPATION

The larvae rest quietly (after feeding) for about 24 hours, depending on the amount of food they have consumed after issuing,
and tlien start spinning.
During the spinning the larva bends the anterior part of its body
about in all directions, attaching the thread here and there. The
silk which issues is a single thread, but if pulled rapidly it slips
from between the prongs of the spinneret and comes out a double
thread. If the larvae are placed upon a flat surface when ready to
spin they are unable to form their cocoons properly, but scatter the
silk over the surface in an irregular manner. After such spinning
most of the larvae die before transformation to adult. In cases
where for some unknown reason the silk hardens in the opening
of the salivary duct (fig. 7, B), as often happens in scattered
colonies, the larvae nevertheless go through all the movements and
contortions of spinning, including the pauses to attach the thread.
When they have continued this exercise for a considerable period of
time they become quiescent as they do when inside the cocoon.
Death follows for such individuals.
Each larva spins its own cocoon, and the whole group is bound
together in a more or less compact mass. Individual cocoons can,
however, be removed from the outer part of the mass without
disturbing the others.
The cocoons are completed in about 48 hours, and when finished
the larvae cease their movements and rest quietly while transformation begins. This becomes evident by the change in form of the
larva ; the head and thorax become somewhat distended, a slight
constriction appears between the abdomen and the thorax, the eyes
become visible, and the larva is unable to move except for a slight
abdominal contortion. This is the prepupal stage common to all
hymenopterous parasites and many other insects as well. Shortly
thereafter the meconium is expelled and the change in shape becomes even more accentuated. The external appendages of the pupa
soon become visible underneath the old larval skin. This skin then
splits at the top of the head and slowly slips off posteriorly,
revealing the white pupa with its perfect appendages.
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AVERAGE SIZE OF COLONY AND PROPORTION OF SEXES
In the writer's rearing experiments, as stated elsewhere, the cocoons were conserved in vials for emergence of the adults. In
order to procure data on several important points, such as the
average size of the colony, the proportion dying in the cocoons,
and the proportion of the sexes, careful counts were made of the
adults issuing in the laboratory from 297 colonies, in the order in
which these colonies issued. Of this number, 97 colonies had one or
more Macrocentrus dead in the cocoons; these colonies wore set aside
for other studies. It was then possible to count accurately and
determine the sex of all adults issuing from the remaining 200
colonies.
Among these 200 colonies, 71 gave exclusively males with an average of 24 per colony, 54 gave exclusively females with an average of
16.2 per colony, and 75 gave a mixture of males and females with
an average of 20.9 per colony.
Among the 54 female colonies, 5 were composed of 1 to 5 individuals each. 8 were composed of 6 to 10 individuals each. 15 were
composed of 11 to 15 individuals each, 12 were composed of 16 to
20 individuals each, 6 were composed of 21 to 25 individuals each,
5 were composed of 26 to 30 individuals cacli, and 3 were compo.sed
of 31 to 35 individuals each.
Among the 71 male colonies, 1 was composed of 4 individuals, 3
were composed of 6 to 10 individuals each, 6 were composed of 11 to
15 individuals each, 16 were composed of 16 to 20 individuals each,
12 were composed of 21 to 25 individuals each, 21 were composed
of 26 to 30 individuals each, 6 were comjjosed of 31 to 35 individuals
each, 3 were composed of 36 to 40 individuals each, 2 were (•omi)()sed
of 41 to 45 individuals each, and 1 was composed of 47 individuals.
From the 75 colonies producing both sexes, 840 males and 733
females issued. In order to make a more complete study of this
material these colonies have been arranged (Table 4) in two différent ways. In the left half they are arranged in the order of increasing number of males, and in the right half in the order of increasing
number of females.
These colonies can be further divided into three groups, those in
which males predominate, 41 in number; those in which females
predominate, 31 in number; and those in which males and females
are equal, 3 in number. These groupings, however, are not taken
into account in tlie arrangement of the table.
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4.—Number of male and female adults issuing from 7J mixed brood
colonies of Macrocentrus gifuensis
Ascemiing number of
females

Ascendine number of
males

Males

I
1
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i
4

')
f)
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fi
ti
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7
7
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IH
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'

23
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1 «40

Females

2
21
S
37
14
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Total

1

3
22
7
39
17
19
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5
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:i

22
8

s
12
:;i
17
1
2

13
17
18
22
7

:a

2

8
12
15
17
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21
13
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11
13
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111
17
23
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14
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21
31
23
13
14
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23
27
19
22
23
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19
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7;«
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4
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1
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8
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23
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2
8
9
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7
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1
1
1
1
2
2
2
2

16
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3
8
13
31

5
7

2
3

34
8

3
3
3
3
4
5
5
5
5
5
5
(i
(i
1)
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(i

U
14
18
26
25
7

t
8
13
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1«
Ifi
Ifi
Ifi
Ifi
17
18
18
19

1
0
3

21
22
33
37

13
14
18
19
25
12
13
20
21
22
23
26
31
19
21
29
13
16
16
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21
23
25
15
17
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29
22
29
17
23
17
23
IS
19
20
23
31
17
21
21
23
21
24
19
23
27
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33
22
22
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32
22
31
36
39

8-10

733

1, 573
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H
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5
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7
7
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8
8
8
8
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S
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9
9
9
9
9
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7
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3

~
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1
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From Table 4 it is apparent that the size of a colony is not a
factor determined by the volume and mass of a sinjile host larva
considered as environment and as food supply. Consequently it
must be determined by the potential power of multiplication under
given conditions of the e"s or e^gs
laid
in the host. "11
In other words,
BO
••11
1
an egg can not produce as many mdividuals as a smgle host larva
can successfully nourish, for if this were the case there would be but
few (if any) colonies smaller than the maximum (47 for the male
sex and 35 for the female sex).
As has been pointed out under the heading of larval habits, many
larvae are destroyed in cases where a single host has more than
40, some are destroyed when a host bears 20 to 35 larvae of the parasite, and a few are destroyed when the colonies are less than 20.
From these facts the legitimate conclusion is drawn that the number
and sex of individuals issuing from a single colony do not represent
the content of that colony when it was in the germ or early larval
stage but represent what is left after the thinning-out process has
been completed.
Leiby, after careful study (//), has expressed the opinion that
the origin of mixed broods in Oopidosoma gelechiae, G ti^uncateUum,
Platygaster vemalis, P. hiemalis, P. variaiilis. and probably P. felti
is explained by the depostion of two or more eggs in a single host.
The writer is of the same opinion as regards M. gifuensis, as he
has no evidence to the contrary. If such is the case, it is quite evident
that the great majority oí parasitized host larvae receive two (or
more) eggs," not necessarily from a single thrust of the ovipositor,
however.
Further examination of those figures, on the assumption that the
75 mixed colonies represent at least 150 egg depositions, shows that
in 83 of these cases there were produced the average number or less
than the average number (10.45) of one sex not accompanied by
10.45 of the other sex (the average for mixed brood being 20.9).
The writer concludes fr'^^ra the above examination, supplemented
by other calculations and observations which are not included here,
that the smaller colonies (6 to 10 individuals) represent more nearly
the product of a single egg than do the larger ones. Tliese conclusions are somewhat further substantiated by observations on the size
of the largest polygerms and on the lingering oviposition habits of
the female M. gifuensis.
PARTHENOGENESIS

No coinplete data are available to demonstrate parthenogenetic
reproduction. In certain experiments, however, eggs from unfertilized females have been observed in a more or less advanced stage
of segmentation. (Fig. 12, D, E.) This fact permits the supposition
that this species can reproduce parthenogenetically.
*..IÎ.,ÎP'' 'lîJ? '"/Jl*' *"" of 200 rcceivefl 2 eggs, 1 fertilized and 1 untertllized, it Is exf,r,f .f^- "i"''' "''">,'' K',''-"°i; ,5' 1^" '■emainiiig 125 received 2 fertilized ¿r else 2
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CONSIDERATION OF THE ZONES IN WHICH
MACROCENTRUS GIFUENSIS OCCURS
PHYSICAL CHARACTERISTICS

The Armorican zone, in which this parasite is most "abundant, is
a rather low region (altitude 48 meters) of rolling land, rich in
pastures and cultivated lands. The principal crops are cereals,
forage, and grapes.
The soil, of Jurassic and Cretaceous origin, is mostly loam and
clay loam with abundant calcareo-siliceous outcroppings.
A
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]9—ClimoKniphs for throe zones in which Macroceiitrus f/ifuensis Is known
to occur as a parasite of Pyrausta nutilalis. Letters in the graphs stand for the
moiitlis of the year

FIGURE

Artemisia, the host plant of P. nuUlalis, is not extremely abundant. Occasional patches and isolated plants occur in the fields and
along the roads, but it is mostly confined to waste weed areas near
towns, along railroad tracks, river banks, canals, and garbage dumps,
and it is in such places that P. nubilalis and M. gifuensis are found.
The soil of the Central zone, in which this parasite and its host
have been found (St. Etienne and Limoges), is of Presilurian and
Carboniferous origin. The area is of rather limited agricultural
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importance, having mucli of what is described as " dead " or unproductive soils. In the valleys, however, the soils are alluvial, often
black from the influence of mineral-bearing strata, and are somewhat productive. In
other parts the soils
formed by the decomZ7
position of schists and
26
sandstones
to a consid25
ei-able depth su])port
24
-5e(?i//Jyv¿4A'/^u^//MoA'£ffíe/iA/c;£)
pastures and meadows,
23
a4M^/K/s/^A'/'A'uje7?/Mu/v£^lk/ss¿4
and when sufficiently
ZZ
treated with lime they
2/
will i)roduce cereals.
20
Chestnut and other
forests are present.
/9
The parasite ami its
/a
liost are found in situarr
tions similar to those
/6
of the Armorican zone.
/5
The part of the Se((uaiiiaii zone (south)
in wliich this parasite
\/2
lias been found consists
of the rather flat lands
//
along the Seine in the
/O
vicinity of Pai'is (alti9
tude ßO meters). The
3
soil, of Tertiary origin,
7
is a fertile marhiceons
6
and calcareous clay soil.
3
The principal crops are
truck crops and fruits,
'f
including grapes. ArJ
temisia abounds in the
2
abundant waste lands
/
around the dumps, facO
tories, and railroad
-/
vards.

-2
-3
-4
-3

CLIMATIC CHARACTERISTICS

With tlie present limited knowledge of the
distribution and iiosts
P/e£:c//^/7:^T/<:?A/ //V GayvT-y/^/^yises of 3f. (/iftisyifi.i it is
impossible to discuss
FIGT;RE 20.—Climngraphs for two zones in which Mticrttventrus í/ífutnsis is liiiown t(t occur as a i>arasitc
the climatic characterof Pyranttu nubilnlis and one in which it docs not
occur. M. gifuenHs does not occur in the Sequanian
istics com])reheiisivi'iy.
(nortli) zone. Letters in tlic ¡¿raphs stand for tlic
The climogi'aphs (tigs.
montlis of tile year
19 and 20) for the
Armorican, Central, Sequanian, and Danaprisian zones, and for the
region of Kumomoto (based on data from Nagasaki), show the
general characteiistics of the climates in which M. gifucn-sh occurs.
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The most important fact shown by the climographs is that M.
gifuensis occurs and apparently flourishes as a parasite of P. nubilalis under a variety of conditions, ranging from approximately the
continental type of climate with warm summers and extremely cold
winters to the climate with warm winters and hot summers accompanied by excessive rainfall, as represented by Nagasaki. None of
the zones in which M. gifuensis occurs has a hot, dry summer.
While the nonoccurrence of M. gifuensis in zones having hot, dry
summers may possibly be ascribed to the apparently unfavorable
climate prevalent there, its nonexistence in other and more favorable
zones, such as, for example, the Sequanian (north) zone, tlie Jura
region (Khodanian zone), the Aquitainian zone of southwestern
France, and the Po Valley of Italy, can not be explained upon this
basis, since the climate in these zones is between the extremes where
this parasite is known to flourish.
SEASONAL HISTORY
SEASONAL HISTORY OP THE HOST

Pyrausta nubilalis has only one generation in the Armorican and
Sequanian (south) zones. The overwintering larvae start pupating
in early May and continue through June ; the peak of pupation
occurs during the latter half of June. Eggs are laid throughout
the latter half of June and through July. The resulting larvae are
fully developed, have ceased feeding, and have gone into diapause
by the last of August.
The seasonal history of P. nuhilalis in the Central zone is similar
to that in the Armorican. Nothing is known of the seasonal history
of P. nuhilalis in the Danaprisian (north) zone, except that fullgrown larvae were found in October, 1929, in this zone.
In Japan'^'* it seems that there are three generations of the host in
the region where M. gifuensis is most abundant. The first generation and the early part of the second coincide more or less with the
seasonal history of P. nubilalis in its 2-generation areas {2, Z9).
The second generation pupated about the last of August, thus giving
rise to the third generation, which overwinters in the larval stage.
SEASONAL HISTORY OF THE PARASITE

As is demonstrated in Figure 21, the seasonal history of the parasite
synchronizes extremely well with that of the host in the Armorican
zone, where it has been intensively studied by the writer.
The peak of adult emergence occurs during the latter part of June
and the majority of the eggs are deposited during the first half of
July. The segmentation and development of the egg take place
rather slowly. In the first half of September the tiny spherical pregerms (fig. 12 B, C) are abundant; as the autumn advances a considerable number of primary and a few secondary germs appear;
1^ It will be necessary to await the results of studies now being made by W. B. Cartwright before defl-nitc conclusions can be drawn in regard to M. gifuensis in areas haviug
two or three generations. The aliove is mentioned as a caution iiiriiinst irromoiis cotielusions likely to be made when the European zones alone are considered.
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these are the stages most common during the winter. (Figs. 12, _E.
13, D-G.) In early spring the growth and division are intensified
and proceed rapidly. About February 1 the parasites are in the
late germ and small mórula stages. From this time on to the middle
of March the smaller secondary germs increase in size, while the
tertiary germs and small morulae grow into embryos. During the
latter part of March the germs in a host larva can be cLassed roughly
into three more or less distinct groups.'"

/O ZO JO /O ZO 30 /O £0 JO /O 20 JO /O ZO JO /O 2o JO /O ZO JO /O ZO JO
/w-W.
y9/>M.
/w^K
^c/A/£:
^¿/¿.r
^i/&.
,jQ£>c7r
OCT:
FiouEB 21.—Seasonal activitii's oí Pyrausía nutilalia and its parasite, Macrocaitrus i/ifuensia, as determined from Held observiitions associated with laboratory
rearings. The extremes ot each area represent approximately the earliest ;in(i
latest activities while the apex represents the peak oí such activities

The first group (1) (fig. 13, G) consists of germs in an early stage
of growth—perhaps late secondary germs or early morulae measuring about 0.1 to 0.2 mm. in diameter and having a relatively thick
trophamnios with 10 to 20 paranuclei and a central group of perhaps a hundred germinative cells. The second group (2) is
composed of morulae 0.2 to 0.5 mm. in diameter, of the same fundamental structure as those of group (1) but having a thinner trophamnios, more paranuclei, and a larger central group of germinative cells. The third group (3) (fig. 13, A, B, C) is composed of
" I" tables setting forth experimental data these groups will be designated by (1). i2i.
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large secondary germs, 0.5 to 1 mm. in diameter, in which the embryo is forming and the germinativo cells are arranged in a slender
curled filament in the embryonic cavity (E).
The majority of the germs are single, but many polymorulae of
fi-om two to six germs are present.
Often, with the dissecting
needles, it is possible to separate two germs which seem united in a
single iDarasite body ; in other cases it is impossible. The writer beIie\es that in cases where germs are easily separated in this manner
they are about to come apart in the natural process of growth and
division by fission.
(xerms in the same parasite body are in the same or almost the
same stage of development. In Figure 17, E, six germs are represented, three of which are in the early embryo stage and three of
which are niorulae.
In addition to the above groups of true germs, there are found
in every parasitized larva at the same time large numbers of pseudogerms or trophamniotic fragments (fig. 18, A), as described elsewhere. In a single parasitized larva there may be more than a
thousand of these fragments and in most cases there are several
hundred.
The larger parasite bodies are free within the body cavity; the
single mórula is found free or lodged in or between organs such as
fat cells or muscles. The majority of all forms are found in the
posterior pnvt of the host's body. They probably are lodged in this
portion of the host because of the blood flow.
By the first of April hatching has started. The date of maxinuun
occurrence of first-stage larvae is about the last of April. Growing
larvae are then present until the latter part of May, when cocoons
begin to appear. The maximum pupation occurs about June 5 to 1Ü.
Data from the ])anaprisian (north) zone are somewhat meager.
Host larvae reiei\'ed at Ilyères in November-, 1928, gave, by dissection,
late germs, early embryos, and first-stage larvae of M. gifuensis—a
condition corresponding to the development of about April 1 in the
Armorican zone. It is probable that, on account of the long cold
winters and the more decisive and abrupt changes from one season to
another, the development of M. gifuensis pr(jceeds more rapidly in
spring and summer in that zone than it does in regions having a more
equable climate. This might explain the different seasonal rhythm
of the parasite in this zone.
In Japan (Kumomoto, Miyazaki, Shizuoka) Cartwright has
reared this species to the adult stage from July to November, tlie
majority emerging in July, a considerable number during the first
half of August, and scattering colonies from that time until the last
of October. It is jjrobable that the high temperature and humidity
prevailing in Japan during the summer months are resjjonsible for
two (or more) generations per year.
EXPERIMENTAL DATA
In that portion of this bulletin which deals with experimental
data the writer has sought to avoid lengthy tables. There are, however, several phases of the investigations which can best he presented in tabular form.
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Although certain of these tables maj' seem to resemble others in
some points, this is in reality not true, as each one is presented m
order to demonstrate a certain limited phase of the activities ot M.
gifuensis.
LABORATORY BREEDING EXPERIMENTS
The writer conducted a series of experiments on the earlier stages
of development of the egg in order to determine the rapidity of
development. In all, 420 host larvae were isolated and exposed to
gravid females in the manner described under Technic (p. 6). Of
The parasitized larvae, some died, probably from superparasitism and
some from unknown causes ; a great number pupated before the parasite egg had time to develop ; and others, after a period of incubation, were found to be in a poor physiological condition '• with no
live parasites present.
. .
When sectioned, about a dozen larvae were found to be parasitized.
After 36 davs at 18° C. the eggs were found to be in the pregerm
stage of development, and after 43 days they were but slightly
further advanced.
At 22° C after 63 days, they were found to be in the stages represented by Figure 13, D-G, some having two paranuclei with 6 to 10
germinative cells (primary germs), others having 8 to 10 paranuclei
with a center of 20 to 30 germinative cells (large primary or secondary germs).
■,■ ^
The above data are taken from eggs laid by both fertilized and
unfertilized females and coincide with stages of development found
in larvae taken from the field on August 29 and estimated to be about
two months old.
No colonies were brought through to maturity from laboratorydeposited eggs.
MORTALITY IN REARING OF FIELD MATERIAL
The necessary colonies of parasites for study, experimentation and
reproduction, determination of extent of parasitism, proportion of
sexes, etc., were procured by bringing parasitized larvae from the
fields and rearing them in incubators at 18°, 20°, and 25° C, and in
the outdoor insectary at normal temperatures. The method of
handling the larvae and the cocoons is described under Technic
(P- 6)Following is the summary of total rearings in all the different
experiments taken as a whole, carried on by the writer in the winter
and spring of 1928-29.
Xuniber Per cent
Total host larvae in experiments
Died.--Pupated
Gave colonies of M. gifuensis

-

-----

-'
!
--■
I

3.247
"'^^
1-788
(i91

I no
23.fi

3'These larvae were characterized by several distinct phenomena. (1) The fat body
was poorly developed, the fat cells and their nuclei being easily distinguished under lowpower magnification because of a lack of fat globules; (2) hundreds of small black spots
were present throughont the fat body; (3) the fat usually surrounding the heart and
reproductive organs was entirely absent; (4) the pericardial cells were enormously developed. The larvae were also heavily parasitized by the protozoan Perezia pyrausta
Pail-, which was present in the salivary elands. Malnighian tubes, walls of the mldintestine. and muscles. It seems to the writer that these protozoa must have Interfered
considerably with the metabolic activities of the host larvae.
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SUMMARY OF DURATION OF VARIOUS STAGES
The approximate length of the various stages from the time of
emergence of the parasite from the host larva to the timei of adult
emergence is given in Table 5, and a summary of the longevity of
adults when provided with food and moisture is given in Table 6.
Adults of both sexes, when left without liquids such as sweetened or
plain water, died within two or three days.
TABLE

5.—Summary of approximate length of various stages of Macrocentrus
gifuensis after emergence from the host larva

Kxternal Spinning
feeding
stage
stage

Temperature

Day
27°
25°
20°
18°

C
C
C
C

-

Yi-H
¥•
Vi

TABLE G.—Summary

Laboratorv
DoRefrigerator (constant).
Do
Do..--

Pupal
stage

From emergence from
host to
transformation to
adult

Days
1
1

Days

Days

■m

8
10
16
17

Ifli'.

13
21
22

of length of life (in days) of adults of Macrocentrus
gifuensis ivith food and moisture
Temperature

Inelosurc

Days
1
l'A
l'A

Resting
stage

°C.

16-24
16-24
18
18

Males
Fertilized females,
do.
Unfertilized females..
do

Individuals

Average
longevity

Number
5
21
27
19
14

Days
15.4
16.7
17.7
1.3.8
16.0

Maximum
for a single
individual
Days
23
30
36
21
20

RAPIDITY OF SPRING DEVELOPMENT

The following experiments were planned to show the influence
of temperature and moisture upon the rapidity of spring development of the parasite under different conditions. The host larvae,
containing parasite germs and embryos, were collected in the field
and immediately placed in incubators. Certain boxes were kept
dry and others were su^jplied abundantly with contact moisture by
plunging in water at regular intervals. Table 7 gives the results
of these experiments.
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7.—Rapidity of spring development of Macrocentrna yifitensis under different oonditions and synchronization of parasite metabolism with that of
host under favorable conditions

TABLE

—
Approximate
stage of parasite
development i
colLabo- Date
lected
ratory
from
No.
field

Germs
Lar(1)

3097._
30S0-..
3051...
3063 A.
3000...
3091...
3063C.
3033...
3034...
30S3B.
3030.

1929
Mar. 26
...do

(2; : (3)
i

Feh. 22

10
7

[Mar. 26

....

Feb. 22

7

1
1 ;
3 1
2 '
1
2;

Feb. 20

7

2 ■

1

•Mar. 26
Feb. 8

10

1:
3,

5
1

[Feb. 8

5
5
1
1
6
1

TemPyrausperaParature at Mois- ta nu- Hosts sitism
which ture bilalis died
in lot
e.K-

Average time
from beginning of experiment to—

Colo- '■

tíT^fA
oped

Sîî'»- Pupa"'"S tionof
' of cohost
'] coon

-1
1

1

1

"C.
18
18
20
20
20
20

Wet..
Dry..
Wet..
..do-.
..do..
Dry..

26

Wet..

25 ...do..
25 Dry..

Number
102
76
181
103
153
92

No.
7
69
27
8
36
69

P. er.
40
40
.30
9
20
9

308

42

10

205
69

63
62

34
52

.Vf). '
¿H
3

No.
67
4

107
91
84
21

Days
43
74

Days
4.'.
97

45
38
38

39
33
34

68
24

115 j

23

0

32

' (1) indicates small germs, (2) medium-sized germs, and (3) late morulae or early embryos. For more
exact description of these stages see Seasonal History, p. 49. The figures in the columns under this heading
indicate the proportion of these various stages present on this date.
^ As determined independently of the experiment.
Î Small colonies all; total of 27 individuals tor 7 colonies equals 3.8 per colon.v, whereas the norma colony
is about 20.

The experiments just described demonstrate very clearly two important facts; (1) under favorable conditions the seasonal rhythm of
the parasite is closely synchronized with that of the liost; and (2)
contact moisture for the host larva is a necessary factor in the development of the parasite, for without it many colonies die without
emerging from the host, and those colonies that do develop are often
small and unhealthy and usually die before transformation.
It is amply demonstrated by these experiments that moisture plays
an important part in the development of 3Í. (/■ifueii.sis. K. W. Babcock has pointed out that the host larva, after hibernation is completed, must have plenty of contact moisture in order to transform
successfully. This requirement is also necessary for the development
of the parasite. It would seem that, bathed as it is in the blood of the
host, the parasite might be able to develop successfully whether or not
the host is able to do so. This is not so, however, as the experiments
showed. Parasite germs in host larvae brought from the field in fall
or winter, when exposed to high temperature with sufficient contact
moisture, developed rapidly,"* whereas those placed at the same temperature without contact moisture nearly all died, and the few that
developed did so in an abnormal manner and often furnished small
unhealthy colonies. It is probable that the concentrated condition of
the host's blood—when it has undergone a period of anhydrobiosis—
reacts unfavorably on the parasite germs and young larvae and prevents them from developing normally.
It would appear that the moisture requirement is not so great as
the parasite develops into the second and third stage larva : and it is
"The hosts, however, do not come out of their winter lethargy so rcadilv in the fall or
early winter as the parasites.
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certain that the parasites may emerge from the host, spin their cocoons, and transform to adults under comparatively dry conditions.
In fact, cocoons spun without contact moisture gave in general better
emergence that those spun under wet surroundings.
On the other hand, tlie adults seem to live longer in a moist atmosphere than in a dry one (see p. 53).
MORTALITY IN THE PREPUPAL AND PUPAL STAGES
Under the method of rearing already described, the mortality in
the cocoon stage under normal conditions was comparatively low.
In a total of 297 colonies observed for this purpose, 200 colonies had
no dead, while 97 colonies had one or more individuals dead in the
late larval, prepupal, pupal, or adult stage. Adults to the number of
6,480 issued in good condition, while 691 individuals (or but slightly
over 2 per colony) were found dead in the 97 colonies of cocoons.
These rearings were made at temperatures of 18°, 20°, and 25° C,
and the results approximate those obtained by field observations
(see Limiting Factors, p. 57).
COLD STORAGE OF OVERWINTERING HOST LARVAE CONTAINING
PARASITES
This experiment was undertaken in order to ascertain the possible
effect of low temperature on the earlier stages of Macrocentrus. It
applies to the late stages of the segmented egg,'° i. e., secondary
germs and early embryos, and was conducted in the following
manner :
Larvae were collected in the field weekly, in lots of about 200.
from February 1 to March 29, and placed in corrugated paper in
metal shipping cans. They were immediately soaked by plunging
the entire can in water, drained thoroughly, and placed in a constanttemperature refrigerator at 4° C. Once during the experiment the
cans were removed from the refrigerator, soaked thoroughly by dipping, drained for 24 hours, and replaced. On June 24 all were taken
from the refrigerator and, after removal of the dead larvae, were
soaked, drained for 24 hours, and placed at 25° C.
When examined on July 9, a total of 130 colonies had issued from
the host larvae and were spinning or had spun, while 136 colonies
(as shown by dissection) in the second and third stages and one
colony in the first stage were feeding internally.
Those consignments exposed to a temperature of 4° C. for nearly
five months did not differ materially, in the percentages of parasites
and chrj^salids eventually produced, from those lots which were kept
at 4° C. for about three months.
The following figures summarize the data in this experiment :

Larvae of P. nubilalis in experiment
-.
Dead at end of cold-storage period
Died during latter part of experiment
Pupated
-Furnishing hcaltliy parasite colonies
Healtliy larvae (unparasitized) dissected at end of experiment.

-

»» For further data on the stages of development during this period see Seaeonal
History, p. 49.
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Thus it will be seen from this experiment that cold storage at
4° C. can be tolerated by both parasite and host, when supplied with
moisture at intervals to prevent desiccation, for a period of three
to five months, and it will probably be found that they can tolerate
such storage conditions for a much longer period.^"
The importance of the above data in the handling and colonization of M. gifuensis is evident, when the manipulation of the parasite and synchronization of liberations with desirable field conditions
is considered.
COLD STORAGE OF COCOONS
Data relating to cocoons kept in cold storage are presented in
Table 8.
TABLE

Number of
colonies m
experiment

8.—Data on cocoons of Macrocentrus gifuensis kept in cold storage for
different periods in 1S29

Tempera- Number of
EstiTotal
ture at adults issuing
mated
Date
Temtime in which exDate
num- placed in Condition at start of expericold
ment
j l"';" removed
ber oí coldstorFestorage subseindiage
Males males
quently '
viduals
:
1

7
6

140
120

Apr. 22
May 15

9
3
5
(i
8

180
60
100
120
KiO
180

_.do
May 7
_.do
.\pr. 30
Apr. 8
--do

»

Prepupae and early pupae.
Late larvae completely
spun.
I'repupae and early pupae
do
I.ate larvae all spun
I'repupae and early pupae,
Spinning l.arvae
Completely spun larvae
and prepupae

June 1
May 31

Days
40
IB

0
20

.-do-.-,
.-do-,-,
.-do-...
.-do....
June 7 3
..doî...

10
24
24
31
60
00

0
0
30
30

1 Warmed up slowly.
2 Females had ovipositors curled and were generally in poor condition.
3 Many dead were noted on June 7, when removed from cold storage.

Thus it is evident from these experiments that the late larval and
pupal stages of this species can not well tolerate exposure to low
temperature, even for so short a period as 16 days. This method can
not therefore be utilized in the manipulation and colonization of this
parasite.
MACROCENTRUS GIFUENSIS AS A CONTROLLING FACTOR
OF PYRAUSTA NUBILALIS
This parasite appears to be of considerable importance as a controlling factor in the limited areas in which it attacks P. nubilalis.
Table 9 shows the extent of parasitism by this species.
=" Other material placed in cold storage at the same time was furnishing normal
colonies in abundance on Oct. 25, 1029, when these pages were being written.
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9.—Pei'centagea of parasitism of Pyrausta nubilalis by Macrocentrua
gifuensis in various ^ones
Annorican zone
(in Artemisia)

Central zone
(in Artemisia)

Danaprisian
Sequanlan zone (north)
zone (in
(in Artemisia)
corn)

Year
Hosts
Para- Hosts Para- Hosts Parastudied sitism studied sitism studied sitism

1924....
1925
1926
1927
1928...
1929

._

Hosts Parastudied sitism

Number Per cent Number Per cent Number Per cent Number Per cent
8.9
1,000
212
'35.3
0.01
290
33.3
.01
36.2
242
735
22.7 , 1,000
2.0
3,481
' 28.8 '
575
7. 1 ! 1, 2f)(i
.fi
80
24
20.0 1
.«i-W
39. 7 ! 1. '.vm
....
440
1.7

'

1 Additional data obtained from dissections and rearings since tiie publication of earlier data on tliis
subject (Í9).

LIMITING FACTORS
The principal item which limits the efficiency of M. gifuensis as
a controllinn^ factor of P. nubilalis is, in the writer's opinion, the
inability of the female to locate and sting' the host larva. The reactions of the female in this connection have been described under
Oviposition, page 25. The writer ventures to say that in all probability nine-tenths of the eggs whicli the female is capable of prociucing
are never deposited.
Mutual destruction among the first-stage larvae and the destruction of some large germs and embryos reduce somewhat the size
of the colonies developing in a single host. It must be pointed out.
however, that, as this destruction is greater when the host larva bears
many more parasites than it can nourish and negligible when the
size of the colony is below the average, this factor is not very
sip:nificant.
Mortality in the cocoon stage is not exceptionally high. In 35
colonies collected in the field, 17 had no dead pupae or adults while
18 colonies had 50 dead individuals. Experimental results (see
p. 55) with 297 colonies closely approximate these figures.
No hyperparasites have been observed in colonies collected from
the field.
RECOMMENDATIONS
It appears to the writer that the metliods of rearing and colonization which would allow the optimum opportunity for establishment
and dispersion of the parasite would be a system which envisages the
following two principal points: (1) The liberation of material from
l-generation areas (Europe) in 1-generation areas, while the 2-generation areas would be supplied from material originating in 2generation areas. (2) The most profuse liberations of the parasite
should coincide with or precede but shghtly the maximum abundance
of second and third stage host larvae of the overwintering generation.
In order better to accomplish the latter recommendation, it will
be found practicable to retard the spring development and emergence
of imported material by cold storage. The acceleration of develop-
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ment can be started at a suitable period in advance of tlie appearance
of young host larvae.^'
In this way the parasite would have a better chance to establish
itself in numbers in larvae which overwinter, whereas, if liberated
coincident with the appearance of larvae of the first generation, many
eggs, owing to their slow rate of development, would be lost through
the midsummer pupation of these larvae. Thus the number of
parasites likely to pass the first winter successfully would depend
upon the small proportion of host larvae of the first generation which
failed to pupate in summer, and upon the number of M. gifuensis,
if any, able to develop and issue before their first-generation hosts
had pupated.^^
It is not considered advisable to retard the importation and colonization of M. gifuensis and other parasites in order to make ecological
studies. On the contrary, no time should be lost in importing this
parasite and liberating it at all strategic points which present considerable easily determined variations in physical and climatic characteristics, provided that such points are well supplied with acceptable hosts. It is inadvisable to liberate the parasite in advance of
the borer spread.
SUMMARY
Maerocentrus gifiiensis Ashm. is a primary parasite of Pyraiista
nuhilalis Hiibn. in France, Russia, and Japan. It has been reared
from this host taken in Artemisia, corn, and hemp.
It does not occur as a parasite of P. nuMlalis in the principal
corn regions of Europe. For this reason its economic importance
seems at first glance negligible. The percentage of parasitism in
the weed (Artemisia) areas of the Armorican zone of France has,
however, maintained itself around 30 per cent for several years;
it is thus seen that this parasite is a factor which can not be neglected
in the fight against the corn borer.
The eggs of the parasite are laid in the body cavity of young
host larvae during the latter part of June and in early July. Development is by polyembryony, a method of development not before
recorded in the Braconidae.
The egg, in the writer's opinion, transforms to a tiny spherical
pregerm, containing a huge paranuclear cell formed from the polar
bodies and a small group (generally two to six) of embryonic cells
derived from the cleavage nucleus and contained within the ooplasm
of the egg and polar bodies, i. e., the trophamnios. The whole is
encircled by a thick chorion. The pregerm is usually lodged in a
fat cell.
The pregerm grows to a primary germ by tlie mitotic division
of the embryonic cells, and this primary germ divides by fis.sion.
The paranuclear cell divides also, half of it accompanying each
half of the germinative center, thus forming two secondary germs,
each of which is similar to the primary germ.
^ From the momeot of removal from cold storage to the appearance of the adults, 34
day.s at 25° C. arc required, 54 days at 20°, and 60 days at 18°, provided the material la
given thorough S0íikin;í8 ací'ompanied by alternate dryinj^s.
-^ i>. W. Jones has reared this parasite from egg to adult. The minimum time required for development from the egg to full-grown larval stage was 14 days. This fact
is cited here in order to stress the hypothesis that studies made on an insert in its
native home can not be taken as an absolute guide to what that insect will do In a new
environment. This is true for the parasite as well as for the host.
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The paranucleiis of the secondary germ now divides several times
until its cells encircle completely the gerniinative center of embryonic
cells.
The embrvdiiic cells continue their multiplication and the germinative center again divides to form two tertiary germs, both inclosed
within the trophamnios.
This process may be repeated several times and the resulting germinativo centers may remain together or separate entirely or in part,
thus forming isolated morulae, or parasite bodies containing from
two to six morulae.
Pseudogerms or trophamniotic morsels, similar to the true germs
except that they have no embryonic cells, are present and grow and
divide to form hundreds of smaller ones. These pseudogerms do
not develop into larvae but are eaten later by the parasites.
There is no blástula stage. The mórula changes into an oval disk
with reflexed borders and this develops into a slender, curled embryo
which forms the larva.
The trophnnmios degenerates into an extremely thin membrane
with flattened nuclei.
There is no jjroliferation of host tissue to form a cyst us in
Encyrtua fuscicoUis Dalm.
The larvae gnaw tlieir way out and in so doing they destroy some
other larvae and germs.
Hatching takes place in April. The first-stage larva has a head
and 13 segments, a pair of sharp mandibles, four rows of enormous
lobes resembling pseudopods, and an evaginated rectum. The peculiarities of its internal aiuitomy are the unequal lengths of the
two Malpighian tubes and the distinct division of the hind-intestine
into ileo-colon and rectum. No spiracles are present, though a
trachea! system is developed.
The first-stage larvae feed mostly on fat globules. The second and
third stage larvae feed internally but the fourth stage issues from
the liost and feeds externally.
Tlio second-stage larva lias no mandibles, the third has thin, weak
ones, but the fourtli stage has strong, toothed mandibles. No spiracles or tegumentary spines are present on the first and second
stages but the fourth-stage larva is covered with tiny spines and
has nine pairs of open spiracles.
Within the host, the larvae lie with their heads towards that of the
host. As they issue, however, they reverse their position an(l accomplish external feeding orientated in a caudal direction. While s])inning, the position is again reversed so that the pupa is orientated
cephalad. These orientations are the natural lesult of a series of
mechanical gyrations accomplished in a certain manner.
Pupation takes place about the middle of June and adult emergence
towards the latter part of June.
The ovipositing female generally lays one egg at one thrust, though
sometimes perhaps two or three may thus be laid.
Most parasitized larvae contain several eggs because of the " repeating " habits of the females when ovipositing. As a result there
are usuallv many more larvae and germs of the parasite present in
the host larva t"lian it can nourish. The supernumerary germs or
larvae are destroyed during feeding and growtii.
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In these studies the average size of a colony was 24 if all males,
16 if all females, and 20.9 if sexes were mixed; 37.5 per cent of the
colonies were mixed broods. The maximum number of individual's
developing from a single egg is believed to be 8 or 10.
The mortality in the laboratory rearings of field-collected host
material was 23.6 per cent, exclusive of those killed by parasites.
The average length of life of females was 17.6 days and the maximum was 36 days when supplied with sweetened or honey water for
food.
Contact moisture for the host in the spring is necessary for the
development of the parasite, otherwise it will die or produce small,
unhealthy colonies.
The time required to complete development from early spring to
the adult stage is 34 days at 25° C, 54 days at 20°C., and 60 days at
18° C. These temperatures should be accompanied by alternate soakings and dryings of the host material.
Parasites in overwintering host larvae mav be retarded by cold
storage for as much as four months or more after their normal emergence time. Cold storage will kill the late larvae and pupae, however.
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