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FOREWORD

Tz PUBLICATION is based principally on rescarch eondueted by John Maple
m the eonrse of his eraduate studies in the Division of Beneficial Inseet Inves-
tigations at Riverside, 1935-1938. The veport was revised and expanded by
him from time to time, and was submitted in final form as a thesis in partial
fulfillment of the requirements for the degree of Doctor of Philosophy in the
University of California in 1940, This final revision was made in Japan,
where Maple was engaged in the eollection and shipment of heneficial inseets
to the United States for the U. S. Department of Agriculture. It was then
expected that the manuseript would be submitted to the University of Cali-
fornia P'ress for publieation in the Entomology series, but the war made this
impossible. Before peace came the anthor met tragie death on Okinawa.

The manuseript represents an outstanding contribution to knowledge of
the biology of the Encyrtidae, a family of parasitie inseets of great economie
significanee. The importanee of the work is such as to justify its posthumous
publication. Slight revisions of certain statements on biologies have been made
by Stanley E. Flanders in order to bring them in line with recent discoveries.
These are indieated. Also, the bibliography has been brought up to date.
Otherwise, exeept for routine editorial ehanges, the paper is as the author

itt it.
submitted it HARRY S. SMITH

Profezsor of Biological Control
Entomologist, Experiment Station
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THE EGGS AND FIRST INSTAR LARVALE OF
ENCYRTIDAE AND THEIR MORPHOLOGICAL
ADAPTATIONS FOR RESPIRATION

BY
JOIIN D, MAPLIE

INTRODUCTION

THE raminy Excyrripar is one of the most important families in the order
Hymenoptera, Since it is a member of the superfamily Chaleidoidea, it guite
naturally possesses peculiar adaptations of great biologieal interest,

Encyrtids attack many kinds of hosts, the most numerous of which are the
scales and mealybugs (Coceidae), a group of great economic importance, par-
tieularly in California. One of the funetions of the Citrus Experiment Station
of the University of California is to search in foreign countries for parasites
of coccids and to undertake their introduction, propagation, and liberation.
As a result of this work, a number of species of Encyrtidae were available for
study, and the guantity of material offered exeellent opportunities for re-
search. In addition to the introduced and established speeies, 1 diseovered a
large number of endemic species of Eneyrtidae.’

This study of the peculiar adaptations of the encyrtid egg and larva was
prompted by an observation on the biology of one of the introduced species
at the Citrus Experiment Station reported to me by S. E. Flanders. While
engaged in the propagation of Leptomastiz dactylopii How., a parasite of
Pseudococens eitri (Risso) introdueed from South America in 1935, Flanders
observed a white elongate area on the deposited ege of the parasite. Sinee the
white or silvery color gradually, yet irregularly, disappeared when the eges
were compressed in certain solutions, he concluded that the silvery appearance
was due to air contained in that portion of the egg shell. Searching the litera-
ture for a similar phenomenon, Flanders found that F. Silvestri had arrived
at the same conclusions with regard to another species of Encyrtidae nearly
eighteen years earlier, However, Flanders also noted that the young larvae of
Leptomastiz dactylopii had their spiracles firmly attached to the silvery area.
Having observed a similar vital connection between the eges and young larvae
of an Anagyrus parasitizing the mealybug Puto yueecae (Corq.), I (Maple,
1937) sought other encyrtids for a comparative study.

DEFINITION AND SCOPE OF INVESTIGATIONS

The ovarian egg of Encyrtidae is like a dumbell in shape, consisting of two
more or less distinet bodies with a narrow connecting tube. This type of egg,
however, is not peculiar to Encyrtidae, for similar shapes can be found in
other chaleidoid families and in other superfamilies of Ilymenoptera. Tt has
been stated that this shape enables a larze eoe to pass through a small ovi-

* [The new species included in this study were described Ly Compere (1947) in order that
they might be designated by name in this paper. S.E.F.]

125 ]
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positor. In some of the parasitic species the connecting tube may also serve
as a stalk for adherence to external surfaces or to internal orzans, In fewer
species it may remain inserted in the integument of a host insect and serve
merely as an anchor,

In the Eneyrtidae, however, the strueture has a distinetly peenliar sienifi-
cance. In the deposited egg a part of the connecting tube may remain exterior
to the host, the remainder passing throngh the integument to suspend within
the host the portion of the ezg in which the embryo will develop. The larva
upon hatching may remain with its posterior end enclosed hy the ege shell.
It it is provided with spiracles it may respire air conveyed by the connecting
stalk.

Silvestri (1919} showed only that the shells of some encyrtid eggs were
structurally modified to contain air after deposition. Ie aseribed no funetion
to this strueture. 1 believed that the young eneyrtid larva, if provided with
an open tracheal system, obtained atmospherie air direetly from this strueture
and that the lumen of the stalk which suspends the larva did not serve this
purpose in any way. As a corollary 1t was eontended that a larva with candal
spiracles is enabled to respire atmospheric air by no other means. Aceordingly
this investization was begun to seek the validity of these contentions.

An investigation thus defined would entail a study of structure and fune-
tion. It was not possible for me to conduet exhaustive research in either
morphology or physiology. Only the gross strueture end, to a lesser extent, the
internal strueture were examined. From the beginning it was apparent that
the physiology of respiration was a manifold problem warranting inde-
pendent investigations and could not well be included in the secope of this
study. It was determined to undertake a limited number of simple experiments
which wonld throw some light on the role of the egg shell in respiration. In the
main the subject was approached with respect to comparative morphology.
Although the Encyrtidae is a large family and a study of the eggs and larvae
of all known species wounld be an almost endless undertaking, T sought to
inelude a representative number of senera from a variety of hosts. Included
in this work, therefore, are parasites attacking seven orders of inseets, namely,
Homoptera, Hemiptera, Neuroptera, Lepidoptera, Coleoptera, Diptera, and
Hymenoptera. Emphasis was inevitably placed on species attacking the family
Coceidae of the Homoptera because of the abundance of native and introduced
species parasitizing that group. For data concerning other hosts, [ have drawn
largely upon the literature, Species known to be polyembryonie were excluded
sinee these have been abundantly studied and the mode of development is
such that the ezg shell eonld not conceivably play any role in larval respira-
tion of atmospherie air,

PROCEDURE AND TECHNIQUE
AcquisiTion orF MATERIAL
Material was obtained by insectary propagation and field colleetion. During
the course of this work the University of California Citrus Experiment Station
was partieularly aetive in the introduction of seale and mealybug parasites,
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a laree number of which were Enevrtidae. Through the courtesy of 'rofessor
Harry 5. Smith, in eharge of biologieal eontrol work, adults of eertain of the
species and host material were made available,

Most of the species were secured from field-collected material, Quantities of
any insect known to be attacked by enexvetids were eathered and caged for
possible emergence of adult parvasites. The variety of parasite species obtained
by this means was considerable.

All parasites obtained were fed undiluted honey immediately after emer-
cence. Pending a suitable opportunity for study they were refrigerated at
367 to 407 F. and removed every week o the laboratory for feeding. When
stored in this manner they could be kept alive in exeellent condition for
several weeks,

Examinariony or Ovarian Eaos
FFor an investization of the ovarian eges the abdomen was severed from the
body in Ringer's normal salt solution and slit open alone hoth sides® The
ovaries were removed intact. for eursory examination they could be mounted
in the dissecting solution.

For detailed study further treatment was necessary. After dissection, most
of the fluid was drawn off and a drop of stain solution applied. The only stain
at all snitable was a solution of acid fuehsin in lactophenol.” A minimum of
five minutes was necessary to produce an effective coloration. For mounting,
the stain was removed as much as possible and a drop of Hoyer's solution
added. The cover glass was earefully pressed so as to spread the ovarioles and
straighten the eges which are often coiled in the ovarioles. The slides were
immediately examined, the egg sketched with the aid of a camera lueida, and
the dimensions determined.

Mounts prepared in this fashion are not completely satisfactory. The most
serious disadvantage is the lack of permanency. After several months, Hoyer's
solution tends to erystallize and the stain begins to fade. It is believed that
erystallization was avoided by placing slides in a warm oven until the mount-
ing medinm was sufficiently hard for ringing the cover slips with shellae,
It has not been possible wholly to eliminate the defects of preparation. The
technique can also be eriticized on the grounds of distortion of the epos, Pres-
sure applied to the cover glass eauses the eges to expand, and as a result the
measurements of eges of a species differ and the shape does not resemble that
of the freshly dissected egg. T believe that exact measurements are of little
consequence and that measurements need only indicate relative size, Further-
more, without pressure on the cover glass, detailed examination would have
been almost impossible, The faet that the mounted ece is not exactly like the
freshly dissected ege is of no importance. The latter is invariably coiled,
twisted, and partly collapsed. The mounted ezg appears more like the normal
deposited egg than the freshly dissected one does and its strueture can be more
aceuratelyv aseertained.

* Usually encyrtids contain eggs immediately after emergenee, but in several species the
females lacked mature ovaries, These were all from gingle generation seales and had ererged
from fully developed hosts at a period when no stages of that host were suitable for attack.

“Buggested by the preparation outlined by Langeron (1934 ). It consists of 50 grams
phenol, 50 ce lactie acid, 50 ec distilled water, and Yo gram scid fuchsin,



L3 T T - A L5 | = i - ] ¥
28 University of California Publications in E ntomalogi

SEcurING OVIPOSITION

Since most of the species studied attack Coceidae, the problem of obtaining
oviposition was largely concerned with that group. The technigue used was
dependent upon the type of host and the stage attacked. If the hosts were
mealybug-like (motile in nymphal and adult stages) the chances of suecess
were more favorable than if they were sealelike (usually sessile in the later
instars). Many of the former ean be grown rapidly and in quantity on potato
spronts in the insectary. IFemale parasites could be placed on the infested
sprouts and the hosts removed as parasitized, or a host eould be isolated in
a capsule for parasitizing. Usnally this type of host eould be isolated without
food for a period sufficient for a study of the early stages and in some speci-
mens for eomplete development. When very small stages were attacked, it
was necessary to supply the food plant. Those species that could not be in-
sectary grown were obtained from the field in snitable stages, parasitized, and
isolated in capsnles.

Parasites of scale inseets posed more of a problem, partienlarly field-
collected species. The females of some did not develop mature ovaries nor
could development be induced. Others, in eondition to oviposit, emerged at
a time when hosts suitable for attack were not available, Some species attack
hosts not readily reared, but when this happened the seale hosts could some-
times be kept alive on twigs of the host plant until a study of the early stages
was completed. To avoid needless disseetion, hosts were marked with a small
drop of India ink as they were attacked.

Inevitably there were species that would not ovipost or that showed little
interest in the coeeid host during the experiments; but with most of them
limited ovipesition was eventually obtained. In the Encyrtidae mating is
fortunately not a prerequisite of oviposition,

In this investization the only noneoeeid hosts of which complete studies of
ege and larva were made were two species of IHemiptera. Since these hosts
were attacked in the ege stage, the technigque emploved was relatively simple.
They were exposed to parasitization in a vial. The number of female parasites
was of no eonsequence unless they tended to interfere with one another. Onee
oviposition eommenced the egg mass eould be removed and the oviposition
process observed. As each ez of an eger mass was parasitized, that egz was
checked off on a diagram of the group.

Tt is always advisable to expose many individuals of the host for parasitism.,
The reasons for this are:

1) Eggs may not be deposited when the host is attacked.

2} There is always the possibility of loss from mortality by accidental or
natural eauses.

3) N nmerons disseetions are often necessary in order to confirm an observa-
tion.

4) If the species ean be propagated it is highly desirable to maintain a stock
for possible future work and to secure an adequate series for taxonomic pur-
poses.
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STUDIES 0F THE Dirosirep Kao

I'irst, the location of the deposited ege was songht by imspeetion of the host,
If the eges are attached to the integument, that portion whieh protrudes from
the host may sometimes be distinguished, sinee it looks like a elubbed white
seta. If the host has a roughened surface or is covered with wax, examination
is tedions. When the entire host was plaeed in the stain solution nsed for the
ovarian egg study, the stalk readily colored, whereas the host integnment
remained unchanged. The wax had to be removed from mealybugs to permit
the stain to reach any stalk. It was more convenient to dissolve the wax with
xylene, but since this solvent penetrates the egg, it was necessary to serape
the wax off carefully.

Upon dissection eggs were often found imbedded in host tissue. The host's
integument eould be pulled away with the ege attached, but there was less
]'.IUH‘H”FEI“J' of destruetion if the exos were Freed from the tissue and the integ-
ment surronnding the stalk was excised.

In those species that did not deposit ezes attached to the host's integument,
the egg was not readily found, It was then often necessary to wateh the ovi-
position procedure, to record the exaet spot, and to dissect cautionsly around
the area. Many eggs of this tvpe are easily eonfused with the body contents
of the host and the latter must be slowly examined for any egolike bodies.
When these methods failed, the hosts were dissected in aceto-ca rmine, which
stains the host’s tissues and not the parasite eoes,

The deposited eges were examined nnmounted in the dissecting fluid and
sketched. No measurements were made as they were not believed to have any
bearing on the problem,

STUDIES 0F THE LARVA

The ehief objective of the larval studies was to determine the t vpe of tracheal
system. From experience it was learned that the tracheae, when present,
became obscure soon after the larva hatched. This seemed to be eaused, in
part at least, by the quantity and opaqueness of consnmed food, During or
immediately after eclosion, feeding bewins and the major portion of the larva
fills with colored host eontents. This obstacle to observation was avoided hy
securing fully developed embrvos. The shell of the ere is transparent and
the tracheae appear almost invariably before eclosion. The margin of time
for study, however, is very narrow. It was therefore neeessary to parasitize
a series of hosts and record the exact time of e deposition in each one of the
series, Dissections were then made at intervals until ihe information was
obtained, In the meantime all material was kept at a constant temperature,

At first there were errors in the determination of the proper intervals for
observation ; however, experience reduced the number of mistakes, The de-
posited egas of all species were examined 24 hours after deposition. (None was
found to hatch prior to that time.) An examination of the contents of the
ez disclosed the degree of embrvonie development and the proximity of
eclosion. At deposition the eee is white and opaque, and as development
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proceeds it gradually beeomes translueent. This change commences at the
periphery of the ege. The opague portion, which is volk, gradually becomes
smaller but never disappears before eclosion. Eclosion oceurs soon after the
yolk body oceupies one-third or less of the volume of the ecp, By this time
the stomodeal regions and frequently the tracheae may be apparent. Dissee-
tions therefore should be made every few hours thereafter. Embryonie de-
velopment was usually 12 to 24 hours longer when the egrs were deposited
free than when the eres were attached to the intecument. Consequently in
examinations of the free eces, the first interval eould be extended to avoid
waste of material.

The embryos or larvae were mounted and the higher magmifications of the
microscope were used. At first, the different stages were mounted in the dis-
secting solution, but much skill was required. Too much fluid would float the
material from under the cover glass or shift its position while it was being
sketehed. Examinations had to be rapid, for as the water evaporated the cover
olass would deseend to flatten the specimen. By use of a simple expedient these
diffieulties were largely eliminated. Small bits of modeling elay were placed
at four or more equidistant places on the cirenmference of the eover glass,
which was then lowered directly over the ege or larva floated in a very small
drop of salt solution. While being watched under a binocular mieroscope, the
cover glass was earefully pressed until it just touched the specimen ; then, hy
means of gentle pushing at the sides of the eover glass, the material could be
rotated on the longitudinal axis with little danger of rupture, and the ege or
larva could be held in any desired position. As the water in the salt solution
evaporated, distilled water was added, Observations could be made with ease
over an extended period and there was little need for repetition which would
diminish a limited stock of material.

Some embryos had not quite reached the development desired. Normal
development was resumed for as long as 24 hours, however, when an egg was
placed in a eulture slide containing normal salt solution. Periodie observa-
tions were then easily made and the embryo could be obtained in the desired
state of development. Certain phases were examined by these means that could
not otherwise have been studied without numerous dissections, It is doubtful,
however, if the resulting eclosion was normal : usually the embryvo did not
hateh even though it was completely developed.

The same technique was used for first instar larvae.

THE EGGS
DerxITiIoN oF TERMS

The terms applied by investicators of encyrtid biologies to structures of the
eor have been many and sometimes |mnr|_v :I{'ﬂl'l‘i}ltil'l‘ of the true form or
funetion. So far as possible T have eliminated the less desirable without add-
ing new words or expressions,

The eneyrtid ege is shaped like either a dumbbell or Indian elub and eonse-
quently is ealled “double-bodied ege.” The bady, or posterior portion which
1% ;h-lms.;ilml first, eontains the embryvo and is therefore the “ece proper’ or
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“ege” in its narrowest sense. The second body, or anterior portion bears the
micropyle. Sinee in the process of oviposition this body eollapses and its con-
tents are foreed into the eee proper, the designation “bulb’ seems quite ap-
phicable. The bully is Joined to the ere roper |:_'k' a narrow fube ealled the
“neck.” Although this strueture has been commonly referred to by others as
the “pedicel” or “stalk,” 1 reserve these terms for neck and bulb eollectively
when the ege is in the deposited state, pacticularly with rezard to those egrs
that are attached to the integument of the host and partly protrude from it.
Investizators have nsed the terms “stalked™ or “pedicelated” eeos with ref-
erence to such eges when deposited. I found this sirueture to be composed of
two parts, the collapsed anterior body of the ovarian ege (hulb) and the con-
necting tube (neek). To avoid eonfusion “stalk” and “pedicel” are retained,
but applied only to the combined structures.

For the terms pertaining to the egg shell, I have relied on the publications
of I, Silvestri, since no other investigator has deseribed and drawn these
complicated structures. The reticulations on the ege proper Silvestri called
the “band.” “aeroscopie plate,” and “respiratory plate.” Since the reticula-
tions are also found on the neck, 1 use these terms to desienate the entire
structure. They may be used almost interchangeably. “Band” indieates this
structure when the egg is in the ovary, “aeroscopie plate” sngzests its form
and “respiratory plate” its function after deposition of the epg. Since its
Function is still more or less theoretical, the use of “band” or “aeroscopic plate”
1s preferable.

CompParaTIVE MORPHOLOGY
[t is common practice in a comparative study to attempt a classification of the
various forms. In this work eges are segregated primarily as an aid in dis-
cussion,

Aceording to structural complexity, eges may be divided into three CrOUPS :
unbanded, modified or banded, and intermediate.

UNBANDED TYPE

Ovarian Egg.—The unbanded type of encyrtid ege is the simplest in form.
There is no modifieation of the chorion whatsoever, Yet, like all eneyrtid epos,
they are double-bodied : that is. there is a bulb, neck, and ege proper, There
is little or no indication, however, of where the bulb ends and the neck begins.
For eonvenience the neck was considered to be only that central portion which
is uniform in diameter. The anterior point of increase in width was considered
to be the beginninge of the bulb,

The bulb is often only slightly wider than the neck, as in Quadea whitfiori
(fig. 8, B) or Euscmion caltfornicwm (fiz. 40, ard in no species was it ob-
served to be greater in width than the egg proper. The neek is of variable
length. In Quailea it is several times lonzer than the ege proper and in Aecero-
phagus pallidus so short as to be almost nonexistent, The posterior end or ege
proper is variable in shape. In many species it is broadest toward the neck.
pointed at the apex. and dorso-ventrally more or less svmmetrical, The small-
est exws are of this type, those of Acerophagus spp. beine tvpical. In other
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relatively large species the ege proper is econvex on the ventral side and only
slightly convex or coneave on the other. Among these species are found the
largest egas in the family. The eges of Cheiloneurus spp., Homalotylus sp.,
and Kusemion californicum arve notable examples.

Deposited Egg.—All the evidence at hand indieates that the eoes of the
unbanded type ave deposited completely free within the host, Psendaphijeus
angelicus was, however, the only speecies investigated by the writer, In this
the twisted and collapsed bulb is doubled back over the neck and soon mel-
anizes to a licht brown color, Other species which deposit their eeos intact are
Cerapterocerus mivabilis and Aphidencyrius aphidivorus (Silvestri, 1908),
Zarhopalus eorvinus (Clausen, 1924), Comperiella bifasciata (Compere and
Smith, 1927), Cheiloncurus noxius (Le Pelley, 1937), and Chrysopophagus
compressicarnis (Claney, unpublished).' Some of these ezgs appear oceasion-
ally to be affixed to tissue, but in no species did the neck pass through the host's
outer surface to form a projecting stalk.

The neck and bulb usnally remain intact though they may be shriveled and
collapsed, That the chorion may be unbroken was demonstrated with Psenda-
phycus angeliens. A parasitized mealybug was dissected immediately after it
was attacked. As rapidly as possible the ege was mounted in Hoyer's solution
and pressure applied to the cover glass while the slide was examined under a
microscope. Some of the contents of the exe proper entered the neck and re-
turned to the bulb, as shown in figure 64, B. The egg could not, however, re-
sume the original shape. When the eggs remained in normal salt solution for
fifteen minutes or more, compression wonld burst the ege without reinflating
the bulb.

The stalks or pedieels of these eggs eventually break off or disappear, and
the shell may then be so weakened or so ruptured that eclosion of the larva
is aided.

The eggs of several species, namely, Cheilonewrus tnimicus, Cheilonenrus
woxius, Chrysopophagus compressicornis, Eusemion cornigerum, Tefracnemus
prefiosus, and Zarhopalus corvinus, have been reported by the varions inves-
tigators to inerease enormously in size after deposition.

BANDED TYI'E

Ovarian Egg.—In this type the ovarian egg is more definitely two-bodied than
in the unbanded type. The bulb is prominent and often larger than the egg
proper. It is usually longer than wide, but sometimes is nearly spherical. The
shell is pliable and elastic so that the shape varies in mounted material. The
shell is sometimes thickened at the apex and has been said to bear the micro.
pyle.

The neck varies greatly in length. In Fueyrtus fuliginosus (fig. 30, A), it is
shorter than either the bulb or the eze proper. In other species, sueh as Wiero-
terys flavus (fig, 51, A), Phoenodizseus aeneus (fiz. 63), Qoencyrtus johnsoni
(fiz. 59, A), and Diversinervus elegans, the neck is two or more times as long
as the egg proper, The diameter of the neck is proportionate to the size of the
"+ [Published in 1946, 8.E.F.]
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other bodies and is usually uniform thronghout. In a few species the anterior
end of the neek is swollen. This enlargement is ecorrelated with band structure,

The ege proper has a typical shape, The dorsum is always flattened (at most
slightly convex) or eoneave, and the venter invaviably eonvex. The shell is
comparatively firm though pliable.

These eges are distinguished from other eneyrtid eges (and apparently
those of all Hymenoptera) by the band or aeroscopie plate. On the neck and
ece proper the shell may give the appearance of being seulptured in certain
areas, These areas form a stripe down one side of the egg; hence the term
“hands.” Silvestri (1919) fizured and deseribed this structure on the eges of
five species, Blastolhrir sevicca, Phacnodiscus aeneus, Eneyrtus infidus, Weta-
phipens melanostomatns, and Microterys masie. Strangely enough, his findings
have been completely overlooked, Embleton (1904) probably saw the band on
Eneyrtus tnfeliz beeause she deseribed a portion of the stalk as having “an
appearance of fine papillations or striations on the wall of the tube.” Smith
and Compere (1920) unquestionably found the same structure when they
deseribed a “ventral rib or stay™ whieh extended abonut two-thirds the length
of the ege of Metaphyeus lownsburyi, giving it rigidity when the egg was
inflated,

The band usually oecurs on the flat dorsal surface of the ege. With Encyrius
infeliz and E. fuliginosus, however, the eurved ventral side bears the band.
Even this genus is not uniform in this respeet, Eneyrtus infidus, aceording to
silvestri, has the dorsal snrface banded.

Although the shape, size, extent, and composition of the band vary among
species, they are essentially constant for any one species. An examination of
the ficures will show that no two bands are exactly alike. Most bands extend
two-thirds to three-fourths the length of the egz proper. In Metaphycus mel-
anostomatus (fiz. 43) the band extends only half the leneth, in Blastothriz
longipennis it is approximately one-third the length (fiz. 13), and in Encyrtus
mifeliz and E. fuliginesus it is almost the full length of the egw proper. There
is mueh variation in width : it is broad in Coceidorenus niloticns (fir. 21) and
narrow in Metaphyens flammens (fiz. 66, A). The width may be uniform
thronghout the length ( Metaphycus lutealus, fix. 47), or irrezular ( Erythra-
phijens argyrocomus, fiz, 35). Some are pointed at the apex; others are
ronnded. Several species of Ooencyrtus, e.x., 0. johnsoni (fiz. 60), have the
tip of the band forked.

The bands may be similar in shape and extent but different in composition.
Large cells mixed in with smaller ones form a pattern of hexagons with Coeei-
darenus nilotiens (fig. 21) and elongate polygons with Microterys flavies (fig.
21). The eells in the band of Evythraphycus argyrocomus (fiz. 35) are more
or less uniform in size. In Metaphyeus howardi (fiz. 44) eell uniformity is
brolken by a pateh of larger eells. The bands of Qoencyrtus johnsoni and 0,
californicus are exceptional in that throughout most of the middle area the
cells are seattered. Differences are also apparent on the neck of the band, The
diameter is usually the same throughout, but in Anagiyris pulonophilus (fig.
3, A4), Coccidorenus niloticus (fie. 22, A and B) and Pseudleptomastir squain-
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wtlata (fig. 66, 1) the neck is swollen near the bulb and the cells of the band
at that point are large, Midway on one side of the neck in Kncyrts infelix and
E. fuliginasus, there is @ prominent projection (fig. 31) called the lip, which
is actually a part of the band. In Osencyrins johnsons (fig. 59, B), and 0. cali-
fornicus, a portion of the anterior end of the neck has a thickened wall. This
Is lacking in 0. kuvanae. The band extends completely around the anterior
end of the neck in only a few species- Ooencyrius and a fow others. Usually
it does not cover more than half. The egg of A nagyrus putonophilus (fiz. 3, A)
has a collar or Jutting, thickened area on the neck, without cells, the band
passing underneath. A similar s ructure 1s found on the eges of the inter-
mediate type.

Banded eggs are by no means rare. Of the 61 species [ examined, the eges
of 30 were banded ; 14 out of 2 species recorded in the literature apparently
have banded egas. OFf the total species in this study half the number have
banded eges. The relative oecurrence of the two typesin the family is a matter
of conjeeture but it is certain that banded eggs are far more common than
has been heretofore su pposed.

Deposited Egg.—1In the process of oviposition the portion of the egg in
which the embryo will develop, the egg proper, is placed within the host and
the neck projeets through the derm or shell to the exterior. Embleton was
probably the first to observe this peculiarity but Howard and Fiske (1911)
more elearly deseribed the host-ege-larva relationship with Qoencyrius k.
tranae. At least eicht investigators have reported the same phenomenon, Of
these, Silvestri (1919) has given by far the most detailed and lueid aceount.

In connection with the deposited egg of Phaenodiseus dencus one notation
of Silvestri is very significant : if the egg, while fresh, is examined in physio-
logieal solution or in glycerine, the petiole and the dorsal plate appear black
throughout their length because of the presence of air. As noted previously,
S. E. Flanders made similay observations fifteen years later with Leptomastir
dactylopii. T also observed the deposited eggs of a number of species, and all
appeared the same. With transmitted light the band on the ege proper and the
neck is dull gray or black and, with reflected light, shimmering white or sil.
very, In some ovarian ezes the bands were not diseernible,

Most investigators have believed that the bulb is completely destroved dur-
ing oviposition. T find that this is not usually the ease, The stalk normally
consists of the neck and the remains of the bulb. The portion projecting from
the host consists mostly of neck but at its tip is the crumpled bulb. In only
one species, EKweyrtus fuliginosus, has the bulb been observed to he almost
invariably missing.

The position of the ez in the host is such that the flatter dorsal side lies
outward, Thus, with most species, the band on the ege is dirvectly opposed to
the surface of the host. With Eneyrtus infelir and E. fuliginosus, the band
is on the convex ventral side and is therefore on the side of the ez farthest
from the host’s surface.

The stalks of all such species project erect or nearl ¥ so. In a few species
(e.g., Coccidorenus niloticus) the anterior end of the neck is somewhat curved.
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The collapsed bulb may be in a tight wad or extended at an angle to the neck.

In a number of species the deposited ege melanizes, Usnally melanization
is limited to those portions within the host and in most species observed it was
confined to the band. Soon after the ege is deposited, this seetion may become
vellow-brown or gray. The eres of six species were melanized, namely, Aeona-
sies maplei, Erythraphyens argyraocomus, Microterys flavus, Microlerys sais-
selige, Qoencyrius johnsoni, and Qoencyrius californicus. Clancy [19046]
observed the band to become discolored in Tsodromus niger, and Smith and
Compere (1920) have noted that the stalk of the ege of Metaphyens lowns-
huryi darkens, In Oocneyrius johnsons and Ervythaphycus argyrocomus, the
posterior two-thirds of the ege does not melanize until much later. In the
former the band and the anterior third of the shell both diseolor, The distal
half of the band on the egg of Microterys is a lighter yellow-brown than the
proximal half,

Melanization of the egz of Qoencyirtus spp. is peculiar in that the thickened
portion of the neck, apart from the band, becomes an opaque black. Further-
more, this need not occur within the host, The egre blackens when, as oecasion-
ally happens, it is misplaced at deposition and all or part lies outside. The
cause of this discoloration is unknown. Possibly oxidation would have this
effect. There seems to be no correlation with strueture, It is noteworthy that
the melanization may take place in the ovaries of females that have been dead
for several hours. | noted this with Ooeencyrtus jolinsond, and Claney informed
me that he observed the same to ocenr with Isodromus niger. Frequently, if
not always, there is an agglomeration of diseolored host material around the
stalk immediately below the integument of the host.

INTERMEDMATE TYPE

The eggs of the intermediate type are similar to both unbanded and banded
eges, Sueh a grouping, though arbitrary, will be shown to be sienificant.

Orarian Egg.—The undeposited eggs are constant in shape. The egg proper
is more or less flat on one side and eonvex on the opposite side. The bulb may
be smaller or larger than the egg proper. In size and general appearance the
ovarian eggs are like many of the unbanded type, but there are modifications
of the chorion which would align them more ¢losely with the group exhibiting
bands, The degree of semblance is variable,

The eggs least similar to banded eggs are those with “collars”—a thickening
of the shell in the region of the neck. This projection is readily enlored by acid
fuchsin. Its position is usually somewhat nearer the ege proper than the bulb
or approximately midway the length of the eze. With Apoanagyrus califor-
nicies (fig. 11, B), Apoanagyrus sp. (fie. 9), and Melanaphycus fumipennis
(fig. 42), the collars project prominently on one side, but with Clawsenia sp.
(fig. 20) the thickening appears to surround the stalk, The collar with Apo-
anagyrus californicus (fig. 11, B) is bidentate. The egge of Isodromus iceryae
wias noted by Claney to have a transparent cone-shaped projection on the
neck near the egg proper, within which there appeared to be a smaller but
inverted cone, However, the identity of this structure with the so-called “eol-
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lars™ is a matter of conjecture. The possible siznificance of these neck struie-
tures is diseussed in eonnection with the deposited egg,

In two species the eggs have a decided resemblance to the banded type,
namely, Leptomastidea abnormis (fig. 11, € and D) and Eetromatopsis ameri.
cana (figs. 27, A; 28, B and (). In the egg of Leptomastideq a small aggrega.
tion of cells restricted to the neck are as large and distinet as the eells of many
true bands. The eger of Ectromatopsis perhaps could be classed with the
banded type. On the anterior end of the neck there is a small cluster of cells,
When the neck is viewed laterally, a row of very minute ecells immediately
below this cluster can be seen to extend the length of the neck. In the dorsal
aspect no band is visible for a short distance below the cluster of cells - hut
thereafter it can be distinguished on the rest of the neck, though narrow and
composed of minute eells. At the anterior end of the ez proper the hand
widens slightly. A bandlike area, devoid of cells, is discernible on the e
proper. On the anterior end of the neck there is a dentate eollar which has a
strong affinity for acid fuchsin. Above the collar the neck is bulbous or flask-
shaped.

The egz of Bothriothorar n tgripes has a vague resemblance to banded egos,
A fine line (fig. 17) extends along the neck for nearly its entire length, Though
this stained readily, no cells could be found. No struetures were visible on the
ez proper and the neek is unornamented.

Deposited Egg—Observations have shown that when the ezes of the inter-
mediate type are deposited, the neck passes through the host's integument to
project to the exterior : however, the attachment of the neck to the ege proper
is extremely fragile. If dissections are not made immediately after oviposition
and with enough precaution, the main body becomes disengaged and floats
free. This fact undoubtedly accounts for the mention of free-floating egos in
Leptomastidea abnormis by Vierick (1915) and Smith (1917), and may ex-
plain similar records with other species which are said to lack a “pedicel” on
the ege,

In the intermediate type, the portion of the exg left outside the host is less
erect shortly after deposition than in the banded type, and may collapse en-
tirely. If, as in Melana phyecus fumipennis (also Isodromus iceryae, according
to Claney) several eggs are laid in elusters or close together, the stalks may
support each other and remain erect,

The deposited eco of Ectromatopsis americana may be more closely asso-
ciated with the banded type. The attachment is quite firm. The narrow band
on the neck has a silvery sheen immediately after deposition, but this sheen,
which is considered significant in the light of larval strueture and develop-
ment, is lacking on the ege proper. The integument of the host surronnds the
neck of a deposited ezg immediately beneath the eollar, if sneh a structure is
present. Clancy informed me, however, that he found a similar structure on
the ege of Tsodromus eeripae completely within the host. No function was
assigned to it. In either position these stroetures might serve as a sort of wed e
to prevent the ege from slippine. Sueh g funetion, however, does not appear
to be of any importance in this tyvpe of ere,
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The bulb, thongh collapsed, probably remains intact. The experiment of
inflating the bulb by erushing Freshly deposited eges was attempted with two
species Melawaplyeus frmipenuwis and Apoanagiyprus sp. Partial inilation
was obtained with the former but none with the latter. There was a tangled
membranous mass in the stalk of the Apeanagyris which seemed to prevent
any material from passing back into the bulb,
One instanee of melanization was observed in which the portion of the stalk
of the Melanaphyens egg Iving within the host turned a gray color, visible
through the host’s intecument, and thereby Facilitated the location of the ezes.

STRUCTURE 1IN RELATION TO TAXONOMICAL AND BIOLOGICAL STUDIES

The classification of exes may have considerable taxenomie significance, There
are enexvriid genera in which the ezes of all the species studied belong to the
unbanded type, e.r., Cheilonewrus and Aeerophagus, or to the banded type,
ez, Eneyrfus and Metaphyens, Sinee the intermediate type is indefinite, it is
perhaps unlikely that genera exist which have such eges excelusively, The egg
of Isodramius niger according to deseriptions by Claney [1946] wonld belong
to the banded type and that of Isodromus iceryae to the intermediate tyvpe,
However, further taxonomie studies may reveal them to belong to two genera,

The ege structure also has some specifiec value sinee eges may differ in type
among species of a genus. Differences within the type, more particularly the
banded group, are also of value, This is illustrated in my study on Blastollirir
from lecanine seales, On the basis of adult echaraeters the California encyrtid
Blastothrixe longipennis How. is regarded by such competent authorities as
P. . Timberlake and Harold Compere to be inseparable from Blastothrix
sericea Dalm,, and probably synonymons, I noted, however, that the band on
the eoo of B, longipennis was quite different from that deseribed by Silvestri
for B, sericea, On the basis of this evidence, as well as of minor differences, it
seemed logical to assume that there are two species coneerned, though the
imagoes are as yet indistinguishable,

Specificity in egg strueture may be of value in a study of the parasite fauna
of a host. I had not been able to seeure laboratory-deposited eges of Blasio-
thrixe longipennis and recourse was had to field-parasitized seale, These seales
had been heavily attacked by several enevrtids and aphelinids, There was only
one ege the structure of which remotely resembled the ovarian ege of the
Blastothrir, and it was assumed that this must be the deposited ege songht.
subsequently this appears to have been eonfirmed by rearving. Blastothrir
emerzed and the ovarian eggs of other species reared were the same as those
found within the host seale,

Considering the great diversity in band strueture, it might be thought that
banded eges are not difficult to distingnish specifically, The ezos of some
species, however, are strikingly similar, e.e., Ooeneyrtus iohnsoni and Ooen-
ciyrtius californicus, The eges of other species will probably be found to be
indistingnishable, Without abundant evidence, the limitations of specificity
cannot be defined, but most certainly a study of the ece structure can be of
valne E!] il l]ifnffr;:ivnl ii]\'qlxliguliuu.



48 University of California Publications in Entomology

The presence of the band on the eneyrtid egz enabled Flanders (1942) to
demonstrate that the eges of Hymenoptera are absorbed if they are retained-
in the ovary for lack of suttable oviposition sites. In Clausenia sp. (fig. 20)
the ring bands, whieh remain unabsorbed, provide a record of all the eges that
have been produced and not deposited,

OvVIPosITION

The manner in which the egg is deposited varies greatly among species and,
to a minor degree, among individuals of a species, The only way in which
oviposition in general could be classified would be according to its rate. Rate
of oviposition is dependent upon three factors: speed of ovipositor insertion,
ultimate destination of the egg, and number of eggs per insertion,

The penetration of the host’s surface by the ovipositor is often the most
time-consuming operation. For example, several minutes are required for
Qoencyrins johnsoni to bore a hole through the shell of the host egr. The
shortest period was nine minutes but fourteen minutes or more may elapse,
Other parasites require similar periods. Claney [1946] found that the pene-
tration of the Chrysopa interument by Chrysopophagus compressicornis was
a lengthy process. On the other hand, with many parasites, particularly those
attacking soft-bodied coecids, the ovipositor penetrates with one gquick thrust.

The final position of the eeg, as well as its struct ure, may influence the rate.
The banded and intermediate ypes require the most time. These, we have
seen, are placed with the neck projecting outside the host. The ege-laving
procedure follows a definite eourse. Onee the ovipositor is inserted, a distinet
pause ensues during which the egg proper is presumably placed in position.
The ovipositor is withdrawn, or nearly so, and then another pause oceurs, The
body of the female vibrates rapidly and fluid ean be seen passing down be-
tween the stylets; then near the tip the stalk bows outward and the collapsed
bulb suddenly springs free. If this process of oviposition is a matter of min-
utes, most of the time is consumed in placing the ege proper. After that the
process is completed in a few seconds. However, with some parasites, for ex-
ample Encyrtus fuliginosus and Melanaphiyeus fumipennis, the entire pro-
cedure is so rapid that all the steps are rarely apparent. The latter species is
particularly remarkable in that ege-laving is complete in a few seconds, Ordi-
narily, deposition can be detected by watching the actions of a female, but in
these two speeies it was very seldom possible to be certain of the deposition of
an ege. Similarly, eggs of the unbanded type may be laid hurriedly or lei-
surely. As a general rule, however, oviposition requires only a few moments.

When single eges are deposited, only a few seconds may be required. Para-
sites like Pseudaphyeus angelicus, that may place a number of eges in one
host, take several minutes. A minimum period of five minutes and a maximum
of twenty minutes has been noted. As many as twelve eggs may be laid at one
insertion of the ovipositor,

Specific and individualistic behavior often prolongs the process. There is a
minimum time of ege deposition for every species, but eertain individuals may
spend hours at the process,
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FIRST INSTAR LARVAE
CoMPARATIVE MORPHOLOGY

Encyrtid larvae of the first instar are conveniently classified into two groups,
those with closed tracheal systems and those with open systems, This elassifi-
cation, unlike that based upon the srouping of the eggs, is on a firm functional
basis.
TRACHEAL SYSTEM CLOSED

In this group the tracheae typically make one complete cireuit in the larval
body from the first to the ninth visible body segment. The lateral tracheal
trunks make up most of the civeuit, which is completed by connecting com-
missures at both extremities. The anterior commissure is longer than the poste-
rior one and usnally loops forward and above the fore intestine. In diameter it
is smaller than the other tracheae in the cirenit, Invariably there are cephalie
branches at the points of union with the main trunks. The posterior commis-
sure is of the same diameter as the lateral tracheae, or nearly so. It may loop
dorsoanteriorly but is most often straight and short, Branches of the lateral
tracheae are small and frequently indistinet.

There are species with tracheal systems which appear incomplete. With
Leptomastidea abnormis (fig. 36) and Apoanagyrus californicus (fig. 7, B),
only portions of the lateral trunks were discernible. The entire system prob-
ably exists, but could not be seen, Two species have been reported to have only
partial systems. The larvae of both Tetracnemus pretiosus (Claney, 1934 ),
and Anarhopus sydneyensis (Compere and Flanders, 1934) are said to be
devoid of trachea at eclosion but later develop a pair of rudimentary trunks
(see fir. 67).

The so-called “atracheate™ larvae are also placed in this group. 1 am of the
opinion that many species reported to be without tracheae actually have a
closed system. 1 experienced much difficulty in finding tracheae, and it is
entirely possible that other investizgators overlooked obseure respiratory fila-
ments, Furthermore, a system may be present though not functioning in sueh
a manner as to be distinguishable, To discern tracheae it has been necessary
to depend upon the reflection and refraction of light. In direct light tracheae
containing air have a silvery sheen and in transmitted light such tubes are
black. If air is removed, tracheae disappear. It seems reasonable to suppose
that the tracheal svstem sometimes does not contain air and would not, there-
fore, be observable by this method. 1T discovered that by examining fully-
developed embryos, a tracheal system could be found ; whereas after eclosion
it was practically invisible. This method was habitually employved and the
only species encountered that could possibly be atracheate in the primary
stage was Psewdaplycus angelicus, No trace of tracheae could be found before
or after eclosion,

Thoueh the larvae of this eroup have a common type of respiratory system,
there is a notable variation in body shape and none ean be regarded as tvpical.
In some species the larvae are almost perfectly spherical, e.o. Ps wdaphyens
angelicus (fie. 659, Metaphycus m clanostomatus (fie, 49 and M. timberlakei
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and Melanaphyens frunmipennis (fig. 43). Others are broad in the head and
thorax, tapering posteriorly, and erescentie in the lateral aspeet, e, Fetro-
matopsis americana (fiz. 20), Apoanagyrus californicus (fig. 10), and Apo-
aragiyrus sp. (lig. 9). In some the posteriormost segment (or segments) may
be greatly attenuated to form a “tal,” e, Cheilonewrus sp. (fig. 19). Larvae
of this shape are designated “caudate” or “tailed.”

Some spherieal larvae may possess an open tracheal system, but larvae that
taper posteriorly or are attenuated to form a tail have never been found to
have an open system. Larvae of the genus Kneyrfns may be recarded as EXCep-
tional. In these, particularly the later instars, the posterior extremity is pro-
longed. The tail, however, is hifureate and bears a spiracle at the tip of each
process. Larvae with a single posterior process have no spiracles and the
tracheal system terminates anterior to the tail.

Most larvae of this type leave the egeshell completely at eclosion. Only a
few remain, entirely or in part, within the egashell. The larvae of two such
species, Pseudaphyeus angeliens and Melanaphycus fumipennis, were noted
to be almost completely enelosed by shell. Thus they may remain until body
expansion bursts the shell. Claney (1934) has shown that in Tetracnemus
pretiosus nearly half the first instar is passed within the enveloping chorion.
Aceording to the deseription of Anarhopus sydneyensis by Compere and
Flanders (1934), a similar condition prevails in that species,

Some larvae retain the egeshell at their posterior extremities, Tt more or
less caps the tail of those that fire caudate in form, Leptomastidea abnormis
thus retains the eggshell during most of the first stadium, A similar condition
is said to prevail in Carabunia myersi, Cheiloneurus inim ieus, Camperiella
bifasciata, O, unifaseiata, and Chrysopophagus compressicornis. In these spe-
cies the sneceeding east skins become telescoped with the shell during ensuing
stages. In two known records, spherical larvae remained partly enclosed.
Claney’s [unpublished manuseript] record of Isadromus iceryae, and Silves-
tri's (1919) of Metaphycus melanostomatus. It is worthy of note that in each
the egg is attached by the stalk to the integument and the larva is suspended,
Just as in species with metapneustic tracheal svstems. The larva of Tsodromus
is readily dislodgzed from attachment.

TRACHEAL SYSTEM OPEN

Larvae of this group are unique in Hymenoptera, As in those with elosed
systems, the tracheae make a complete cirenit of the body, but the lateral
tracheae extend posteriorly beyond the commissure and bear spiracles. Such
larvae are said to have a metapneustic tracheal system as opposed to an
apnenstic system (lacking spiracles),

The caliber of the tracheae is often ereater than in the closed svstems and
the cirenit is always complete. The spiracles are always directly opposed to
the aeroseapie plate. The posterior segments are enclosed by ezeshell which
becomes augmented by the exuviae. Silvestr (1919} called the resultant
envelope the “respiratory hood.” This hood may become filled with eas and
the spiracles may be placed within the bubble instead of flush on the band.
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The spiracles may be so firmly attached to the band that larvae eannot be
removed intact, The typreal position of the larva is in loneitudinal suspension
relative to the egeshell, The shell which encases the posterior end quite pos-
sibly assists in maintaining the spivacles in position. This, however, does not
provide a sufficient explanation. Spiracles might be held either by suction or
by some other mechanmism. Io later instars of some species, spiracles appear to
be provided with minute finger-like projections, It has been suggested that
these funetion as wedges in the cells of the band ; however, no appendagzes
could be detected on the spiracles on newly hatehed larvae, Some larvae are
easily dislodged ; more particularly those that have a spherieal body, as for
example, Erythraphycus argyrocomus and Tsodromus niger. The shape of
these species is such that the shell cannot aid in holding the larva in place.

There are a few exeeptions in the structure of the tracheal system and posi-
tion of the larva as deseribed above, The respiratory arrangement of a metap-
neustic tracheal system as heretofore observed in first instar larvae has heen
characterized by two open spiracles at the posterior end. The larva of Ery-
thraphypens argyrocomus, however, has four spiracles (fie. 39) and these, in-
stead of being placed erosswise to the acroscopic plate at the distal end of the
ege body, are in a row lengthwise. A single larva of an unidentified parasite,
probably Metaphycus sp., on soft brown scale (Cocens hesperidum), was ob-
served to have two pairs of spiracles®

The position assumed by the larva of two species in relation to the exe shell
is of oreat interest. The larvae of hoth Aenasius maplei (fie, 1) and Anagyrus
putonophilus (fig. 6) hateh anteroventrally from the exe, so that thev lie
almost at right angles to the longitudinal axis. The spiracles, consequently, are
appressed to the plate near the apex of the egg proper. Such a position may
be common with larvae of other species, but has not been heretofore reported.

Most larvae are more or less sausage-shaped. The larvae of Erythraphiens
argyrocontis and Tsodramus niger are spherieal. Although some taper slightly
posteriorly, they are always bluntly rounded. The species of Eneyrtus have
been said to have bifureate tails, but these ave lacking in Fneyrius fuliginosus
(fiz. 30, I and E), at least in the first instar.

TAXONOMIC BIGKIFICANCE OF OPEN AND CLOSED TYPES OF TRACIIEAL SYSTEM

The elassification of larvae according to the structure of the tracheal system
may have some hearing on taxonomy. Both types, however, are found in the
cenus Tzodromus. Sinee the tracheal system has few variations, and since
larval differences may exist in other structures, the type of system is, at most,
of secondary importanee,

OpsERVATIONS 0N EMeryoNic DEVELOPMENT

In the disenssion of technique it was stated that, in order to seenre the newly
hatched larva, a series of hosts were parasitized and dissected at intervals.
Consequently observations were made on the development of the embryvo. One

* [Beveral species of Metaphyens ineluding M. Iownsburyi hove recently been found by
M - A " 3 w ] o - .
¥ I-il“ll'!’ﬁ to have four apiracles in the first inatar, Planders (1042 states that possession of
four spiracles seems to be charaeteristic of the genus, 8.E.F, ]
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of the phases which will be deseribed in detail here concerns the period be-
tween maturing of the embryo and eclosion and has a bearing, direet or
indirect, on the problem of larval respiration.

At deposition the egg is filled with a granulated translucent mass which
gradually becomes smaller, assuming a position central to the latitudinal axis
but nearer the posterior than the anterior end. The embryonic layers form
at the periphery of the yolk mass. The yolk is enclosed within the embryonic
mid-gut and the entire ege proper is oecupied by the embryo. The indentation
of the stomadeum indicates that encyrtid embryos develop with their heads
in the anterior position and that blastokinesis does not take place. In all of
twelve species examined the stomadeal indentations were at the stalk end of
the eges,

Following the aequisition of form, peristaltic movement of the mid-gut
commences and the tracheal system appears. The tracheal trunks are the first
to become visible, then the commissures and cephalie branches, and finally the
lateral branches of the trunks. All those with spiracles have the trunks, com-
missures, cephalic branches, and most of the secondary trachea filled with as,
The number and situation of the minute secondary tracheae that appear at
this time vary among species and the individuals of a species. Only rarely does
an entire tracheal system become visible in the mature embryo among those
species not destined to have spiracles in the first instar. With many embryos
a eomplete loop and cephalie branches are seen, but no lateral branches. In
Apoanagyrus californicus only a portion of the trunks are ever visible, and
in Leptomastidea abnormis tracheae were not observed prior to eclosion. No
tracheal system was found in Pseudaphyeuns angelicus, either before or after
eclosion,

By the time the embryo is mature and begins to coneern itself with eclosion
its actions are diverse. Embryos with spiracles which are to lie near the stalk
end must reverse their position. This change is accomplished before eclosion.
The embryos of four species, namely Ovencyrius johnsoni, 0. ealifornicus,
Microterys flavus, and Erythraphyeus argyrocomus, have been found to lie
first with the head at the anterior end of the ege and then with the head at the
posterior end without rupturing the egeshell. The actual process was observed
twice, with different species. The mature embrvo of Microferys turned without
difficulty in a few minutes. The movement was parallel to the band and
counterclockwise to the dorsum of the ege. Midway in its rotation it briefly
halted. The act with Erythraphyeus was somewhat different. The larva writhed
and squirmed for some time, then finally rotated at right angles to the band
with the head farthest removed from the band. Regardless of the method of
reversal, it would seem that all embryos rotate that are to lie eventually with
the spiracles at the stalk end of the egg. Aenasius maplei and Anagyrus pu-
tonophilus, whose larvae have the spiracles situated at the opposite end, do not
alter their position.

Ome would expect that those lacking spiracles would not reverse within the
eceshell, This is believed to be true for the majority of species, but not for all.
I found one exception, Leplomastidea abrormis. Figure 36 shows a sequence
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of embryonie stages in which it will be noted that the foregut lies anteriorly
in the ege at first but before eclosion assumes the posterior pna-:ili:nrl. The act
of rotation was not observed. It is noteworthy that the ege has a “piece of
band.” that is, a few cells on the stalk, but no band on the erwr proper. This
may indicate that the ege and larva are transition Forms between unbanded
ecws and apnenstic larvae on the one hand, and banded egges and metapnenstie
larvae on the other,

Reversal is not necessarily embryonie movement, Thourh eclosion has not
taken place when it oceurs, embryonie development is most eertainly complete ;
the oreanism therefore may be considered to be in its first larval stage,

Complete eclosion was never observed. With some species the eges seem to
cleave evenly and always along the same line. With others the egeshells seem
to have fairly burst so that the shell forms a erumpled mass about the posterior
segments of the larva. In Psexudaphyens angelicus and Melanaphycus fumi-
pennis eclosion appears to be a secondary process. At some period the ege
becomes detached from the stalk. The larva is enabled to feed throueh the
resulting aperture and the consequent expansion presumahly bursts the en-
closing shell. The embryo of a number of species, namely, Aphidencyrtus
aphidivorus, Cheilloneurus noxins, Chedlonewrus inimicus, Chrisopaphagus
compressicorms, Zarhopalus corvinus, lies coiled within the shell and eclosion
has been said to oceur when the embryo unflexes the tail and ruptures the
chorion,

Morriorosy oF Baxpep Eaas

Eggs as stated previously are arbitrarily divided into three types, banded,
unbanded, and intermediate, aceording to the strueture of the shell, Unbanded
eges have a thin elastie chorion which is extremely fragile thronghout. In the
intermediate type the egg proper is more firm and less likely to be damaged
during dissections. In general, the eges of these two groups have a simple
unmodified chorion, The banded eges, however, have more or less complex
chorions because of structural modifications whieh appear to play a role in
conveying the air to the developing larvae.

Eacs v ToTo

As in the other groups, the shells of the banded eges are elastic. These ezos,
however, ean be manipulated considerably without rending the ehorion. When
the entire ege is compressed, the bulb and the unbanded portions expand, the
band remaining nnaffected. The neck is flexible though somewhat brittle, The
rigidity of the band on the ege proper assists in retaining the shell about
the posterior extremity of the newly hatehed larva,

I appearance the band is like a section of a cobblestone pavement, a bit of
mosaie, or a cross seetion of a plant roat. A change in foeus of the microscope
may bring about a resemblance to stippling. Silvestri (1919) deseribed the
bands as dimpled or reticulated, which would indicate that the areas are
merely surface sculpturings of some sort. It appears, however. that the band
is a highly modified portion of the eggshell. In the lateral aspeet a band is
seen to have thickness and to be partitioned at regular intervals into compart-
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ments or cells, 1t is demonstrable in a deposited egg that a band is composed
of tiny compartments. In a mounting medinm sueh as glyeerine, the fluid
displaces the air in the bands so that gradually and irregularly the silvery
sheen disappears. The action may halt for a time, then suddenly and rapidly
engulf a whole group of “ecobblestones.” As a result of this observation and
because of the similarity in appearance of all bands, the units of which they
appear to be composed are called eells here,

It has been shown that the size and arrangement of cells form a specific
pattern on the ege proper. Variations also oceur in the loealized thickness of
cells, This is frequently noticeable in the anterior region of the neck, as,
for example, in Coceidorenus nilotiens (fig. 22) and Anegyrus putonophilus
(fie. 3). Less apparent are thicknesses on the egg itself. In Cocerdorenus and
Oovencyrtus johnsont cells arve slightly deeper at the anterior end. There are
a few notably anomalous species. In Qoencyrtus the species possess deeper
cells at the very apex of the band. The thiekness is quite abrupt and very
apparent. On the neek of the egg in certain species of Eneyrfus, namely
fuliginosus and infeliz, the band forms a lip which projects on one side. The
lip is probably composed entirely of cells (fiz. 31) although the arrangement
is so complex that their interrelation is difficult to determine.

The upper and lower surface walls of the band are usually of uniform thick-
ness thronzhout. However, in OQoencyrtus johnsoni the cells are beneath a
thick wall extendineg over a considerable area at the anterior end of the neck,
as in ficures 59, B and €. Anteriorly and posteriorly the thickening disappears.
In a few species there are indications that the outer wall is thin at the anterior
end of the neck. Figures 3 and 22 illustrate this appearanee in Anagyrus and
(Caccidorenus. Tn both species the outer wall posteriorly for a short distance
is thicker than it is anteriorly. It is quite possible that the cells at the anterior
extremity of the neck are open, at least in part, and that the other cells of the
band are closed.

Ecas v SECTION
In an effort to obtain a better picture of the true structure of bands, histo-
logical work was undertaken. Egas of the Anagyrus and Coccidoxenus were
selected, particularly becanse a seetion through the large cells at the anterior
end might demonstrate whether or not any were open.

Sinee the egg is so small that manipulation of it is most difficult, the ovaries
were sectioned, This would have the additional advantage of providing sec-
tions throngh several eggs at one time. Sections five mierons in thickness were
found to be preferable. The first preparations were made of ovaries in the
normal, eoiled position in the belief that the egzs would then be eut at a
variety of angles, some of which would certainly supply the necessary infor-
mation. The result was such a tangle of eges and ovarian tissue that it was
impossible to detect an orderly series. Thereafter, ovaries were uncoiled before
being fixed in Bouin’s solution.

The results of staining were decidedly unsatisfactory. The first sections were
treated with eosin and haemotoxylin, All the structures with the exception
of the egoshell would take this stain. If the chorior had become in the least
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stained, the observations might have been snecessful. Basie fuchsin, acid Fueh-
sin, borax earmine, and acid fuehsin in lactoplhienol were tried with appro-
priate modifications in the procedures. With the exeeption of the last named,
there were no noticeable improvements. Sinee this one offered some Pronmise,
many experiments were undertaken to improve the effeet by varying the
period in the stain and destaining with aleohol, acetie acid, or water. Not one
of the procedures showed much improvement with respect to the staining of
the eggshell, and there was no opportunity for further experiments to obtain
a reagent specific for egeshell.

Observations were therefore dependent nupon the charvacteristie licht refrac-
tion of the shell, In sections other than across the band, nothing of the struce-
ture could be deteeted. On the ego proper the band is so thin and the eells are
s0 minute that its nature was not observable. The failure to stain and the
minuteness of the eells are not the sole obstacles to observation. In any section
the walls of other eells obstruct vision, If each cell had a minute hole in the
center on the upper surfaece, it would not be seen even if the microtome hlade
should pass diveetly through one cell ; for the surface of the cell situated
directly behind would eause the appearance of a solid layer. If sections could
be eut as thin as the width of one cell, it might be possible to diseern the
structure without interference from the walls.

The following data were derived from the only preparations which eould be
obtained to supplement observations of the whole mounts—those in which the
sections intersected the neck at vight angles in the areas of larger cells

Anagyrus putonophilus (fig. 4, A.).—The shape of the band on the neck
in eross section is like that of a horseshoe. Normally the shape is probably
flatter, the ventral nonbanded area becoming extended. The inner wall is
slightly thicker than the outer wall. The cells are elosely packed together.
The size and number are associated with the portion of the neck on which they
ocenr. The number and breadth of cells are the same as that which appears on
the surface when viewed in toto. In figure 4 the appearance at several points
is diasrammed : A, B, and € are successive views of the first third of the
anterior end as shown in fisure 3. The definition of eell boundaries is not as
clear as indicated. Upper and lower surfaces appear to be slightly thinner
in the sections showing the cells farthest anterior but no opening eould he
detected. The interrelationship of eells eonld not be determined.

Coceidoxenus niloticus (fig. 23) —No clear sections of the anteriormost

*portions could be secured because of the eurvature. The shape is probably
similar to Anagyrus. A is considered typieal of the portion ocenrring as the
posterior third of the anterior end of the neck, as shown in A and B of figuve
22. The size and number of cells depend upon the point of seetioning. The
upper wall of each cell is slightly convex. Descending the stalk (B and )
cells are broader and fewer. On the greater part of the neck there are only
four large cells and they appear to be continuous to form tubes down the
neck. Just in front of the eze proper (E) the cells are more variable in num-
ber and size. Posteriorly they then hecome so small in both dimensions that
the structure disappears.
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The data given is far too poor for a complete understanding of the com-
position of bands. There is no ¢lue to the manner of ingress or passage of air.
Adjacent cross seetions may have a variable number of cells without any
sugrestion of interconneetions, However, because of the general appearance
of bands and the behavior of liquids passing within, there is undoubtedly
some sort of connecting system.

PHYSIOLOGY OF RESPIRATION

It has been generally believed that endoparasitie larvae without spiracles
and those devoid of tracheae obtain their oxyzen by way of osmosis, either
through the body surface or the intestine, This theory seems adequate for all
larvae with closed tracheal systems. Internal parasites that respire atmos-
pherie air are, however, very rare and encyrtids are the only known Hymen-
optera equipped with posterior spiracles for this purpose. I have confined my
studies largely to those eneyrtid larvae having metapneustie tracheal systems,

The prevalent explanation of the manner in which the larvae respire is
attributable to Howard and Fiske (1911), who held that the stalk of the egg
of Ocencyrtus kwvanae was hollow and conveyed air to the larva “like a
life line attached to a submarine diver.” No respiratory system was deseribed.
Imms (1918) found that the young larva of Blastothriz sericea possessed
tracheae with two spiracles situated at the caudal extremity of the body and
coneluded that it could thereby breathe directly through the ege stalk. The
coneeption that eneyrtid larvae with metapneustic tracheal systems respire
atmospheric air by way of the hollow egg stalk has persisted up to the present
time.

Three observations of Silvestri (1919) on certain species should have
altered this concept: (1) the eggshell was very complex in structure; (2)
air appeared in the band on the deposited egg from the anterior end of the
neck on to the ege proper; (3) the spiracles of the primary larva adhered
to that portion of the shell bearing the band. Iis opinion regarding the
manner of respiration was to the effect that the projeeting anterior end of
the stalk was a sort of porous stopper (“respiratory plug”) which permitted
the osmotic passage of atmospheric air; the lumen of the petiole or neck
funetioned like a tracheal tube: the reticulations on the egg proper served as
an “aeroseopic membrane” (the exact role played by this structure was not
made elear) ; eges possessing this strueture he called “tracheated eggs.” Pre-
sumably Silvestri believed that the “plug™ provided the means for air to
enter the lumen of the neek, which conveyed air to the spiracles of the larva.
Consequently his opinion differs from that of other observers only in the
manner in which air enters the stalk, the others having maintained that
entranee was gained by the open apex of the broken stalk.

My hypothesis, based on ohservations almost identical with Silvestri's, was
that atmospherie air penetrates and pervades the band on the egg but does
ot enter the lumen of the stalk, the larva obtaining the air directly from the
band. To determine the validity of this eontention recourse was had chiefly
to the dissection of live hosts of many species.
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Evipexce Tuar Tue Baxp Conpuers ATMOSPHERIC Ak
STRUCTURAL CORRELATION BETWEEN THE EGG AND LARVA

A remarkable and significant correlation exists between the strueture of an
ege’s shell and the tracheal system of the larva developing in that eggz. The
classification of the ege and first stage larva as used herein is based on this
correlation,

Larvae hatehing from eges of the unbanded type have, so far as known,
a elosed respiratory system, An ege of this structure is deposited free or
attached to organs but no part is attached to the host’s derm or shell. Like-
wise there are no air-bearing structures, Consequently neither the position
nor the structure of the ege provides a means for the passaze of atmospherie
air,

Larvae from eggs of the intermediate type likewise have a elosed respira-
tory system., An egg of this type is suspended within the host by the neck whieh
passes through the integument. Only in Eetromatopsis americana were there
air-bearing structures; and in it the air scarcely reached bevond the neek
of the ege. The larva of Eetromatopsis as with other larvae from egoes of the
intermediate type (excepting Clawsewia and Bothriothorar, which were not
obtained for study) has an apneustie tracheal system.

In my observations, all larvae with eaudal spiraeles developed in banded
eggs. It may be erroneous, however, to state that only larvae with metap-
neustic tracheal systems develop in ezgs of the banded tvpe, The ege of
Metaphycus melanostomatus was illustrated by Silvestri as bearing a band
(fig. 458 ) thongh a deseription was omitted and the larva (fiz. 49) was fioured
without spiracles. In my opinion additional exceptions may be found to ocenr.
The converse, that larvae with metapneustie tracheal systems hatch only from
exes with bands, appears true although the evidence is scant: however, |
observed the correlation with fifteen species. To these ean be added four
species reported by Silvestri. Other investigators have deseribed or illustrated
at least four other species in which sueh correlation seems very probable,

OCCURRENCE OF AIR WITIHIN TIHE BAND

Air contained in any transparent objeet immersed in a clear fluid has a
tvpical appearance; it is white or silvery color by reflected light, and gray or
black by transmitted light. Banded eggs exhibit this appearance immediately
after being deposited. Silvestri was the only one to have stated that air oceurs
i the band ; but of the four banded eros he deseribed he mentions this faet
for only two species, Eneyrtus infidus and Phacnodiscus acnens, Other in-
vestizators probably observed the effect but did not recognize the eause or
sigmificance. Smith and Compere (1920) stated that the stalk of the e of
Metaplycus lownsburyi became dense white immediately after oviposition, .\
waxy inerustation was reported to oceur on the exw of Encyrius infidus by
Clausen (1932).

I examined the deposited eges of twenty-three species. Of the eighteen that
were banded, the color effect appeared only in the band on the neek and P
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proper. Nonbanded ergs were entively translucent. Silvestri stated that in
Phaenodisens acneus air was present the length of the petiole and in the band
on the eeg proper. Evidently he did not note that air was eonfined entirely to
the band on the petiole ; for he, like others, indicated that the Inmen of the
stalk itself conveyed air.
APEX OF TIE STALK

With the exeeption of Silvestri, writers have stated or implied that air entered
by the open apex of the petiole. Silvestri observed the petiole to be eapped by
the remains of the bulb. I found, in all but one of the species examined, that
normally the bulb was simply shriveled and eollapsed.

That the bulb may be perfectly intact was demonstrated as desceribed above.
Eggs were dissected free from the host as soon as possible after their deposi-
tion. They were mounted in Hoyer's solution and very carefully compressed
under a cover glass, The procedure was attempted with the eggs of Ewncyrtus
infelix, Qoencyrtus johnsoni, and Anagyrus putonophilus. With noticeable
pressure, material could be forced back into the bulbs of the eges of Encyrius
and Anagyrus, which again inflated. Undoubtedly the plug which later ap-
pears within the stalk begins to form immediately after deposition of the egg,
and it is this that necessitates the undue pressure. Figure 5, A, shows a
deposited egz of the Anagyrus after it has undergone this treatment. No
diffieulty was encountered in inflating the bulb of the Ovencyrius ege. This
effect indicates that, with these species at least, the bulb is not destroyed
during oviposition.

Damaged bulbs have been observed, and in Encyrtus f wliginosus the bulbs
were almost always missing. In any case the bulb may eventunally deteriorate
<o much that the stalk becomes open at the apex. The faet remains, however,
that in the great majority of species the stalk is closed at the end.

BLOCKED LUMEN OF STALK

With some eces a plug oceurs in the lumen of the stalk immediately in front
of the ege proper. Embleton (1904) reported this “protoplasmic matter” in
the ovarian exgs of Encyrtus infeliz and Thorpe (1936) frequently found the
plug in the same species. I have observed plugs in a number of other speeies,
The period of plng formation is variable but never occurs until after deposi-
tion of the exos, It appears in Anagyrus putonophilus soon after the egg is
deposited, but not in Aenasius maplei until after eclosion. Encyrtus infelix
was extensively investizated but no plug such as was noted by Embleton was
found in the neck of the ovarian egg. It appeared, however, soon after de-
position.

With the Encyrtus (fiz. 33), the Anagyrus (fiz. 5, B), Aenasius maplei
(fie. 1, B), and Leplomastiz dactylopii plugs are black and opaque. With
Metaphyeus howardi (fiz. 45) the plug is brown and somewhat transparent.
All plugs are solid and do not break up when ecompressed under a cover glass,
Thorpe (1936) thought that the plug in the Encyrtus only partly blocked the
stalk and eounld not prevent the passage of air. However, if air penetrated the
hollow stalk, the eolor would change both above and below the plug. In none
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of the ezes of the above species, or of those eoos of other species without pligs,
was the silvery appearance observed within the lomen of the stallk.

The origin of plugs is problematical. Thorpe recarvded them as remnants
of the apical yollk mass, 1 helieve they may be dervived from the vitelline mem-
brane that was contaimed within the bulb, Thoneh errrs of some species have
some sort of ernmpled material within the stalk, the deposited eges of most
ﬁ'?:‘l'il'h‘u lack even this bit of extraneous matter, even thoueh members of the
same genus possess plues, In Ewcyrins fuligivoses and Erythaphyeus argyro-

comus the stalk appears unobstrocted,

LOCATION OF SPPIRACLES

Most investigators in discussing the tracheal systems have indicated that the
spiracles of the primary larva arve at or near the opening of the stalk into the
egw proper. In my observation the spiracles appear located on the inner sur-
face of the acroscopie plate on the egg proper. With a few notable exceptions,
they are attached a short distanee from the neck. Silvestri stated that in
Phaenodisens aencus and Encyrtus infidus the spiracles adhere in a similar
position. This appears in the illustration of the former species, but in that of
the latter the spiracles are unattached (see figs. 16 and 34). Thorpe has
deseribed and ficured the same sort of arrangement with Fuewrlus infelir.
Neither Silvestri nor Thorpe aseribed any sienificanee to their findings,

The position of the spiracles in three selected species is unigue and offers
strong evidenee in support of the respiratory funetion of the band. The larvae
of Anagyrus putonophilus and Aenasins maplei have the spiracles at the
end of the eggz opposite the stalk; in fact almost at the posterior apex (figs. 6
and 1, respectively). The Erythaphycus argyrocomus larva places its four
spiracles parallel to the length of the band (fiz. 39) and not crosswise as
is the usual position,

In all the specimens examined the situation of the spiracles appears so
remote from the stalk that it would appear impossible for them to secure air
from its lumen,

COURSE OF STAINED OILS

By immersing the entire host in “a thin vegetable oil” which had been strongly
stained with a dye “such as Sudan 111,” Thorpe endeavored to demonstrate
that the first instar larva of Enecyrius infeliz was enabled to utilize atmos-
pherie air by means of the stalk. He states that the eolored oil speedily entered
the ez stalk and invaded the tracheal system of the larva. 1 sought to dupli-
cate this experiment and encountered diffienlty in securing an oil that not
only would penetrate rapidly but also could be stained dark enonugh to be
detected easily in the minute struetures, Sundry veretable oils failed to pene-
trate and it was evident that a much lighter oil was necessary., Clove oil or a
90 :50 combination of xylene and kerosene was finally selected. Neither xylene
nor kerosene was suitable by itself. Xvlene would not penetrate in less than
four minutes and distorted the material by dissolving the fats. Kerosene
could not be stained dark enough. The stain selected was Oil Red O (Sudan
IT), which eolored the oils darker than either Sudan 111 or TV,
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This method was used with three species, namely Oocncyrtius johnsoni,
Eneyrtus infeliz, and Anagyrus putonoplilus. The procedure was to immerse
the parasitized host from one to five minntes. After immersion the oil was
sponged from the surface and the host disseeted in normal salt solution. If
any oil was observable within a host, that host was disearded; but if none had
penetrated, the eges or larvae were carefully removed intact and observed
unmounted, Those in which any stain was observable were then mounted in
normal salt solution of glyeerine. If the neck and the bulb of the egg were
damaged, the specimen was likewise discarded since there was no certainty
that the stalk had not been broken prior to or during the immersion and
consequently had permitted the oil to enter the lumen of the stalk.

With Oeneyrtus the brilliant red color was visible within the plate. The
band on the ege proper was penetrated to the very end. Owing to the melaniza-
tion of the band on the petiole, no color was observable there; nor was oil
found in the bulb, the lumen of the stalk, or the egg. During one-minute im-
mersions only the eells on the outer margins of the plate on the egg proper
were filled. After a longer period the oil entered the center section and the
stain in that area was darker. The larval tracheal system also was invaded,
for a pink color was seen within the trunks and commissures. In some speci-
mens the silvery appearance remained in the band and the tracheal system
even though other specimens within the same individual host had been thor-
oughly penetrated. For this there seems no plausible explanation.

Qimilar results were obtained with the other species. In Eneyrius no oil
entered the bulb. Whether any had entered the lumen of the stalk was not
ascertainable beeause of the abbreviated neck, the slight mel anization of that
portion within the host, and the minuteness of the band. It was obvious, how-
ever. that no oil had penetrated beyond the plug except within the plate and
thenee into the tracheal system of the larva. In Anagyrus the color was seen
in the band but not in the tracheae. However, sinee light was no longer re-
fracted by the tracheae, there was no doubt that the oil had entered.

The experiment was performed with Anagiyrus larvae free of the host. The
larva was placed in a thin film of normal salt solution, a cover olass was sup-
ported over the larva by bits of modeling clay, and the cover slip was gently
slid and the larva so placed that its entire body and the lower part of the ez
shell remained in the solution while the stalk projected free. A minute drop
of the stained oil was then placed at the tip of the stalk. The result was the
almost immediate elimination of air in all the structures of the ege and larva,
Color conld be discerned in the band and the posterior section of the tracheal
trunks. If any oil had entered the stalk its presence in the lnmen would have
heen obvious.

These results are directly opposed to those obtained by Thorpe.

Meaxs WHEREBY ATMOSPHERIC Atz May ExTer AxD LEAVE THE BAND

The one factor all theories have had in eommon is that the hollow stalk served
to eonvey air. Most investizators have maintained that the apex of the stalk
was open or became open. It has been shown that with most species the neck is
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capped by the collapsed bulb and that air cannot, normally at least, freely
enter the lumen of the stalk, Bven if the chorion at the anterior end were
not intact or entrance was gained by osmosis, air could easily be detected. At
no time have 1 observed air within the eoe stalk.

All workers, with the exception of Silvestri, have failed to observe the
complex structure of the eggshell, which offers a very important elue to an-
other means whereby atmospheric air could be conveyed ; careful observations
of the deposited egg might have shown that air was contained within this
structure. Obvionsly Silvestri (1919) was remarkably close to a more ade-
quate explanation, but his interpretation of funetion is unduly complicated
and incomplete. Silvestri's theory is essentially that air passed by osmosis to
the eavity of the petiole, and the petiole funetioned in the manner of a trachea.
In my opinion, Silvestri did not realize the role of the shell structure, Al-
though the spiracles of the first instar larvae of two species were said to
adhere to the dorsal part of the eggshell, in only one species were the spiracles
illustrated as adherent to the plate. If the plate had been considered to be of
respiratory significance, the tracheae of all four metapneustie larva wonld
undoubtedly have been drawn or at least explained, as leading to the plates.

Considering the observations and experimental evidenee, I believe there is
little reason to doubt that the band or plate on the egg provides these larvae
with the means to respire atmospherie air. It may well be asked, “Iow does
air get into the plate?” While it is in the ovaries, the exe does not have a
silvery sheen in the banded areas; but immediately after its deposition the
sheen is nusnally prominent. If the assumption is correct that this sheen is
due to air, the air must have entered at the moment of deposition. On the
basis of the information at hand, it is possible to make a few suppositions. In
passing down the ovipositor the ecos are greatly compressed. The internal
structure of the plate is in the nature of a sponge which is emptied of any
fluids by this compression. As the ege is deposited, the “sponge” swells heeanse
of the elasticity of the cells. The surface of the plate is impervious to the
fluids of the host and therefore a vacuum exists, When the end of the stallk
leaves the ovipesitor, air rushes in and disperses throughont the strueture.
This would imply that the eells are open to the atmosphere at the extreme
end of the stalk only. It has been pointed out above that there is a sugzestion
of an opening at this point, but this could not be confirmed by sectioning. I
am forced to assume that the strueture of the anteriormost portion is such as
to permit the entranee of air at that point only. Osmosis may operate as
Silvestri suggested, but certainly it does not carry air into the lnmen of stalk
as Silvestri apparently believed.

The manner in which air is withdrawn from the aeroseopic plate is also
obscure. No openings appear through which air eonld be directly removed,
In later instars, some spiracles bore finger-like projeetions. Tt is possible that
these are glands the seeretion from which dissolves away the cell walls per-
mitting the attachment of the spiracles, and thus providing a direet passage
for air. No such processes eonld be found on the spiracles of first instar larvae.
I am inclined to believe that air passes solely by osmosis,
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Before any definite theory may be advanced concerning the physical phe-
nomena involved in the ingress and mode of exit of atmospherie air, the
morphology of the aeroscopic plate obviously must be better understood.

NEED OF ATMoSrHERIC RESPIRATION

The need for atmospherie air has not yet been eonclusively demonstrated. If,
however, the free flow of air into the stalk were prevented and the parasite
died, it should indicate that atmospherie air was necessary for the develop-
ment of the ezr or larva.

To test this hypothesis, nearly mature black scale (Satssetia oleae) whieh
had been exposed for two days to the females of Microlerys saissctiae were
selected for two simultaneous experiments, In one, twenty stalks were eov-
ered with Vaseline and ten were left undisturbed ; in the other, melted paraffin
was dropped on twelve stalks and four were retained as checks. In each host
there was a maximum of three receiving the treatments and at least one check.
At experimental temperatures ranging between 75° and 80° I, eclosion
oceurred in two days, and dissections were made after four days. The vaselined
eges either failed to hateh or the young larvae died; some unhatehed eges
contained little or no air in the band. From the nneovered stalks, normal
fourth instar larvae were suspended. The results of the second experiment
were identical except that air remained within the bands,

Two outstanding faults in the experiments are recognized. First, the
methods alone may have killed the developing parasite; some fluid constitn-
ent of Vaseline may have penetrated and killed the egg, thus explaining the
absence of air, or the temperature of the paraffin may have been damaging.
Second, few data were obtained. Nevertheless, the results indicate that
atmospherie air is indueted by way of the stalk and is necessary for the
development of the ege and larva of Microferys saissetiae.

The variability of the oxygen requirements among encyrtid larvae is
scareely open to question because of the struetural variability exhibited by
the tracheal system.

| The faet, as stated above, that the development of embryos in ezgs attached
to the host’s intezument is move rapid than with embryos in eges unattachedd
to the host's intesument suggests that the rate of development is influenced by
additional oxyzen obtained throngh the respiratory band. S.E.F. |

The larva of Coceidorenus niloticus has tubes of large diameter compared
with other species, such as Anicetus annulatus. Among the apneustie larvae
there are those in whieh only a portion of the tracheae appear before eclosion
as opposed to those in which complete loop is visible. Tetracnemuns pretiosus
and Anarhopus sydneyensis are said to have “rudimentary”™ tracheae late in
the first period. Then there are primary larvae in which no tracheae can
be seen at all.

Metapneustie larvae are in a position to obtain oxygen by the same means
as those without spiracles or those lacking tracheae. Osmosis may operate but
perhaps not to the same degree, depending upon the eharacter of the parasite
intecument. The fragility of larvae is noticeably variable, As a rule apneunstie
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larvae are easily damaged and must be carefully handled. The metapneustic
larvae of most species can stand rough treatment. Since those with weaker
integument may obtain oxveen more easily by osmosis than those that are
sturdier, the amount of oxyeen taken in by way of the stalk may be in inverse
proportion to that obtained by osmosis,

Respivatory needs may be temporarily fulfilled by the host., In dissection
of ecos of the :-11||'|1'|H|| bug, Anasa tristis, several stalks of the porirs o Clacpeyrtug
californicus were noted to have broken off. Instead of there being one parasite
egr present, as indicated by the projeeting stalk, there were two or three (i,
58). Very rarelv, a stalk becare detached so that the larva was Hoatine within
the host. It is certain that the attachment had not heen broken during dissee-
tion, for the larva appeared to be perfectly normal. Sufficient OXV e Was No
doubt obtained without direct connection with the outside air, Whether this
larva would mature or not is a matter of conjecture, for the requirements
may be greater in later instars,

This need is also indicated by the fact that the tracheal svstem of the mature
embryo may contain oxygen obtained by osmosis. It was observed repeatedly
with embryos possessing spiracles that all or nearly all tracheae, including the
fine branches, were discernible without the spiracles’ beine near the ACTOSCOPIe
plate. Often the spiracles were at the farthest possible point from the plate,

The band itself could conceivably function as an osmotic surface. A con-
siderable area is exposed to the host's contents and osmosis may oceur througeh
that portion of the shell as well as throngh the parasite intezument, and per-
haps with greater ease,

Atmospherie air is carried within the egoshell, which is structurally modi-
fied to convey it. The lumen of the stalk cannot coneeivably play this role and
furthermore does not function in this manuner, as heretofore supposed. All
larvae with open tracheal systems hateh from eees with air-bearing areas on
the shells and place their spiracles against these areas. Although they have
the means to breathe air which is outside of the host. many if not most species
may be independent of atmospheric air in the early instars.”

DESCRIPTION OF EGGS AND FIRST INSTAR LARVAE
OF CERTAIN ENCYRTIDS

The following pages diseuss the eges and first instar larvae of all eneyrtids,
with the exception of the polyembryonic species, which 1 have observed or
which are described in published or unpublished papers, I have drawn freely
upon the literature, In many papers, authors’ statements or ficures indicate
that observations were incomplete or inaceurate, The sigmificance of some
findings was, in my opinion, overlooked,

Deseriptions arve largely confined to the eze and the larval respiratory strue-
1ures, ."-I}' other observations, thaonel |:-ur'||::p:~'. of hiological interest, are inei-

" [ After Maple had completed his studies on the Eneyrtidae, DeBach (1929) demonstrated
the existenee of an cneyrtid which iz not endoparasitie. This unique species, Mieroterys
titiani Gir,, deposits from 1 to 10 eges hewviath its host, Lecanivm rorni Bonehé, The stalk
of & deposited egg eomprizes aliout one-half the cgg in length, The first instar larva is
IJ_';:m-mr]ﬂ criform amd Possesgses a [u-ri]l:nvlle-ﬂ e trmebesl system, 5,151, |
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dental to the problem. Adequate references to the published records are pro-
vided throughout, should further information be desired.

The drawings are largely mine, Originals by Harold Compere and D. W.
Claney were kindly lent to me. Some were copied from other publieations,
if other anthors’ observations eould thereby be better demonstrated. The
sketches of larvae are diagrammatic, Needless detail is left out and only half
of the tracheal system is shown in the lateral views, thus confusion should be
eliminated without causing undue simplification,

The dimensions given are measurements of single eggs; where an egg is
illustrated, its dimension is ziven.

The arrangement is alphabetical, according to genus.

Acerophagus fasciipennis Timb.

Only the ovarian egz of the parasite was examined, and it was extremely
simple (fig. 62, B). The entire egg is flexible and in no two mounted speeimens
was the shape the same. In all specimens the neck and bulb were twisted and
partly eollapsed. The neck is long, narvow, and undifferentiated from the
bulb. The length of the two measured was 0.112 mm., and the widest portion
was at the distal end. The ege proper measured 0.06 mm. by 0.03 mm. It was
widest at the proximal end. In outline it was more nearly angular than
rounded. There was no band.

The ege is probably deposited entirely within the host and the newly
hatehed larva would donbtless not possess a metapneustic tracheal system.

Acerophagus notativentris (Gir.)

The eze of this species was deseribed by Clausen (1924) and appears to be
quite similar to that of the preceding species. Eges that I observed had the
outline shape of a teaspoon, the neck and bulb being the handle. The measuve-
ments of a typical egg were: length of bulb and neck, 0.128 mm.; widest
portion of bulb, 0.017 mm.; length of egg, 0.07 mm.; width of ece, 0,034 mm.

According to Clausen, during the process of oviposition the contents of the
smaller body are foreed into the egg proper, though the collapsed membrane
remains attached; the ege lies free within the host. He did not indicate the
tvpe of larval respiratory system. The ezg provides no means for securing
atmospherie air should the larva possess spiracles,

Acerophagus pallidus Timb.

An extensive study of the parasite was not made although this species is fre-
quently obtained from native mealybugs in southern California, as well as
from the introduced species, Phenacoccus gossypii Twns, and Ckil.

The ovarian ege (fiz, 62, 4) has no distinetive features and differs in no
essential structural detail from the other species of Aeerophagus diseussed.
The neck is short and undifferentiated from the bulb, whieh is long and nar-
row compared to the remainder of the egg. The measurements were : length of
bulb, 0.188 mm. ; maximum width of bulb, 0.034 mm.; length of ege, 0.086
mm. ; width of egg, 0.06 mm,
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The deposited ege and the larva were not examined ; nevertheless, there is
little doubt that the ege is laid entively within the host and that the newly

hatehed larva is without spiracles.

Aelrysapophagus modestus Timb.

The I.".‘ii'[*".' stagres of this Hq':'nru[;n‘}' E1:|1'.'i,-.i1|1_ when rearcd on ,.:'fu,i"fmpr:hf.ﬂ
corvinus (Giranlt) and Awagyrus subalbicornis (Giranlt), appear to be sim-

ilar to those of Chrysopophagus and Cheilonewrus. Clansen (1924) found that

Fig. 1. denasivs maplei Comp. A, deposited egg, lateral aspeet; B, newly hatched larva.
The pair of spiracles are centered in the air bubble (ab).

the egg floated free within the host’s body, the collapsed bulb remaining at-
tached. The larva was noted to be of the tailed type. Although Clausen does
not say so, it would necessarily follow that the tracheal system is apneustie.

Aenasins maplet Comp.

An extensive search was condueted for sufficient material with which to study
the development of this speeies. Although its mealybug host, Puto yueeae
Coq., is abundant, the parasite is exceedingly rare. The following information
was secured with the use of a sinele female,

Depasited egg.—The egg is of the banded type and is therefore attached to
the integument of the mealybug. The anterior end of the neck is eurved and
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2,05 mm.
——y

Fig. 2. Anagyras putonophilus Comp. A, ovarian egg, lateral
view; B, neck and egg proper, dorsal view.

this portion, together with the collapsed bulb, projects to the host's exterior.
The band on the eze body is wide and long. It is widest near the stalk end and
somewhat pointed at the apex. The center longitudinal section is composed of
somewhat lareer cells than the marginal areas. The band becomes melanized
to a light brown prior to eclosion. Figure 1, A, shows a deposited egg with
host tissue removed.

Larva—The larva (fie. 1. B) is remarkably similar to that of Anagyrus
putonophilus parasitizing the same host. The eompletely developed embryo
does not reverse its position prior to eclosion but hatehes with the head toward
the stallk. The single pair of spiracles is placed at the other extreme. In the
one specimen studied the spiracles were neither attached to the band nor in
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opposition to it, but were placed in the eenter of an air bubble at the bottom
of the egeshell. Tt is highly probable that the larva was dislodged Trom its
normal position by disseetion. In later instars the spiracles ave situated mid-

way of the bamd.
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Fig. & dAnagyras putonophilis Comp, oA, distal end of the neck
of the epe, dorsal view ; 2, lateral view,

The stalk is not plugged in the manner seen in Awagyras pufonophilios, but
asmaller, solid, and opague plug forms by the time the second instar is reached.
Melanized host material acenmulates around the stalk immediately below the
intecument.

Anagyrus pufonophilus Comp.
This eneyrtid is the most abundant parasite of the mealybugs Pufo yuecae
Cog. and I, ambigua in southern California. The latter host has overlapping
renerations thronghont the vear and it was from this host that material was
obtained for study at various times over a period of two vears.

Ovarian egg.—The ovarian egg (fiz, 2) of
this Aunagyrus is of the banded type. The bulb
is long and narvow and possesses a slight thick-

B
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0

Fig. 4. Anagyrus pulonophilus
Camp. o, seetionz neross the an-

A
ening at the apex. The neek is short, and near M
the bulb end it is appreciably swollen. At this ﬂ
point the band appears, nearly cirenmseribing
the neck. At the base of the swelling the band
narrvows to continue down the neck. Detailed
views of the distal end of the neck are shown
in ficure 3.

Near the egg proper the neck exhibits a slight
projecting lip which is a further modifieation
of the eggshell and not a part of the band. As

(]
et
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i true of the other somewhat similar structures,
no funetion has been assiened to this “collar.”
The band on the ege body is moderately large

terior of the stalk; 4, B, and ©
in sequenee in the area of large
eclls; D, posterior s¢etion, semi-
dingrammatie,
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and extends nearly to the apex of the egg, The margins are neither straicht
nor parallel, The measurements were : length of bulb, 0,21 mm. ; width of bulb,
0,056 mun. ; length of neeck, 0.094 mm.; width of neck, 0.017 mm. ; lencth of

egz, 0.15 mm. ; width of egg, 0.09 mm.; length of band, 0.133 mm. : width
of band, 0.034 mm.

Fig, 5. Anagiyris petonophilis Comp. A, newly deposited egg after eompression, showing
the reinflation of the bully; B, deposited egg containing fully developed embirvo,

Deposited eqg.—The ege is attached to the integument of the mealybug as
shown in fizure 5, B. The portion exterior remains erect, When a newly de-
posited freshly dissected egg was compressed, the bulb was found to be intact
and eould be partly reinflated (fie. 5, A4). Complete expansion to the original
zize could not be obtained. A few hours after deposition a close-fitting plug
forms within the neck, and the contents of the egg body cannot be foreed back
into the collapsed bulb. This plug becomes opaque, black, and solid before the
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hatehing of the larva takes place. The embryo develops with the head at the
stalk end of the ere and hatehes From that position.

Larva.—The larva (fiz. 6) has a well-developed metapneustie tracheal sys-
tem, There is a single pair of spiracles which ave nearly contiguous, approxi-
mately 0.0043 mm. apart; they are attached at the posterior extremity of the
band and remain in that position throughout the early larval hfe.

Anagyrus subalbicornis (Gir.)

Clausen (1924) has stated that the ege of this mealybug parasite differs in
no essential respeet from that of Zarhopalus corvinus, I noted, however, that

Fig. 6. Anagyrus putonophilus Comp. First instar larva. The spiracles
are placed at the base of the aeroscopie plate (ap).

the ece of Anagyrus remains attached to the derm of the host, and the caudal
end of the larva remains attached to the stalk up to the last larval stage. The
ecr of Zarhopalus, on the contrary, lay free within the host and no part of the
larva remained within the eggshell.

Sinee the ege is attached to the integument and the larva remains partly
enveloped by the eggshell up to the last stage, it may be readily assumed that
the egyr is banded and the larval tracheal system is metapneustie,

Anarhopus sydneyensis Timb.,

Compere and Flanders (1934) found the eges and larvae to be similar to
those of Tetracnemus pretiosus (fig. 67) ; they found the deposited ege to be
free in the body fluid of the host mealybug, but suggested that the usual posi-
tion may be one of attachment to the integument, The minuteness of the ecos
made it difficult to determine this point.

For the purposes of this diseussion, the larva of Anarhopus is assumed to
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be identical to Tetracucmus, i.e., in the first part of the stadia the larva is
atracheate but later on it possesses rudimentary tracheae in the thoracie
Lo,
Anieelus annulatus Timb.

Only a limited supply of material of this primary parasite of Coceus hesper-
iedum Linn, was available. The ege has a neck shightly longer than the egg
proper, which is narrowly elliptical and has a band no wider af any point
than the neck. Compere (1924) in describing the ece omitted any reference
to a band, but in his drawing of the deposited eoo (fie. 7) there is a sigoestion
of a band.

o

Fig. 7. Anicetus annulatusz Timb, Upper, newly laid egg with tip of stalk projecting
through the integument of the host. Note the bandlike appearance. Lower, egg before
pviposition. ( Drawing hy Compere, 1924.)

The measurements of one ere which [ observed were : length of bulb, 0.141
mm. ; width of bulb, 0.056 mm.; length of neck, approximately 0.227 mm.;
length of ege, 0,184 mm. ; width of eze, 0.073 mm.

Compere noted that the deposited ege was suspended by the long stalk
from the integument of the host, and surmised that the stalk was probably
utilized in respiration of the larva but did not deserbe the tracheal system.
My observations were only slightly more adequate. The neck of the deposited
ege1s so long that 1t doubles back upon itself. The bulb remains intaet though
collapsed. The larva develops with the head at the anterior end of the ege
and reverses before eclosion, so that the single pair of spiracles lies almost
at the very base of the stalk. The tracheae are comparatively minute but the
system 1s complete. _

Anisatylus sp.
Only the ovarian ege of this ecoecinellid parasite was examined, A description
15 incorporated here as none of the immature stages of any representative of
the genus has been reported.

The ovarian exe (fir. 8, A) is exeeedingly large in comparison with most
enceyrtid eges, The bulb is not as long as the ege proper and the neck is shorter
than either body. The ege proper is elliptieal in shape, without any modifica-
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Maple:
tion of the chorion. The measurements were : length of bulb, 0.218 mm.; width

of bulb, 0.077 mm. ; length of neck, 0,103 mm., approximately ; w wlth of necl,
0.013 mm. : length of eoe, 0265 mm. ; width of eoe, 0141 mm.
Aplideneyrins aphidivorus ( Mayr )

Silvestri (1905) reported this HEH"[‘EI':-‘, a8 i .‘-Ll"l'll'l]ii-'ll':l.' F!rJ]‘:I:-ii:H" on Aphidins
brassicae Marsh., a braconid aphid parasite, and as a tertiary parasite on

Q28 mem

O S e

Fig. 8 A, Awizol ylus sp., ovarian egg. B, Quaylea whittieri (Gir.),
ovarian egg, the neck partly collapsed.

Allotria vittriz Westw. var. infusciate Kief,, a eynipid, and he diseussed the
various stages of development. Griswold (1929) examined the biology of
Aphideneyrtus inguisitor Girault, now synonymons with A, ephidivorus, and

recorded the host Aphelinus jucundus Gahan.
Ovarian eqgg.—Aceording to deseription, the egz is similar to that of Acer-

aphagus species desceribed, without distinetive featnres.
Deposited egg.—The egg is said to be deposited intact within the host,
though the bulb is practically eollapsed. The various positions or directions

assumed by the “pedicel” and reported by Griswold are of no CONSEIence,
“eurved position with the cephalic

Griswold noted that larva assumed a
and caudal ends folded back toward the middle part of the body.”
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Pig. 9, A poanagyrus sp, A, ovarian egg, lateral view ; B, newly deposited egg;

C, dorsal view of first instar larva; I, lateral aspeet of game.
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Larva.—The first instar larva has been deseribed as candate and somewhat
erescentie in shape. Although neither Silvestri nor Griswold mentioned the
tracheal system, it is apparent from the type of egr and larva that spiracles
must be lacking.

A poanagyrus sp.
Only one female was seeured from a native species of mealybug in one locality,
and the number of observations was consequently limited.

Ovarian egig.—The structure of the ovarian exg (fie. 9, A) is very simple,
The neck has a “collar”™ midway between the bulb and the egg body. The egr
proper is only shightly convex on the dorsal side; henee similar to banded
eros, The measurements were s width of bulb, 0.034 mm. ; lengih of bulb and
neck to collar, 0.192 mm.; length of neck from eollar to ege, 0021 mm.;
length of ege, 0.167 mm. ; wilth of ege, 0.04 mm.

Deposited eqg.—The ege (fie. 9, B) may be found attached to the integu-
ment which surrounds the neck at the collar and lies almost parallel to the
surface. The neck becomes eonstrieted immediately below the intesument and,
if insufficient care is taken with dissections, the main body of the egg is severed
from the connection at this point, The remainder of the neck and the bulb
extend to the exterior and remain somewhat erect. Foreed reinflation of the
bulb was prevented by a wad of membranous material at the aperture of the
neck.

Larva.~The larva (fig. 9, €, D) lies free within the body cavity of the host.
Though the abdomen comes to a narrow point, none of the seements is attenu-
ated to form a “tail.” Laterally the body is erescentie in shape. The tracheal
syvstem is apneustie. The anterior commissure extends in a narrow loop over
the foregut; the posterior commissure loops broadly toward the anterior
end of the larva. No secondary tracheae conld be diseerned other than eephalie
branches. .

Apoanagyrus californicus Comp.
sinee this eneyrtid attacks many speecies of native mealybugs in southern
California, abundant material could be obtained—a distinet advantage, inas-
much as the parasite was a diffienlt one with which to work.

Ovarian egg.—This species possesses a much smaller ege (fie. 11, 4) than
the species of Anagyrus under investigation. The bulb is quite narrow and
the neck is short. The distinguishing feature is the presence of a eollar (k).
It appears to be a thickening of the chorion which surrounds one half of the
neck, Its projecting edee is bidentate, The posterior margin is not sharply
demareated but gradually merges into the remainder of the neck. There is no
inidication of eells. The strueture very readily acquires the eolor of acid fuehsin
in lactophenol. The ege proper is slichtly more convex on the ventral side than
on the dorsum. The measurements were : length of bulb to eollar, 0.128 mm.;
maximum width of bulb, 0,017 mm. ; length of neck, 0.043 mm. ; length of eco,
0,133 mm. : width of eee, 0,064 mm,

Deposited eqg—TIf the entive host is immersed in the acid fuehsin solution
for a few minutes, the protruding neck and eollapsed bulb of a newly deposited
e can be readily observed, After several hours the egr is more difficult to
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Fig. 10. Apoanagyrus californicus Comp. 4, dorsal aspeet of deposited egg containing
fully developed embryo; B, lateral aspeet of the same; €, dorsal view of the newly hatehed
larva; D, lateral aspeet of the first instar larva.,
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locate by this method as the exterior portion collapses entively. Even when the
eeos are found and the host is eavefully disseeted around this point, only rarely
is an ege found attached to the integument. The egg proper may somelimes

become separated from the neek at oviposition.

c

GO mm
2,05 =,

Fig. 11. A, Apoanagyrius ealifornicus Comp., ovarian egg, lateral view; B, dorsal view of
neck of ovarian egg; €, Leptomastidea abnormis (Gir.), lateral view of ovarian egg; I,
dorsal view of portion of neck of ovarian egg.

Before the embryo is fully developed the egg has become detached from the
stalk and floats free when the host is dissected. The embryo develops with the
anterior end toward the stump of the broken stalk (fiz. 10, A, B). Eclosion was
not observed.

Larva.—The newly hateched larva (fig. 10, ¢, D} is wedge-shaped and widest
in the thoracie resion. The posterior end tapers to a short, hooked tail. No
spiracles conld be discerned and they probably do not exist because of the lack
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of any band on the egg and the failure of the larva to remain posteriorly en-
closed by the shell after hatehing. Lateral tracheal trunks and a portion of the
anterior commissure appear but the remainder is not visible. Not many hours
after eclosion the larva becomes much elongated and the tracheal system is
not apparent. The failure to find tracheae may be aseribed to inadequate
technique or to the possibility that the struetures ceased to function in the
usual manner,

Fig. 12. Bacoanusia oleae (Silv.). Newly laid egg and the second instar larvae.
From the original drawing by H. Compere, (Compere, 1831a.)

In the last embryonic stages only a portion of the tracheae is observable.
From the small number of suceessful dissections, it appeared that only three-
fourths of the tracheal trunks and a portion of the posterior commissure
assume the silvery sheen.

Baeoanusia minor {Silv.)

Compere (1931) briefly investigated this species but was not able to supply
detailed information, The exe and larva are probably similar to those of Bae-

oanusia oleae. : )
Bacoanusia oleae (Silv.)

It is apparent from the brief deseription of the developmental stages of this
parasite by Compere (1931) that the eze and larva differ in no major respect
from other secondary parasites of seale inseets. The deposited ege has a long
stalls, and in his illustration (see fiz. 12), the bulb remains attached thongh
collapsed. The eggs are deposited free within the host, but Compere noted that
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ternal organs to float out when the host was dissected.

The first-staze larva is not deseribed, From the drawing of the seeond staoe
(see fig. 12) it is reasonable to assume that the first instar larva is of similar

structure and consequently devoid of spiracles.

Blastothrire langipennis How,

This species is a common enemy of many kinds of
lecanine seales in southern California, Although
quantities of adults emerged from hosts which had
been obtained from widely separated localities,
none contained ovarian eges, A series of females
was retained in the laboratory during 19356 and
dissected at intervals, On June 15, Aoeast 25, and
December 26 no imdication of developing ovaries
was apparent. Similar results were obtained with
females found feeding on aphid honeydew in
October of that vear. Some were dissected at the
time of collection and others on December 26 2 dare-
ing the interval they were fed weekly on honey
and were refrigerated. None contained eggs, For-
tunately, however, one female colleeted in the
early summer of 1936 from an infestation of Le-
cantwm cornt had mature ovaries,

The deposited eggs and the larval stages were
observed in field-colleeted seale, The only evidenee
that the stages found in the seale and the ovarian
eggs from the single female were the same species
is the apparent identity in the ege structure, Al-
though such evidenee is cirenmstantial, T believe
it to be reliable,

Ovarian egg.—This stage is illustrated in fisure
13. The measurements were: length of bulb, 0.1
mm.; width of bulb, 0.047 mm. ; length of neck,
0.06 mm.; width of neck, 0,013 mm.: lengih of
ere, 0,175 mm. ; width of ege, 0.107 mm. : length
of band on ege, 0,06 mm. ; width of band on eor,
0,039 mm. The tip of the bulb is very slizhtlv thick- .05 mrm.
ened. The neck is of uniform width, The band o e
covers half of the dorsal side for most of the length I;:‘fr'”:-f'l I'tﬂ:'":,:;:f:l’:flf':;f”'
but widens slightly toward the bulb end. The eells 3

are uniform in size. On the egg body the band differs from those of most other

eges in its nearly cireular outline, The cells of the center section are noticeably
larger than those of the marginal areas. In the lateral aspect the thickening
presented by the band is just visible,
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Depaostied egg—As was noted above, deposited eges were secured only from
field-collected material. Three species of host were disseeted, and because the
ezas found were smilar to the ovarian eggs obtained from the single female,
and since females of the same species emerged from these seales, it is assumed
that they represent single eneyrtid species.

The eges are laid in medium-sized to small hosts and are inserted dorso-
laterally, usually at the posterior end of the seale. In many eggs, especially

A B

o 05 mm
—_— e

Fig. 14. Blaslothriz longipenniz How, A, larva immediately prior to eclosion,
dorsal aspect; B, newly hatehed larva in lateral aspect.

those near the margin of the seale, the silvery band is elearly visible through
the integument. The collapsed bulb remains attached to the neck protruding
from the host.

One deposited ege was found which clearly showed the embryo to develop
with a head at the stalk end of the ege. A later stage of development is shown
in fizure 14, A. The embryo has reversed itself, though eclosion has not oe-
eurred. The tracheal system is full of air.

Larva.—After eclosion, the shell, exeept for the band, lies wrinkled over the
posteriormost segments of the larva (fig. 14, B). The band holds the remains
erect. There are two nearly eontiguous spiracles attached to the upper central
area of the band on the egg proper. Lateral branches of the tracheae are well

4 d.
develope Blastothriz sericea (Dalm.)

Imms (1918) and Silvestri (1919) have given creditable accounts of this scale
parasite. Imm’s work is notable in that it contains the first deseription of a
metapneustie tracheal system in Iymenoptera.
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The intricate strueture of the ege was deseribed in detail by Silvestri, Tmms
eives no account of the ovarian egz nor does he mention any structures which
may be compared with those in Silvestri’s report, aceording to which the eex

Fig. 15. Left, Encyrtus infidus (Rossi) ovarian egg. Right. Blastothrir sericea (Dalm.)
ovarian egg, { Redrawn from Silvestri, 1919,)

has a prominent aeroscopic plate which extends nearly to the apex of the ece
proper. The ovarian ere redrawn from Silvestri, is shown in fisure 15, richt.

Imms and Silvestri agree that the respiratory system is metapnenstie,
Figure 16, right (also from Silvestri), gives a diagrammatic presentation of
the first instar larva,
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Bothriothorax nigripes How.

This is the only species obtained which is known to attack Diptera; it is sup-
posedly eommon on syrphid flies in California. Host material was too inade-
quate to permit definite eonclusions to be reached concerning the deposited
ege and larva. :

The ovarian ege (fig, 17) is singularly marked for the length of the neck
with a fine line apparently having no cellular structure. There is indication
that the line extends some distance on the egg proper.

Fig. 16. Left, Phaenodiscus acneus {Dalm.), posterior portion of the larval body enclosed
in the remains of the eggshell, The tracheae lead directly to the acroscopic plate. Right,
Blastothriz serieca (Dalm.), newly hatehed larva suspended from the integument of the
host seale, (Redrawn from Silvestri, 1919.)

The developmental stages may be quite similar to that deseribed for Ee-

trama sp.

Carabunia myerst Watrst.
Myers (1930), in discussing this parasite of Clastoptera nymphs, omits any
deseription of the ovarian egg.

The deposited egg “was found floating loose among the abdominal organs,
but may have become detached during dissection.” It has a short pedicel which
is about half as long as the ego. The chorion is thin, with no evident senlptur-
ing.

The body of the newly hatehed larva is erescentic and tapers sharply to a
long tail, which is usually elasped by the remains of the eggshell. The tracheal
system is apneustie,
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Cerapterocerus moarabilis Weslw,

The only investigation of this hyperparasitic species
was made by Silvestri (1919) and adequate deserip-
tions were wiven,

The ovarian ez has a thin nonbanded chorion, The
newly deposited eze lies free in the body cavity of the
primary host. As development proceeds, the anterior
part and the neck remain attached as a membranons
appendage to the main egg body.

The first instar larva (fig. 18) has an elongate body
with the abdominal segments prolonged into a sharp
tail, The tracheal system is apnenstic but well de-
veloped, ) ——

{'hedonenwrns tmnvtens Comp,

The early stages of this hyperparasite of seales have
been disenssed by Compere (1925). The ovarian ege
lacks distingnishing features. In that stage 1 found
its bulb to be long and narrow, slightly wider than
the neck and undifferentiated from it. The ege proper
is widest at the anterior end and tapers toward the
apex. Measurements were: length of bulb and neck,
0.225 mm. ; length of eeg, 0.18 mm. ; width of ego,
0.073 mm.

According to Compere the ege is deposited free
within the body of the primary hymenopteron para-
site. A pedicel remains attached to the ege and be-
comes inereasingly inconspicuons as the ece increases
1 size with the growth of the embryo.

The larva is of the tailed type. Aecording to Com-
pere’s drawing (fig, 19) the tail represents an attenu-
ation of the 14th visible body segment and is half as
lomg as the remainder of the larva, No information
is supplied concerning the tracheal system, which is
probably apneustic,

Cheilanewrus norins Comp.

This species is <imilar in its habits and bioloby to the
aforementioned species and has been disenssed in
an article by Le Pelley (1937). The ovarian egg has

.08 mm.
p— 1

IMig. 17. Bathriothorox
nigripes  How, Ovarian
egg, The “line” on the
stalk has no cells,

a moderately long neck and the bulb is slightly greater in width, The deposited
ege lies free in the body of the host and the collapsed bulb is still attached.
U'pon eclosion the larva frees itself completely from the ez shell. The larva
15 of the tailed type common to many apneustic encyrtid larvae. Le Pelley
does not mention the tracheal system nor does it appear in the illustrations.

By analogy the svstem is apnenstic,
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Chrysopophagus compressicornis Ashm.

The only investigation on the biology of any species of Chrysopophagus was
made by Claney (unpublished manuseript). Crysopophagus compressicornis
18 a hyperparasite of Chrysopa californica Coq. and Chrysepa majuscula
Banks.

b
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Fig. 18. Ceraplerocerus mirabilis { Westw,), Newly hatelhed larva.
{ Redrawn from Silvestri, 1919.)

Fig. 19. Cheiloncurus inimicus Comp. 4, ovarian egg; B, newly deposited egg; C, egg in
process of growth; I, ege just after hatehing, showing larva within; E, first stage larva;
F, partly grown larva with moult skin adhering. From the original drawing by H. Compere.
(Compere, 1825, )

The ovarian egg is of the simple double-bodied type. The deposited egg is
only slizhtly different. The bulb is attenunated but intact and together with
the neck shrivels as the egg inereases in size. The stalk may be anchored occa-
sionally to tissues or fat body but never to the host’s integument.

The deposited egg increases to five times the original size. The larva de-
velops with the head at the anterior end and hatches from that position. All
but the head and tail is surrounded by a trophamnion, the chorion apparently

disappearing.
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The larva is of the tailed type and usually somewhat ereseentie in shape.

The tracheal svstem is apneustic,

Clansenin sp.

This unidentified species from an unknown host was among
the adults that emerged at the University of California
Citrus Experiment Station from scale material colleeted
by Harvold Compere in South Afriea. [t was not propagated
or released. Sinee the early stages of species of the genus
have not heretofore been deseribed, a deseription of the
ere of this unknown species is given,

The ovarian egg (fiz. 20) is nearly identical with the
eres of Apoanagyrus spp. The only possible suggestion of
a band is a collar on the neck. In all other respects the egg
structure is simple. The egg measured as follows: length
of ere, 0,146 mm. ; width of egg, 0.077 mm. ; length of neck
from collar, 0.034 mm.; width of neck, 0.012 mm. ; length
of bulb to collar, 0.299 mm.; maximum width of bulb,
0.0534 mm.

Coccidorenus niloticus Comp,

This species was among those introdueed by Compere from
South Africa. During its propagation material was made
available for study.

Ouvarian egg.—The ovarian egg (fiz, 21, A) consists of
two large bodies connected by a moderately long neck. The
bulb is much larger than the ege body. Within the ovarioles
the bulb is distended, whereas the egg proper is not com-
pletely filled and the shell 1s wrinkled. When the ovarian
e is compressed to smooth out the folds, the bulb extends
enorimonsly so that its volume must be at least twice that
of the main body. The neck is curved toward the bulb and
resists all attempts to straighten it. The measurements
were: length of bulb, 0.468 mm.; width of bulb, 0.36 mm. ;
length of neck, 0.285 mm.; width of neck, 0.026 mm.:
length of ege, 0,423 mm.; width of ecg, 0.19 mm.

Fig. 22, 4 and B, gives some indication of the elaborate
appearance of the anteriormost portion of the band on the

L OF s,
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Fig.20. Clausenia
sp. Ovarian ege, lat-
eral aspeet. Note
band which rings
neck at i

neck. The features immediately noticeable are the greater width of the neck,
the grading of cell size in the portion of the band that nearly cireumseribes the
neck, and the sudden reduetion to rows of stipples throughout the remainder
of the neck. In the lateral view an abrupt thickening of the margins of the

larger cells 1s seen, which may be significant.

Figure 21, B, shows in detail the band on the ege proper. The breadih is
in itself distinetive. The cells are mostly very minute, but some are a little

larger and are arranged in a definite pattern of polygons,
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Deposited egg.—The stalks of the deposited eggs protrude from the dorsum
of the seale host in such a manner as to look like little white hooks. The col-
lapsed bulb remains attached (see fig, 24, A). The portion of the stalk within
the host is curved so that the dorsal surface of the egg is nearly parallel to
the integument.

Larva—The newly hatched larva (fig. 24, B) exhibits no striking depar-
ture from the other metapneustic larvae except the larger diameter of the

A
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Fig. 21. Coccidoxenus niloticns Comp. 4, ovarian egg, lateral aspeet; B, dorsal view of
egp proper, showing detail of acroscopie plate. The design iz formed by larger cells.

tracheae. The spiracles are placed at the stalk end when the larva is newly
hatched, but in the later instars their position is shifted toward the broader
portion of the band. All the eggshell collapses except the band,

Comperiella bifaseiata How.

This species has been adequately diseussed by Compere and Smith (1927).
The newly deposited eggs are found free wthin the seale host or loosely at-
tached to its integument, The stalk partly collapses after deposition and
apparently serves no useful funetion. It is apparent from Compere’s drawing
(his fiz. 25, 3) that the embryo develops with its head at the stalk end of the
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Fig. 22. Coccidorenus niloticus Comp. 4 and B, egg, showing two aspects of
distal end of neck ; €, lateral view of distal end of egg proper.
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Fig. 23. Coecidorenus nilol icus
Comp. Seetional views of stalk.
A, By and © in sequenee in the
area of large cells; D, the re- E

mainder of the neck; E, seetions
immaediately prier to the egg
proper, -qL‘ll:liliirlgr:unln:ﬂiq*,
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e, At eclosion, instead of issuing from the egg the larva remains with nearly
half of the posterior end enclosed. Aceording to whether the ege is attached
to the host’s integument or free within the host, the larva is seeured or free

floating. The tracheal system consists of a simple short tracheal trunk without
spiracles.

Fig. 24, Coecidoxenus niloticus Comp. 4, deposited egg, showing fully developed embryo;
B, newly hatehed larva almost wholly enclosed by shell.

Comperiella unifasciata 1shii

The deposited ege was noted by Taylor (19335) to be strongly attached to the
body wall of the scale host. Since he found “ne special apparatus for attach-
ment,” he assumed that it “must be effected by some adhesive substanece.”
The stalk probably funetions in this respeet.

The first instar larva was noted to taper gradually to a point at the posterior
end. A tracheal system was not found until the last instar.

Diversinervus elegans Silv.

Compere (1931) stated that the deposited eges of this seale parasite were of
the “aeriferous type” and were noted to be “enclosed in the hind intestines
suspended on a long stalk, the end of which is inserted through the anal tissue.”
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Fig. 25, Compericlla Eu'f.-r.%.-riﬂil'u. How. 1, Ovarian egg. 2, Newly laid egg. 3, Egg shortly
before hatehing. Note position of the embryo. 4, First instar larva. From the original draw-
ing by . Compere. (Compere and Smith, 1927.)

— il l,\
°
Fig. 26, Diversincrvus elegans Silv, A, eluster of three newly laid eggs;
B, first stage larva. (After Compere, 19315.) i
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Fig. 27. Ectromatopsis americana (How.). A, ovarian egg;
B, deposited egg eontaining embryo.

That the egg possesses a band is indisputable, as is evident from Compere’s
illustration (see fir. 26) and the term “aeriferous.”

The newly hatched larva was not deseribed, but it wounld appear from the
drawing that the tracheal system is not apneustie but probably has a single
pair of spiracles.
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Eetromatopsis mmericana ( How. )

This species is a relatively uneommon parasite of native California mealy-
bugs. Although it was propagcated with ease the studies of the developmental
stages proved diffienlt,

Ovarian cgg.—The ovarian eor was not properly studied, The drawing (fie,
27, A1) was reconstructed from a series of sketehes of a few poor monnts and

Fig. 28. A, Microterys sais-
setin Comp., anterior of neck
of egg, dorsal view., B and

C, Eetromatopsiz amcricana i

(Ilow.), two aspeets of an- ' i

terior end of neck. i {
& 0285 mem,
——

is therefore not a true camera-lucida drawing, The dimensions can be esti-
mated from the accompanying seale,

The bulb is mueh longer than it is wide and its apex is thickened into a
nipple-like projection. The neck is nearly as long as the egg itself and bears
a collar near the bulb. Fizure 28, B and €, shows this rerion of the neck in
detail. The eollar surrounds half of the stalk and its projecting margin is
dentate. A very minute band extends along the entire length of the neck. A
small portion at the bulb end is definitely composed of eells and these may
continue as far as the egg proper, On the main body of the ere the band widens
slightly and continues for twe-thirds its length. The structure is extremely
difficult to see even in the best preparations,

Depasited eqg.—For oviposition very small mealybues are selected. Sinee
the ege is relatively large it oceupies most of the body of the host and the stalk
is doubled back over the ege, The ege is attached to the integument by the
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stalk. The collapsed bulb remains intact. Even though a band may be observed
in the ovarian ege, only a portion has the silvery appearance after deposition.
This portion consists of a silvery “string” extending the length of the neck
but ending before the body is reached. This eondition is correlated with the
tracheal struetures of the larva,

G.08& mm

Fig. 20, Ectromatopsis americana (How.). First instar larva.
A, dorsal view ; B, lateral view.

The embryo develops with its head at the stalk end (fiz. 27, B). Eclosion
was not observed.

Larva.—The newly hatehed larva is elongate, laterally somewhat crescentie
in shape, with a broad anterior region and a taperng posterior. The tracheal
system is closed. The drawings (fiz. 29) are reconstructions from camera-
lucida sketehes, :

Encyrtus barbatus Timb.
No deseription of the egg is available. Ishii (1932) has illustrated and de-
seribed the young larva, supposedly the first instar. I strongly suspect that
the stage is a much later one, possibly the third or fourth. In the drawing the
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Fig. 30, Encyrius filiginogus Comp, A, ovarian egg in the lateral aspeet to show the band
on the convex ventral side ; B, posterior portion of the deposited egg (note position of yolk) ;
C, newly hatehed larva; D oand E, two views of first instar larva removed from egashell,
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eceshell is extremely small eompared with the size of the larva, The long tail
with a pair of spiracles at the tip, and the additional spiracles on the thorax
and abdomen are characteristie of later instars of Eneyrtus.

0,05 mam,

Fig. 31. The lip of two species of Encyrtus, dorsal and ]:llt'r:l!! :IHIP'E'I'tEi. A and B,
Encyrius fuliginosus Comp.; € and D, Encyrtas infelic (Embl. ).
1t does not seem likely that the e or larva of this scale parasite differs in
any important respect from those of the other species of Encyrtus.

Eneyrtus fuliginosus Comp.

This species is not native to California but was introdueed from South Africa
by Compere (1940) for use against Saissetia oleae Bern. Material for this
study was made available during the propagation of the species,
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Ovartan cgg.—The features eommon to all the
Eneyrtis eges that 1 examined arve the comparatively
large bulb, the short neck with the projecting lip,
the lateral attachment of the neck to the egg hody,
and the position of the band on the more convex or
ventral side. The only portion of the band readily dis-
cernible is the prominent lip. The remainder of the
band is apparent only after the egg is deposited. The
ege of Fneyrtus fuliginosus may be regarded as
tyvpical. Figure 30, A4 shows a lateral view., When
freshly dissected the bulb is large and fully rounded,
whereas the ege proper is smaller and wrinkled from
only partial distension. The peeuliar neck structure
is illustrated in fizure 31, A and B. The lip is highly
complicated and defies comprehensive deseription, It
looks ax if it were an aggelomeration of interconnect-
ing cells. The drawings were as aceurately made as
possible and present the appearance as viewed by the
usual laboratory microscope.

The measurements were: width of bulb, 0.116
mui. ; length of bulb, 0,183 mm.; width of neelk,
neck, 0,03 mm.; length of neck, 0,068 mm. ; width of
ego, 0.09 mm, ; length of egg, 0,163 mm.

Deposited egg—The stalk of the ege passes

A B

2 05 e
[

L0 mm,
 ——

Fig, 32, Eneyrtusinfeliz
{ EmblL). Deposited egg,
showing the neroscopic
plate {(ap).

Fig. 33. Encyrtus infelic {Embl,), MNewly hatehed larva.

A, ventral view ; £, lateral view.
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through the dorsum of the scale. Of those eggs examined the bulb was in-
variably absent as a complete strueture. It was either entirvely lacking or a
portion remained as a stringy attachment. The long, narrow, silvery band
extends nearly to the tip of the egg. Cells appear only as stippling. Those in

Fig. 34. Encyrius infidus
(Ttossi). Newly hatched larva
encapsulated posteriorly by
the shell of the egg, which is

guspended from the integu- Fig. 35. Erythaphycus ar-
ment of the host. (Redrawn gyrocomues  Comp.  Ovarian
from Silvestri, 1919.) ege, dorsal view,

the center section appear to be slightly larger. Since the band is on the side
opposite that with the deposited eggs of other genera, it is not readily dis-
tinguishable through the host’s integument. However, after embryonic devel-
opment has proceeded to the point at which the ege is partly translueent the

band may be discernible.
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The embryo develops with the head toward the stalk end. This is evident
from the position of the yolk as the larva develops (fig, 30, ).

Larva—After eclosion the larva is suspended in the eggshell with all the
hul]_\.' exeept the head enelosed |++'|.' the chorion (fie, 30, 7). The two H|Iil‘:ll‘]1'.‘i are
placed at the extreme end of the ege at the eenter of the band. There 15 no
visible pluz in the stalk of the egoshell.

b . , Fig. 37, Erythapliyeus argiro-

: . comus Comp. Ventral aspeet of

Fig. 36. Erythaphycus argyro- egg proper, showing tracheal sys-
comus Comp, Depogited egg eon- tem of the completely developed
taining fully developed embryo, embiryo,

The larva is fi rmly attached to the shell and no attempts to remove it sue-
ceeded. After hosts containing young parasite larvae had been immersed in
stain-saturated kerosene-xylene mixture for other purposes, the attachment
was less firm and the larvae eould oecasionally be removed intact. The newly
hatehed larva is shaped like a sausage (fig. 30, D and E). The two spiracles
are flush with the rounded posterior end, as opposed to later instars whieh
have their posterior extremities prolonged into a forked tail with a single
spiracles on each process,

Lateral tracheal branches ave barvely distinguishable, Their number and
distribution vary,
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Eneyrtus infelizx {Embl.)

This parasite of hemispherical seale, Saisselia hewmispherica (Tare.), was the
first eneyrtid species of which the biology was investigated to any great ex-
tent. In her monumental work Embleton (1904) deseribes a portion of a
structure which in this paper is referrved to as an aeroscopie plate or band, a
peenliarity of the enevrtid ege which until recently has been largely over-
looked by other workers.

L0085
e —— =

Fig. 38, Erythraphyeus argyrocomus Comp. Deposited egg immediately
prior to celosion,

Ovarian egg.—The undeposited egg is almost identical with that of Encyr-
tus fuliginosus. The bulb is nearly spherical and as large as, or larger than,
the main body of the ege. Embleton (1904) and Thorpe (1936) stated that the
bulb disappears with the old ovarian eges. T could not confirm this; on the
contrary, the bulb was found to be fully distended. The egg proper was some-
what collapsed and the chorion was wrinkled.

The neck has a prominent lip which differs from that of Eneyrtus fuligino-
gis in its more acute angle of projeetion from the neck, but in structure is
fully as complicated. Cells of the band are apparent here as elsewhere on the
neck. No doubt Embleton (1904) saw the band at this point, for fine papilla-
tions or striations were noted on the wall of the tube. The band on the egr
proper is either not visible or, on those rare oceasions when it stains, indistinet,



_”;”Jh : f','.m'lr”'.fd'qf-.u' aied Thetr .Irfr:jlfrrfr'rul.\' l,f-u;' It .E;JJ".P'rI”HH BT

The dimensions of an ovarian ege were : length of bulb, 0.12 mm. ; width of
bulb, 0,103 mm. ; length of eew, 0,223 mm. ; width of ege, 0,107 mm.; length
of neck 0,107 mm.

Deposited egg.—The neck of the deposited ero passes throueh the seale's
integument ; contrary to the statements of Embleton and Thorpe, the bulh
neither disappears nor breaks off but as a rule is mervely collapsed and remains
attached (fiz. 323, The band on the main body of the ere becomes visible be-
cause of the silvery effeet of the contained air. With small, nearly transparent
hosts the band may be observed through the intecument, The “conspicuous
finely shagreened band” which Thorpe (1936) noticed on the empty chorion
after eclosion was undoubtedly the acroscopic plate.

The band extends posteriorly to a point just short of the apex of the ere.
The width is slightly irregular, but the widest points are at the anterior end.
All alonge the eentral section there is an area of somewhat lareer cells.

Soon after deposition a plug forms within the stalk near the ege proper
becoming solid black. Thorpe and Embleton stated that this substance ap-
pears when the eges are in the last stages of development within the ovaries,
Thorpe considered the plug to be the remains of the “apieal yolk mass.”

Larva—None of the larval stages deseribed by Embleton was of the first
stage, Thorpe has stated that the rvespiratory system of the first instar is
metapnenstic and that “the tenth post-cephalic segment of the body is pro-
longed i the form of two processes, each bearing a spiracle at the tip.” I tend
to question this observation even though my own was incomplete : my gues-
tioning is based on my own findines with Eneyrius fuliginosus and the fieures
presented by Thorpe. The first stage larva of Encyrius fuliginosus is bluntly
rounded at the eaudal end. The processes on which the spiracles are to be
borne appear in the next stadium. The head capsule of the larva illustrated
by Thorpe (1936) is too large for the primary stage in comparison with those
I have observed.

A single pair of spiracles is attached to the center of the band at its widest
point near the stalk fiz. 33, A and B). Thorpe observed the processes of later
stages to be similarly fastened. The tracheal system is well developed, but
many of the lateral branches of the tracheal trunks are not filled with air
until some time after eclosion.

Enecyrtus infidus (Rossi)

The life history of this seale parasite has been investizated by Silvestri (1919)
and Clausen (1932). Although Clausen noted differences in the form and
habit of the various stages and considered it probable that the species studied
by Silvestri was not identieal with that oceurring in Japan, T do not consider
the differences in the egg and first instar larva significant enough to warrant
separate disenssion.

Silvestri noted that the egg had a large and prominent band on the dorsum
(fiz. 15, left). At the distal end of the neck the band was brick-red, thickened.
and spongy in appearance. The egg as deseribed and drawn by Silvestri is
quite different in several respeets from the eges [ investigated in either
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Eneyrtus fuliginosus or Eneyrius ttfeliz, in which the bands were found on
the more convex (ventral) side of the ege, and the distal end of the necks was
much more intricate in structure and had a projecting lip,

According to Silvestri, air is eontained in the band when the e is ideposited,
Undoubtedly Clausen observed the same phenomenon. Ile wrote: “on the
dorsal side is what appears to be a waxy merustation which extends from the
base of the stalk to three-fourths the length of the main body. Tt is also found
upon the stalk for its entire length, and in both the ege body and the stalk it
covers approximately one-fourth the cireumference,”

T so

b

fﬂ?

D5 .

Fig. 39. Erythraphyeus argyrocomus Comp. First instar lnrva shortly after eclosion.
A large portion of the tracheal system has become invisible,

Silvestri (1919) and Clausen (1924) agree that after eclosion the newly
hatehed lerva remains partly encapsulated by the chorion of the egg (fiz. 34).
Silvestri observed that caudad the body is slightly bilobed and that to the
posterior part of each lobe is applied a spiracle which adheres to the dorsal
BARDROR TS e Eneyrtus sasalkii Ishii
Only the ovarian egg is deseribed and illustrated by Ishii (1932). The thick-
ness of the neck in the ficure presented sugeests a strueture similar to that
found on the eges of other species of Encyrtus. If this proves to be the case, the
early stages of this species will not be found to differ in any major respect from
those of other species previonsly deseribed,

Erythraphyens argyroconmus Comp.

The adult of this species is similar in general appearance to Metaphyeus
howardi and both attack the same host. This was the commoner species and
material could be obtained at almost any time during the investigation.
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{Vearrdion vifil. The llllh' Featnre of ihe parar | fjoe, 35 wort Il"'-' of note is the
slight difference of the band ; at no point does it survound the neck completely,
and the width varies. On the egg proper the width is also variable and the eells
are quite apparent, those at the anterior end being somewhat larger. The di-
mensions were : length of bulb, 01858 mm. ; width of hulb, 0.09 mm. ; lenezth of
stalk, 0.103 mm. : length of eee, 018 mm. ; width of ege, 0,111 mm. : length of
band 0157 mum. ; width of band 0.034 mm.

e posited egg.—The deposited egg (fig. 36) can be readily located by the
presence of a ring of blackened material that has acenmulated around the
protruding stalk. (A similar ving of brownish material Forms within the host, )
The projecting portions of the egg do
not extend vertically but are bent at
an ancle of 45° or more. The collapsed
bullb remains attached. No plug forms
within the stalk. The band eventually
becomes slightly melanized from the
point where the stalk enters the host
to one-quarter of the length of the egg,
The embryvo develops with the head at
the stalk end and apparently hatehes
from that position.

The first larva (fie, 39) i1s unusual,
Instead of the usual simple pair of spi-
racles it possesses two pairs. It lies at
rieht angles to the band and the four
spiracles are placed along the longi-

. 2 : o Ff mm.
tudinal axis. In one larva the spiracles ———
were in the center of the band. In other Fig. 40. Eusemion ecalifornicum Comp.

larvae they had shifted so that only Ovarian egg. The neck is usually more
: ¥ : R irregular in dinmeter and somewhat col-

one of the pairs was thus sitnated, Sinee 1, ped.

the spiracles are not firmly attached,

dissection probably eaused them to alter their position. The band portion of

the shell remains extended and straight whereas the remainder lies confusedly

about the posterior section of the larva. At this stage of development the

tracheal system is difficult to discern and little more than the spiracles and

connectinge tracheae ave seen.

The tracheal system is readily discernible in the embryonic stages im-
mediately prior to eclosion, Figures 36, 37, and 38 of unhatched eges show the
respiratory strnetures, which arve filled with gas, yvet the spiracles are not vet
in contact with the band. Four spiracles, commissures, lateral tracheae, and
secondary tracheae are clearly discernible. The larva of this species had two
tracheal branches arising from the posterior commissure between the inner
pair of spiracles,
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Eusemion californicum Comp,

The ovarian ege (fig. 40) of this seale hyperparasite is large compared with
those of many encyrtids, The bulb is not sharply differentiated from the neck
and is not more than three times as broad. The length of the neck is nearly
twice that of the egg. The egg proper is convex ventrally and somewhat con-
cave dorsally. The measurements were : leneth of bulb, approximately 0,158
mm. ; width of bulb, 0.038 mm.; length of neck, approximately 0.321 mm. :
length of ege, 0.217 mm. ; width of exe, 0.111 mm.

Compere (1925) observed that the deposited ege floated free within the hody
of the host. The long stalk, “the greater part of which was shriveled and fune-
tionless,” remained attached. The larva lay free in the fluid contents of the
primary larva. When newly hatched it had a tail appendage about one-third
as long as the remainder of the larva, From Compere’s drawing of the first
instar larva it is apparent that the tracheal system is apnenstie.

Eusemion cornigerum (Walker)

The ege of this secondary parasite was found by Timberlake (1913) to be
deposited free within the body of the larva or pupa of its host. It was described
as decidedly minute with only a short pedicel which is functionless after
maturation and finally shrivels away. The development is apparently similar
to that of Chetlonewrus and related secondary parasites in that the eor in-
ereases in size so that the newly hatehed larva is many times the size of the
freshly deposited ege,

The first instar larva has a conspicuous tail. No mention of the tracheal SVS-
tem was made by Timberlake, but it is undoubtedly apneustie.

Habrolepis dalmant (Westw.)

Gourlay (1935) described the larva as “attached to the body wall by a chitin-
ized breathing tube.” Although the eges and larvae are not discussed in detail,
it may be assumed that the structure of the stages follows the same pattern
as with other eneyrtids utilizing a “breathing tube.” Another species also
attacking seales, Habrolepis rouri, is known to have a banded eoo,

Isodromus iceryae ow.

Clancy (1946) has given an extensive aceonunt of this parasite which attacks
larvae of Chrysopa. The ovarian egg has no band. On the distal end of the
neek Claney noted a transparvent colorless cone-shaped projection, somewhat
similar in structure to collars on other eggs, Clancy was not able to assien any
funetion to this structure,

Upon deposition a portion of the neck and the eollapsed bulb are left ex-
tending bevond the surface of the host.

The newly hatehed spherical larva remains weakly attached to the old
errshell by its posterior seements. In this instar spiracles are lacking.
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Fig. 41. Leptomastidea abaormis (Gir.). 4, newly deposited egg; B, ege which has now
become detached from the host's integument, showing developing embryo; €, same showing
embryo in reserve position; D, E, and F, larva in progressive stages of growth, eclosion as
vet incomplete,

Isodromus niger Ashm.

This parasite of Clrysopa larvae has also been thoroughly investizated by
Claney (1946) and was found to differ remarkably in the type of ego and
larva from the other species of the genus on congenerie hosts. The ovarian
ege has a well-defined band. In the deposited state the collapsed bulb and a
portion of the neck project from the host's intezument. The nearly spherical
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25 mm.

—— ———
Fig. 42, Melanaphyeus
Fumipennis (Timb.). Ovarian
ege and dorsal view of neck.

University of California Publications in Entomology

lirst stage larva remains attached, its posterior seg-
ments contained within the ezeshell and the single
pair of spiracles in c¢lose opposition to the band,

Leptomastidea abnormis (Gir,)

[

Ovarian cgg.—The ovarian ege (fiz. 11) of this
primary parasite of yvoung ecitrus mealybugs
( Psendococeus eifri Risso) is a little different in
general shape from others in the Eneyrtidae. With
higher magnification and with the aid of stains it
can be seen that the egg of thisspecies differs in an
important feature. On the neck just below the bulb
(fig. 11, I?) there is a eluster of approximately two
dozen cells similar to those found in aeroscopie
plates, This small elliptical group is the only in-
dication of a band at any point on the egg.

The size of the egz is comparatively small. The
measurements were: length of bulb, 0.12 mm.;
width of bulb, 0.039 mm.; length of neck, 0.064
mm.; length of egg, 0.145 mm.; width of egg,
0.073 mm.

Depasited cgg.—The ege in the deposited state
(fig. 41, A) is also peculiar, Rather than being laid
free in the body it is attached to the integument of
the mealybug with the collapsed bulb and a portion
of the neck protruding. The protruding stalk may
be observed if the oviposition is watehed or subse-
quently through staining, Shortly after deposition
the protruding part is collapsed onto the sufrace
of the host, and with the aid of stains it is barely
noticeable as a small flat spot. If dissections are
not made with enough eaution immediately after
oviposition, the main body of the ere becomes dis-
engaged and floats free in the body eontents of
the host,

The embryo first lies with the head at the an-
terior end of the ege (fiz. 41, B) but at completion
of embryonic development the reverse position is
assumed ('), Eelosion was not observed.

Larva.—The larva increases in size while still
partly enclosed within the shell, for the stump of

the detached stalk remains at the posterior end. ( Fig. 41, D, E, F.) The chorion
15 eventually shed and the posterior segments become attenuated into a

short tail.

The tracheal system which is usually most apparent in other species prior
to eclosion and shortly thereafter is searcely detectable, At no time were more
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than three-fourths of the tracheal trunks visible and neither commissures nor
tracheal branches could be seen. This may be due in part to the minuteness of
the tracheae. e

Melanaphyeus fumipennis (Timb.)
Although this species attacks the same host as the two previous eneyretids, the
strueture of the early stages is entively dissimilar.

Ovarian egg.—The ovarian eco (fie. 42) is ext remely simple. 1ts sole dis-
tinetive feature is a slicht swelling in the lower regions of the neck, The meas-
urements were: length of bualb, 0197 mm. ; width of bulb, 0.077 mm. ; leneth
of neck, 0,056 mm. ; length of ecos, 0197 mm. : width of e 0098 mm,

A B C

D e,

fra

Fig. 43, Melanaphyeus fum ipennis {Timb, ), A and B, two aspeets of the mature cmbryvo;
€, larva. Apparently all the body but the head is enclosed by shell.

The deposited egg is attached to the integument of the host, this was ascer-
tained only after repeated careful dissections of small hosts. The bulb and
neck do not project as mueh as do these of banded ezes, but are morve or less
flattened to the integument. If several eges are deposited in a group, which
frequently happens, the stalks are more erect. A few hours after deposition
that portion of the stalk within the host melanizes to a oray eolor which is
visible through the host’s derm.

The embryo develops with the head toward the stalk. The larva apparently
hatches from this position, for larvae that had obviously fed retained the
shell on most of the body (fie, 43, ). It is believed that the larval contortions
break the connection with the stalk and the larva emerges by enlarging this
rupture,

Larva.—The newly hatched larva floats freely within the host and when a
host is dissected the parasite is seldom found near the stalk of the eow, At this
state (fig. 43, ') it is almost a perfect sphere without the barest sugeestion
of sermentation and several times the larva appeared to be enclosed by shell.
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The tracheae are very difficult to diseern because of their minute size and the
abundanece of globules of food material. To trace them it was necessary to
obtain eges just prior to eclosion,

208 mem.
p————

Fig, 45. Metaphyeus

Fig. 44. Metaphycus fowardi [ Ck1l.]. Deposited
Fowardi [CkIL]. Dorsal egg containing completely
view of ovarian egg. developed embryo.

Figure 43 (A and B) shows two views of unhatehed eces containing fully
developed embryos. The tracheal system has no spiracles but the tracheae,
commissures, and lateral branches are well developed.

Metaphycus alberti (How.)

References to this species were discovered among the unpublished notes of
IHarold Compere, who kindly lent them to me. No description is given of the
ecrs or larvae, but drawings of the ege indieate very definitely that a band is
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present. According to these sketehes the stracture is similar to that found
among other species of Metaphyens, The Following dimensions were noted

length of bulb, 0.09 mm. ; length of neck, 0,04 mm. ; length of evo, 0,12 mm.

Metaphyens flammens Comp.

One female of this species was obtained from Lecanivm quereitranis. No host
material in a suitable sSlaop conld be seeured for studies of the 1I1'1.'|'||r|||||1'||1_
."'|.|I|IHH'_:|I this 15 a close ]'L‘];]Iih‘ of ,].’r.h.l;.lfflrj.r'n_-.: f.lurr'rH':f.l-_ its OVIFIEN {rorar

differs in structure, It is elassed with the banded type (fie. 66, A). The band

near the bulb end covers less than half the neck and immediately narrows to

Fig. 46. Metaphyeus lounsburyi (How.). Deposited egg. Note the distinet aerascopie plate,
(Redrawn from Smith and Compere, 1928,)

extend the length of the neck. On the egg proper the band widens somewhat,
but is scarcely wider than the diameter of the neck. Cells are just barely
distinenishable.

The measurements were: length of bulb, 0.137 mm. : width of bulb, 0.06
mm. ; length of neck, 0.09 mm. ; width of neelk, 0.009 mm. ; length of eoe, 1,158
mm, ; width of ege, 0.077 mm.

Metaphiyreus howardi [ Ckl. ]

This species was reared near Riverside, California, from material of an un-
known species of Eriococens. A few females were obtained for study from
this same locality over a period of more than a vear.

Ovarian egg.—The ovarian ege (fic. 44) differs in minor details from other
banded eges. The bulb is larcer than the ego proper. The neck is not as long
as the main body of the ege. The band toward the bulb end completely sur-
rounds the neck. The remainder of the band on the neck is only three cells
wide, On the ege proper the band widens and inereases in width, althoueh
less abruptly, to its apex, a point about two-thirds the length of the egw. Most
of the eclls are very minute except in one central locality near the anterior
end. The measurements were : leneth of bulb, 0.193 mum. s width of bulb, 0.094
mm. ; length of neck, 0.086 mm. ; length of eze, 0137 mm. : width of pore (10081
mm. ; length of band on egg, 0,103 mm. ; width (maximum). 0.03 mﬁ:.



96 Universily of California Publications in Entomology

Depostled egg—The deposited egz (fiz. 45) is found attached to the in-
tezument of the host and is continuous with the projecting stalk. Before the
larva has hatched, a yvellowish brown plug has formed in the lnmen of the
stallk.
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Mg, 48, Metaphyeus melanosiomalus

Fig. 47, Metaphycus (Timhb.), Left, ovarian egg. Right, detail
futeolus (Timb., ). Ovar- of the acroseopie plate of the ovarian egg.
inn egg, dorsal view, (Redrawn from Silvestri, 1919,}

The fully developed embryo has been noted with its head near the stalk.
Eelosion was not observed, but the mideut of one unhatehed larva contained
food materials, therefore showing that the larva had fed before eclosion and
had not reversed. Quite possibly the larva perforates the shell with the
mandibles, feeds, inereases in size, and eventually bursts the shell.

Larva—Difficulty in keeping parasitized hosts alive prevented observa-
tions on the larva, but it is apparent from the camera-lucida drawings of the
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completely developed embryo (fig. 45) that a single pair of spiracles is to be
found in the first instar larva.

Fig, 49, Metaphyens melanostomalus
{ Timh. ). FFirst imstar Jlarva. (Bedrawn
from Silvestri, 1919,)

Fig. 50, Micraterys for-
regineus (Nees), First
staoe Tarva, The figrured
neek indicates that a bhand
is found with this speeies,
(Redrawn from Parker
and Thompson, 1925,

Metaphycus lawnsburyi (How,)

The biology and habits of this primary parasite of Saissetia oleae (Bern.)
have been deseribed in detail by Smith and Compere (1920, 1928}, T observed
the ovarian ege only.

Ovarian ¢gg.—The ovarian egg is similar to that of Metaphyeus liteolus,
but the band on the ege proper is somewhat narrower and more wedge-shaped,
being widest toward the neck. The cells are of moderate size and uniform
except at the distal end where they are slightly lareer. The large cells are not



‘ X f 9 LAl & I.- v il " L ] = - ¥
kL University of California Publicalions in Entomology

A

ELONE

O .

p—
Fig. 51. Mieroterys flavus (How.). A, ovarian egg; B, dorsal aspeet of egg proper,
ghowing detail of aeroseopie plate. Larger cells from pattern.

in a demarcated area as in M. lufeolus ezes, but gradually become mixed with
the more minute cells in the sourrounding regions. Measurements were:
length of bulb, 0.201 mm. width of bulb, 0.09 mm. ; length of neck, 0.128 mm. ;
width of neck, 0.013 mm. ; length of ege body, 0.218 mm. ; width of ere body,
0.094 mm. ; length of band on egg body, 0.154 mm.
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Deposited egg—Smith and Compere (1928) found the newly deposited ege
to be stalked. Beyvond a doubt the band was observed but was not recosnized
as such. They deseribed a “ventral rib or stay™ which extended about two-
thirds the length of the ezg bhody and which beeame dense white immediately
after deposition. The drawing (see fig. 46) of the deposited ege shows this
“venteal rib™ elearly.

Larva.—The first instar larva was deseribed by Smith and Compere.” Upon
hatching it remains with the posterior five of the thirteen body segments en-
¢losed by the eggshell. The tracheal system is metapneustic,

B

S

i

Fig. 52. Microterys flavus (How.). 4, fully developed embryo prior to reversal; B, the
same embryoe after reversal, the eggshell intact; C, first instar larva immediately after
eclosion,

Metaphycus luteolus (Timb.)

The ovarian egg (fig. 47) is very large compared with the size of the female
and only a few eggs are matured at any one time. The ezg is banded. Near the
bulb the band extends nearly around the neck but more abruptly recedes until
near the anterior end of the ege proper, where it commences to broaden. On
the ezg proper it is uniform in width. Most of the cells are minute, but at the
end toward the neck there is a differentiated avea of much larger cells. IF'rom
a lateral aspect these cells appear noticeably thicker than those of the re-
mainder of the band. The measurements were: lencth of bulb, 0,188 mm, :
width of bulb, 0.103 mm. ; length of neck, 0.086 mm. ; length of ege, 0.18 mm.

=y

width of ege, 0.093 mm. ; length of band on ége proper, 0.137 mm. ; width m
hclliti_ 0.043 mm.

" The ﬁ.‘.url:' of the first instar larva in the earlier paper is probably actually the second
instar as evidenced by the comparative size of the larva and eggshell, as well as the greater
dinmeter and degree of deve dopment of the trachene,
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Neither deposited eges nor larvae were examined. Smith and Compere
(1928) report the egg to be suspended by the stalk from the dorsum of the
host scale, but do not deseribe the larva. The larva will probably be found to
have a metapneustie tracheal system in the first instar,

Metaphyeus melanostomatus (Timb.)

Both Imms (1918) and Silvestri (1919) have investigated the development
of this European species, which is parasitic on seale inseets. Silvestri de-
seribed the various stages as those of Aphyeus punctipes (Dalm.) and con-
sidered Metaphycus melanostomatus as synon -
mons. Imms also synonymized the former with
the latter, According to P, I1. Timberlake, these
are distinet species and both Silvestri and Tmms
undoubtedly dealt with Metaphycus melanos-
fomatus and not Aphyens punetipes.

Aecording to Silvestri the ovarian egg is simi-
lar in form to that of Blastothrir sericea only
somewhat smaller. No respiratory band is de-
seribed, vet the figures and legend indicate
that a distinet band was observed (fiz, 48),

Silvestri found the deposited ege to be at-
tached to the integument with the petiole pro-
Jeeting to the exterior of the host. Imms, on the
other hand, reported the egz to lie free in the
body cavity and to be devoid of a petiole. It is
of some significance that Silvestri also found a
band on the egg of Blastothrir sericea, whereas
Imms failed to record one on the ege of suppos-
edly the same species,

— b

o mm

———

Fig. 53. Microterys flavus

{(How.). Newly hatehed larva
suspended by the remaing of the
eggshell attached to the integu-
ment of the host. The neek, with

In the main, both workers agree regarding the
structural details of the newly hatched larva:
the tracheal system being simple and apneustie,

consisting only of two main tracheal trunks,
anterior and posterior commissures, anid a sin-
rle cephalie branch on either side (fiz. 49). But
Silvestri reported the newly hatehed larva as being posteriorly encapsulated
by the egeshell which was suspended from the host's intecument. Imms records
no sueh relationship.

IT Silvestri’s evidence is accepted, the larva of this species constitutes the
single exeeption to the statement that with species of eneyrtids having banded
egws the early larval stages have metapneustic tracheal syvstems, In view of
the eonfusion in the taxonomy and the variations of the findings of the two

the exeeption of the part bearing
the band, is collapsed.

investigators, further examination seems warranted,
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Fig. 54. Microterys masii Silv. Left, ovarian egg, Center, posterior portion of the same.
Right, newly hatched larva suspended by the petiole attached to the host’s integument,
[ Hedrawn from Silvestri, 19189.)

Metaphyeus timberlaker (Ishii)

The type of egg is not apparent from the deseriptions of Ishii (1932), nor does
he state whether the deposited egg is attached or free. The larva fizured is
nearly identical in shape and structure with the first instar larva of MWefa-
phiyeus melanosiomatus. The body is nearly as wide and lone. The tracheae
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Form a eomplete loop with one eephalie branch on either side. Spiracles are
evidently lackine. ) )

Microterys elauseni Comp.
An illustration by Ishii (1932) of the deposited eges shows that it is of the
banded type. In this drawing the stalks of the eres are covered with a minute
network which no doubt represents the eells of a band.

Microterys ferrugineus (Nees)

In addition to summarizing the available information on the eze and larva

(=L
of enceyrtids, Parker (1924), in his well-known work on the postembryonie
forms of Chaleids, deseribed the larva of this scale parasite,

Fig. 55. Microterys saissetiae Comp, Ovarian egg, lateral view.

The newly hatched larva remains with the posterior part of the abdomen
sheathed by the eggshell which is attached by the pedicel to the intesument of
the host. The tracheal system is metapneustic. No band structure was de-
seribed or drawn. In a later paper by Parker and Thompson (1925) there was
presented a figure of the sheathed larva which suggests that a band was ob-
served (see fiz, 50). :

Microterys flavus (How.)
Timberlake (1913) has made observations on this, a parasite of soft brown
seale (Coccus hesperidum Linn.). I was able to confirm and enlarge his report
on the ege and larva.

Ovarian egg.—The ovarian ege (fiz. 51, A) is distinetive in that its neek is
more than twice as long as the main body, Timberlake did not observe the
prominent band. Most of the cells are minute but larger cells form a network
presenting an appearance similar to that shown in figure 48, B. The measure-
ments were as follows: length of bulb, 0.3 mm.; width of bulb, 0.15 mm. ;
length of neek, 0.428 mm. ; width of neck, 0.013 mm. ; length of ege, 0.227 mn. ;
width of egg, 0,107 mm.

Depasited egg.—The ege is attached to the integument and the collapsed
bulb and a portion of the neck protrude. The band is silvery throughout and
immediately apparent after deposition. The stalk is eurved so that the main
hody lies parallel to the host’s integument. Just below the integument there
is an agelomeration of melanized host material. The stalk also becomes mela-
mized by the time the larva hatches, The distal half becomes yvellow and proxi-
mal half brown.
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The embryo develops with the head at the stalk end (fig. 52, 4). (One em-
bryvo reversed its position prior to eclosion.) Immediately following this
phase of development the embryo proceeds fo expand and saquirm until the
eaoshell is finally split to wrinkle backward over the body.

Larva.—Timberlake did not deseribe the tracheal system of the first instar
larva. The existance of an open system was implied in the statement that the
e stalk was strietly homologous and
similar to that of Qoencyrfus buvanae, the
funetion of which had been deseribed as

ik

respiratory.

Figures 52, !, and 53 show the newly
hatched larva, The tracheal system does
not deviate from the general plan of meta-
pnenstic eneyrtid larva. The posterior
commissure is short and straight, whereas
the anterior one is more than twice as
long and arches over the foregut. Lateral
branches are readily distinguishable. The
spiracles are placed on the band so that
each lies at a point one-third the distance
from the margin of the band.

Microterys masii Silv,

Silvestri (1919) stated that the egg of this
species is similar to that of Phaenodiscus
aencns, but had a shorter neck. The stage
1s not deseribed in detail. From his draw- Fig. 56. Microlerys snissetiac Comp.
ings it is apparent that a band is present  Newly hatelied larva suspended by the
i eggshell attached to the integument of
(see fig. 54). the host.
The deposited ege and first instar larva
are alzo similar to those of Phaenodiseus. Although the respiratory system of
the larva is metapneustic, in Silvestri’'s drawings of the newly hatched larva
the spiracles do not appear to have any relation to the band.

Microterys saissetine Comp.,

This parasite of black scale (Saisselia ofeae Bern.) was introduced into Cali-
fornia by Harold Compere. A limited amount of material for study was made
available during its propagation.

Ovarian egg.—The eze of this species (fiz. 55) resembles in certain respects
the egzs of other Microfcrys and that of Coceidoxzenus niloticus. It resembles
the former in the lengzth of the neck which is slizhtly longer than the main
body of the egg. The band has the general shape and strueture found in Coe-
cidorenus. The anterior of the neck is similarly ornamented, consisting of a
network of four-sided or three-sided eells with slight thieknesses at the corners,
as illustrated in the drawing (fir. 28, 4). Unlike Coceidoxzenus, there is no
pattern on the band of the exe proper made by lareer eells. The measure-
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ments were approximately as follows: width of bulb, 0.16 mm. : length of
bulb, 0.3 mm. ; length of neck, 0.2 mm, s width of egg, 0.14 mm.; length of ege,
0.31 mm. ; width of band (maximum) 0.11 mm,

Deposited egg.—The egg in the deposited state is of the stalked type with
the anterior extremity of the neck and the collapsed bulb protruding from the
host’s integument. The projecting neck is rigidly enrved so that a definite hook
15 formed. The stalk soon becomes melanized throughont its length with the
exception of the exterior portion. A black mass of host material congregates
around the stalk immediately below the integument. The embryo evidently

Fig. 57. Ovencyrtus ealifornicus Gir. A4, mature embryo
prior to reversal ; B, after reversal.

develops with the anterior end near the stalk, although this was observed only
once. Lack of material prevented additional observations.

Larva—The larva (fig. 56) differs in no particular detail from the newly
hatehed larva of Coceidoxenus. The single pair of spiracles is located near the
stalk but, unlike Coceidoxrenus, retains the same general position in the later
instars, '

Microterys speciosus Ishii

Ishii (1932) has given an extensive account of this encyrtid. The ovarian
ega appears to be similar to that of most Microterys in that the neck is long
and slender. There is no indication in the deseription or drawings of the pres-
ence of a band although the function of the pedicel was deseribed as respira-
tory. In a later publication Ishii (1932) remarked that the chorion is minutely
reticulated, which may indicate the presence of a band. The deposited ege is
attached to the integument of the host scale and a portion of it protrudes.
After eclosion the larva remains with the candal five segments enclosed by
the egzshell, The tracheal system is metapneustic,
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Qoeneyrins californicus Gir.

Material for study was secured from an infestation of Anase tristis De Geer
at Riverside, California.

The undeposited erge is remarkably similar to that of Qeencyrtus jolinsoni.
The structure of the band on the neck is identical with . johnsoni, but the
division at the apex of the band on the egg body is not so prominent, and the
band is slightly wider relative to the size of the ege. The dimensions were :
length of bulb, 0.185 mm.; width of
bulb, 0.068 mm. ; lenkth of neck, ap-
proximately 0377 mm.; length of
ere, 0,180 mm.; width of egg, 0,004
mm. ; length of band on egg, 0.150
num.

The deposited ege lacks distin-
gimshing features. The development
parallels that deseribed for Qoen-
ciyrtus joltnsoni, Figure 57 shows an
unhatehed larva prior to reversal
(A) and after reversal (B). The
larval (fig. 58) respiratory systems
are alike,

Oacneyrtus johnsont (1How.)

The eggs of the harlequin cabbage
bug, Murgantia histrienica (Iahn),
are commonly attacked by this en-
evrtid in southern California.

Ovarian egg—The ovarian egg

fig. 59, A) is quite large and its
( = ) ; ! e ; Pig, 58, Ooeneyrius californicns Gir, First
neck is half again as long as the main ~ jygar larvae attached to the shell of the host,
bodv of the oo, The bulb is smaller ( From the exterior of the host it would have
tl ) ] D _appeared that only a single egg had been de-
ian the egg proper and 1ts apex posited.)
is slightly thickened. Measurements
were: length of bulb, 0158 mm. ; width of bulb, 0.064 mm. ; length of neck,
approximately 0.3 mm. ; width of neck, 0,013 mm.; length of ece, 0,15 mm. ;
width of ecg, approximately 0.09 mm.

A distinet band is present which, in certain respeets, differs from those of
all eneyrtid eggs but those of another species of Ooeneyrius. The most striking
variation is in the appearance of the band on the main body (fig. 60), The
marginal areas are composed of minute cells, At the center of the anterior end
the cells are large and contiguous, then abruptly become seattered throughout
the central section. The band is irregular in breadth and at the apex is divided
into two short prongs composed of thick cells. The length measures 0,13 mm.
and the greatest width is approximately 0.03 mm.

An additional strueture, either nonexistent or obsenre in most exes, is noted

fct =Rt |
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at the apex of the neck (fiz. 59, B and €'). At that point the eells completely
surround the neck, and as the band narrows the cells underlie a thickened wuh
for nearly 0.1 mm. The wall may cover the rest of the neek and the upper part
of the main body. Frequently it appeared that the band was situated under
a thin layer at the junction of the neck with the ege, although this may be a
microscope effect.

A-D aF o,

E*C ] 205 o,

A D

Fig. 59. Ooencyrtus johnsoni (How.). 4, ovarian egg. B, lateral aspect of anterior section
of the neck. The band passes beneath o thickened wall. €, dorsal dorsal view of the bulb
end. IJ, deposited egg.

Deposited egg.— In the process of oviposition the contents of the bulb are
foreed into the egg proper and the remains of the bulb are left attached to the
protruding neck, as shown in figure 59, D). The thickened end fits over the neck
like a cap.

Usually the chorion of the host ege surrounds that portion of the neck which
has thickened walls. Egos may be deposited singly or in groups of two or
three.

Melanization eommences soon after deposition. The thickened portion of
the neck becomes blackened even though all or part lies ontside the host.
Throughout the neck and upper part of the egg body the band becomes brown.
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The embryo first lies with its head at the anterior end, as shown i fizure G1,

A (p.105), and later reverses itsell (B and ).
Larva.—At eclosion the egeshell ruptures and wrinkles about the posterior
of the larva, the band remaining fairly straight and unbroken; two spiracles

are affixed to it near the stalk, Lateral
tracheal branches are very minute and
difficult to discern. Figure 61, 12, shows
a larva that has just hatehed. The larva
remains attached in a similar manner dur-
inge most of its existence.

Oacneyrius buvanae (How,)

The investigation of this species reported
by Howard and Fiske (1911) has been the
standard reference in many subsequent
articles on enevrtid biologies. Theirs was
the first report of the so-called “stalked
eges.” However, they erred in interpret-
ing the funetion of the stalk and their
error has frequently appeared in subse-
quent writings. By means of preserved
parasitized host material and live adult
parasites kindly supplied by R. C. Brown
of the U. 5. Department of Agriculture,
Forest Entomological Laboratory at New
IHaven, Conn., I have been able to eorrect
and amplify some of the deseription by
Howard and Fiske,

Quvarian egg.—The ovarian egg resem-
bles that of other species of Oovencyrius
described here, having the same weneral
shape but a different structure. Near the
bulb the neck is broader: the inereased
breadth continues for a short distanece,
thenee the neck beecomes uniformly nar-
row. It is possible that this bulze may

Fig. 60, Oocneyrius johnsoni (HMow,),
Dorsal aspeet of egg proper, showing
detail of band.

serve to retain a portion of the egg protruding from the host.

The band on the egg proper differs as well. The general shape—broad at
the distal end, narrower toward the eenter, then broad again—is the same. But
the cells are small except for an ovoid area oceupying most of the anterior end.
They are sparse only near the center of the slightly hifurcate apex. The cells
here are no thicker than others. Those on the neck do not appear to have thick-
ened walls. The cells surround the neck immediately above the bulge and some

of these are slightly lafgzer than the others,

Deposited eggs.—In all the preserved material examined the end of the
stalk protruded from the host’s eggshell. Where the host embyro was com-
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pletely formed, the ege was found within the body eavity in the same manner
as deseribed and drawn by Howard and Fiske, The portion of the egg protrud-
img from the host ege consists of the anterior portion of the neck and the eol-

e,

Jrg
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Fig. 61. Ooenoyrius johnzgoni (How.). 4, mature embryo prior to rotation; B and C,
two aspeets of embryo subsequent to reversal ; 0, newly hatehed larva,

lapsed bulb. Even though the material had been preserved in Bouin’s fixative,
the silvery sheen resulting from the presence of air within the band was
frequently observable,

Larva.—Satisfactory material was unfortunately not obtainable for obser-
vations of the larva. As with others of this tyvpe, the larva remains with the
posterior end enclosed by the eggshell. Althoueh Oadencyrius kuwvanae has
been repeatedly referred to as remarkable in that the larva respires through
a tube, the existance of spiracles was not demonstrated until recently, when
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Parker (1933) noted two open Hilit'Fll'h"-t at the |1niJ|I ol attachment to the
egoshell, An observation by Howard and Fiske appears open to guestion. They
report the stalk to increase in thickness as the larva grows, Sinee the ege stalk
consists solely of shell it is not coneeivable that it is capable of growth of
itself, Among those which I observed, none inereased in thickness., The mela-

A B C D

O 05 mam,
A ———

B-C-D :

Fig. 62, Ovarian eggs of : A, Acerophagus pallidus Timb. ; B, Acerophagus fasciipeis
Timb. ; €, Stemmatosteres apterus Timb, : I, Paralitomastiz pyralidis {Ashm. ).

nization of the stalk as development proceeds does cause the stalk to appear
more prominent and it is therefore quite possible that it ereated an illusion
of ereater thickness,

Paraltfomastic pyralidis ( Ashm.)

Althongh no investigation of the eggs and larvae of polyembryonie encyrtids
was made in this work, the ovarian ege of this species was examined for pur-
poses of comparison.

The ege (fig. 62, 1) is extremely simple, small, and its shell is nnmodified,
The bulb is short and only slightly wider than the neck. The ere proper is
elliptical, the anterior end being the broader. The apex is somewhat more
pointed than in other eggs. The measurements were : length of bulb and neck.
0.072 mm. ; maximum width of bulb and neck, 0.017 mm. ; length of ege,
0.06 mm.; width of eze, 0.034 mm.

[t is evident from the literature on polyembryonie species (see especially
Silvestri, 1908, ¢f seq.) that the egg is deposited entirely within the host and
that the larvae that develop do not possess spiracles in the primary stages,
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Phaenodiscus acnens (Dalm.)

Silvestri (1919) has given a detailed deseription of the developmental stages
which is well supported by drawings, three of which are duplicated in ficures

Fig. 63, Phaenodizeus acneus (Dalm. ). Left,
ovarian egg. Right, posterior portion of same.
( Redrawn from Silvestri, 1919.)

63 and 16. The neek of the exg is
nearly four times as long as the main
body. The band on the exe is mi-
nutely “dimpled” and extends from
the bulb nearly to the apex of the
ege. At the bulb end the neck is
slightly larger and at this point the
band extends ecompletely around,
This portion remains exterior to the
host and was termed by Silvestri the
“respiratory plug.” The egz is de-
posited with the anterior body and
a part of the connecting tube re-
maining outside the host integument
as in other stalked eges, The newly
hatched larva retains the last few
abdominal segments within the ege-
shell. The single pair of posterior
spiracles adheres to the aeroseopie
plate.

FPsewdaphyeus angelicus (How. )

This is a parasite of the Mexican
mealybug, Phenacoceus gossypii
Twns. and Ckll., and several other
mealybug species in southern Cali-
fornia.

Ovarian egg.—The undeposited
ege (fig. 64, A) is extremely simple
in structure, lacking any suggestion
of a band or any modification of the
c¢horion. The bulb is long and narrow
and not sharply differentiated from
the neck. The egg when compressed
is convex on the ventral side and
nearly straizht on the dorsal. The
measurements were : length of bulb
and neck, 0312 mm. approxi-

mately ; maximum width of bulb, 0.051 mm. ; length of ege, 0.175 mm. ; width

of ege, 0.098 mm.

Deposited egg.—The deposited ege (fiz. 65, A) lies entirely within the host,
A portion of the neck and the collapsed bulb are doubled back over the basal
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portion of the neck and become melanized soon after deposition of the egg.
In some specimens a erumpled mass of material was observed at the proximal

end of the neck.

A

O5 mm

Fig. 64. Pseudaphycus angelicus (How.). 4, ovarian egg; B, compressed
newly deposited egg, showing reinflation of bull,

Larva.—No trace of a tracheal system could be seen in either the completely
developed embryo or the first instar larva, Usunally the tracheal structures
are most easily discernible in the embryo. Figure 65 shows a fully developed
embryo, A, and a first instar larva, B. The larva had obviously fed, vet the
small eirele around the mandibular region suggests that most of the larval
hody is still enclosed by the shell. Although tracheae may be present and ex-
tremely minute, spiracles are undoubtedly absent.
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Pscudleptomastiz squammulata Gir.

This encyrtid is the parasite most Frequently obtained in sonthern California
from Amonostherivm lichtensioides Ckll, a coecid common on Arte misii
californica. Laek of suitable material prevented satisfactory observations of
the larva, The same species was found to attack Pseudococeus maritimus by
Clausen (1924) who was suecessful in investigating all stages.

The ovarian ege is banded (fig. 66, B) and in general resembles most other
eges of the type. At the bulb end of the neck the band is broad and composed

B

&LOs mm.

L I
F L

Fig. 65, Pseudaphyens angelicus (How,), A, deposited egg containing fully developed
embryo; B, first instar larva. Almost the entire body is enveloped in shell,

of prominent cells arranged in much the same pattern as in Anagyrus pufono-
philus ; it then abruptly narrows to a breadth of two cells, and on the main
body of the ege broadens again until it is slightly wider than the neck although
nevertheless narrow compared with the band on most eges. Clausen does
not indicate that he saw a band,

The measurements were: width of bulb, 0.042 mm, ; length of bulb, 0.163
mm. ; width of egg, 0,06 mm.; length of egg, 0.146 mm. ; length of neek,
0.107 mm.

On Amonostherium the egos are deposited singly or in eroups of two and
three protruding from the same aperture. The swollen portion of the neelk
protrudes from the host’s integument. According to Clausen, single egos are
laid in Psewdococens maritimus in the same manner.

I was not able to observe the larva; however, Clausen noted that the young
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larva remains attached at its anal end to the stallk, “the funetion of which has
been described as respiratory.” The type of tracheal system was not -"‘l"""""'L
but it 1s probably metapneustie,

A B

CAERE i

—
Fig. 66, A, Metaphyeus fanmens Comp. Ovarian egg, B, Pseadleplomastix
seuammalata Gir,, ovarian egg,

Quaylea whittieri (Gir.)
This common, introduced species is hy perparasitic on many of the parasites of
scale insects introdueced into California. An extensive study was not made”
The undeposited ege (fig. 8, B) may be said to resemble that of Cheiloneu-
ris. The similar features are simplicity in structure, long neck, and small
undifferentiated bulb. The neck is obviously fragile and becomes readily dis-

" [ The first instar larva of Quaylea whitiieri is atracheate. It molts while enclosed in its
embryonic membrane (trophamnion). S.E.F.]
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torted 1 mounting procedures, In the prepared mounts it is never recnular
in outline but is partly collapsed. The bulb is slightly wider than the neck, is
short, and has a truncated apex. The measurements were : length of bulb,
0.107 mm. ; width of bulb, 0.021 mm. ; leneth of neck, approximately 0.47 mm. ;
length of egg, 0.133 mm. ; width of ege, 0.073 mm.

g,
Npawtopterus crueifer Gahan

m - s 2 I o ! = 1 5 H x 3

Faylor (1933) was able to obtain very little information on this seale parasite.

Deposited eges were not found. Ovarian eggs and young larvae were said to be

similar to those of Comperiella unifasciata. The first instar larvae are prob-
ably apneustic or possibly atracheate,

Fig. 67. Tetracnemus pretiosus Timb, A, ovarian egg; B, newly laid egg; C, first instar
larva on fourth day within chorion; I, on fifth day; and E, on seventh day, ( After Claney,
1934.)

Stemmatosteres apterus Timb.

This minute wingless species was secured from a single infestation of an un-
known speeies of Phacnacoceus near Fillmore, California. Deposited egg and
newly hatehed larva were not examined.

The ovarian ege (fig. 62, €') is similar to those of Acerophagus spp., the
simplest type of ege. The measurements were: length of bulb and neck,
0.12 mm. ; maximum width of bulb, 0.021 mm. ; length of egg, 0.09 mm. ; max-
imum width, 0.042 mm.

From the appearance of the ovarian egg it is assumed that the deposited egg
lies free within the host and the larva has no spiracles,

Tetracnemus pretiosus Timb,

This primary parasite of mealybugs was diseussed by Compere and Smith
(1932) and in more detail by Claney (1934). Only a few points need to be
repeated here, ITmmature stages are shown in fizure 67,
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Tht‘ AR e g iH ||i||||l|t'-]rl.|||ii'|| ‘ﬂirh H .HHII:IHIFI hl“'l-ﬂl't" !Flr'h'llf_fllhlll. Ilhlll"
1i|"'|'|u.~i'-ll1"1i Erer lies Free in the IHH!_\' Moiils of the host ani :‘I'.‘II[Il.il”l'l.' illl*t‘t';lh:"h in
s1xe with the th"l.'l'hll:rtlll.*lll of the 1"||'||1|"_"|,'1r_ The first tnstar larva does nol hateh
mmediately but remains enveloped by the chorvion for nearly half of the
stadinm. During that time it is said to be atvacheate. After eclosion the only
suggestion of a respivatory system is a tiny pair of tracheal trunks, This eon-
dition has been found with only one other eneyetid, Anarhopus sydncyensis
Timb.

Zarhopalus corvinug (Gir.)
This primary parasite of mealybues has an nnmodified ovarian egg. The bulb
is almost spherieal in outline, There is no thickening of the apex. The neck is
notably short and the structure of the chorion differs in no way from that of
the rest of the egg. The main body is as wide as the bulb but one-third again as
Il‘-]l;.". The hllit!'l-l_‘ IS more or less u\'.‘i], resardless of aspect, The eoes of a .‘-'-iT'I;.'{h"
female differed shehtly in size and shape, The averase measurements were
approximately as follows: length of bulb, 0.15 wm. ; width of bulb, 0.1 mm.:
length of neck, 0.021 mm. ; length of ege, 0.22 mm.; width of ez, 0,098 mm.

All stages were investigated by Clausen (1924). The deposited egz was
noted to be free-floating within the body of the mealybug host. The bulb part
of the ovarian egg was collapsed after deposition and w;m{u-v:te-:imu;li}' chserv-
able as a small irregular protuberance. The larva was of the tailed type, i.e.,
the last segment was prolonged into an appendage which was bent at an ancle
of 30 degrees to the axis of the body. The tracheal system appeared to be
apneustic. ;

Miseellaneous
A number of speeies could not be adequately investizated but sufficient evi-
dence was secured concerning them to indieate the probable type of eoe and
tracheal system in each. The following species probably have banded eggs
and metapneustic larvae :

Chaleaspis phenacoeei ( Ashm.) Metaphycus fuseipennis (How,)
Encyrtus californicus (Gir.) Metaphycus lecanii (How,)
Habrolepis rowri Comp, Metaphycus similis (Timb.)
Leptomastic dactylopii How. Metaphyeus spp.

Metaphycus eruptor (How,) Ooencyrius sp.

The following species are likely to have unbanded ezas and apneustic larvae :

Botlriencyrtus sp. Chrysopophagus amplicornis (Gahan)
Cheiloneurus lincascapus Gahan Cirvhiencyrtus ehrhorud ( Timb,)
Chrysoplafycerns ferrisi Timb. Diversinervus smithi® Comp.
Chrysoplatyeerus splendens How, ITomalotylus spp.

“ | Diversinervis smithi deposits unbanded eggs entirely within the central nerve ganglion
of the black seale, Saissetia oleac. As many as 25 eggs may be deposited in one host. The
first instar larvae is unigque in possessing a pair of large, thin-walled cephalic vesicles, Tt
lacks a tail. The first larval molt is inhibited until the host is pravid. 8. E.F, |
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SUMMARY

The Eneyrtidae are a large family of minute parasitic [Hymenoptera that
most frequently attack such insects as mealvbues and scales, Nearly all the
speetes of this family pass the entire developmental period within the host.
The structure and behavior of certain primary larvae of the Encyrtidae are
correlated with a respiratory modification of the egeshell, the aeroscopic
plate, or band.

Correlating factors ave: (1) the presence of air within the aeroscopic plate,
(2) the position of the larval spiracles with respeet to the aeroscopic plate,
(3) the closed lumen of the ege stalk, (4) the course of stained oils in the
aeroscopie plate and larval tracheae, and (5) the association between banded
and unbanded egges and open and elosed tracheal systems.

The ovarian egg consists of two ovoid bodies connected by a narrow tube,
One body serves as a reservoir for the contents of the other as the ege passes
down the ovipositor. The entire contents of the egg remain in the posterior
body when oviposition is eompleted.

On the basis of structure the eges are of three types; unbanded, banded,
and intermediate. An unbanded egg has a smooth shell, with no modifications,
and is always placed wholly within or without the host. A banded egg has a
shell of intricate strueture, One side of the connecting neck and an elongate
area on the egg proper appear to have a eell-like composition. This band or
plate differs among species but is constant within each species. In the process
of deposition the banded egg is placed so that the neck projeets from the host's
body. The band invariably has the appearanece of containing air. Intermediate
egas lack very complex shells but possess thickenings or modifications which,
in varying degrees, are suggestive of bands. These are also placed so that the
neck extends from the body. The morphological differences exhibited by the
three types of eggs are of value in generie and specific differentiations,

The larvae of the primary stages may be placed in two catezories on the
basis of the respiratory structures—those with closed systems of tracheae and
those with tracheal systems bearing two, rarely four, eandal spiracles. Larvae
that hatch from eggs of the intermediate and unbanded types are apneustie,
and usually lie eompletely free within the hosts. Metapneustie larvae hateh
from banded eggs only and remain partly enclosed posteriorly by shell so
that the spiracles are in position to gain eontact with the air-bearing strue-
tures on the egg proper,

Larvae, with or without spiracles, may obtain oxygen from the blood of the
host by osmosis. It has heretofore been assumed that those with spiracles
utilized atmospherie air passing throngh the lnmen of the neek of their ege-
shells. Evidence is given which indicates that this is not correct and that the
band structures in the wall of the neck provide means whereby atmospherie
air is directly eonveyed to the larvae. The supply of oxyvgen obtained by this
means 18 necessary for the complete development of metapneustie larvae,

The respiratory adaptations of sixty-seven species of Encyrtidae are dis-
cussed in some detail, Twenty species are mentioned briefly.



Maple: Encyrtidac and Their Adaptations for Respiration 117

ACENOWLEDGMENTS

I wish to express my most sincere appreciation to Professor Harry 5. Smith
for his guidanee and unfailinge interest: to Professors 1. .J. Quavle and 15, O,
Essig for helpful sugoestions and for reviewinge the manuseript : to My, Harold
Compere and Mr, PP, 1. Timberlake for the many identifications; to Dr. D, W,
Clancy and Mr. Compere for the loan of notes and drawings; to Dr, 5. 1.
Flanders for his valuable eriticisms; and to my fellow students who have
contributed in various ways to this work.






.”H,rn'r s Encyrtidae and Their .-li.l'f.i;a.fuﬂ'i'.r.lux far Ri ”rf.."rj'lrilulf 1149

LITERATURE CITED
Craxery, D, W,
1034, The biology of Telracnemus pretiosus Timberlake., Univ, Calif, Pabl, Eatom.,
Gz 231-248, 5 fips,
1946, The inseet parasites of the Chrysopidae (Neuroptera). Univ. Calif. Publ. Entom.,
7 030G, 40 figs,
Cravsen, C. P,
1924, The parasites of Psendocorens maritimas (Ehrhorn) in California, Part 11:
Diologieal studies and 1ife histories. Univ, Calif. Publ. Entom., 3: 253-203, 4 figs.
1832, The biology of Encyrius infidus Rossi, a parasite of Lecanium Ennocnsis Kuw,
( Hymen.) Ann, Entom. Soe, Amer,, 25: 670-687, 1 pl.

CouPERE, 11,
1924, A preliminary report on the parasitic enemies of the eitricola seale, Coccus psendo.
magnoliarem ( Kuwana), with deseriptions of two new chaleidoid parasites, Tiull,
So, Calif. Aead. Sei,, 23; 113-123, 6 igs.
1925, New chaleidoid (Hymenopterous) parasites and hyperparasites of the black seale,
Saissetia oleae Bernard, Univ. Calif. Publ. Entom., 3: 205-327, pls. 20-26.
1431a. The African speeies of Bacoanusia, an eneyrtid genus of hyperparasites (Hyme-
noptera ). Univ. Calif. Publ. Entom,, 5: 257-264, 3 figs,

19315, A revision of the genus Diversinervus Silvestri, encyriid parasites of coceids {Hy-
menoptera )y, Univ, Calif, Pubi. Entom., 5: 233-2435, 3 figs.

1840, Parasites of the black seale, Saisselia oleae, in Africa. Hilgardia, 13: 387—425
7 figs.

Coumperg, H., and 8, E. PLANDERS
1034, cAnarhopus sydneyensis Timb., an eneyrtid parasite of Pseudococeuns longispinus
{Targ.) recently introdueed into California from Australia. Jour. Econ. Entom.,
27: 966073, figs. 103-104.

Coxpere, 1., and H. 8. SyiTH
1927, Notes on the life-history of two oriemntal chaleidoid parasites of Chrysomphalus,
Univ. Calif. Publ. Entom., 4: 63-73, 13 figs,

DEBAacH, PATL
193%, Miealerys titiani Gir,, An egg predator of Lecanium corni Bouche, Jour, Eeon.
Entom., 32 T28,

EueLETON, A. L.
1904, On the anatomy and development of Comys infeliz Embleton, a hymenopterous
paragite of Lecanium hemisphaericum. Trams, Linn. Soe. Zool. (London), 9:
231-254, 2 pls,

Fraxpers, BTAaNLEY 2.
1942a. Metaplycus helvolus, an encyrtid parasite of the black scale. Jour. Econ, Entom.,
aa 1 G00-608, 2 figs.
142k, Gosorption and ovulation in relation to oviposition in the parasitic Hymenoptera.
Ann, Entom. Soe. Amer., 35: 251-266, 3 pls., 11 figs.

GovrLay, E. 8,
1935, Parasites of the golden oak seale. The establishment in New Zealand of Habro-
lepis dalmanni Westw, N, Z, Sci. Tech,, 16: 216-235, 9 figs,

GriswoLb, Grace H.
1929, On the bionomies of a primary parasite and of two hyperparasites of the geranium
aphis, Ann. Entom. Soe. Amer.,, 22: 438457, 3 figs., 3 pls.



120 Universily of California Publications in Entomology

Howakp, L. O., and W, F. Fiske
131 The importation into the United States of the parasites of the gypsy moth and the
brown-tail moth. U. 8, Dept. Agr. Bur. Entom, Bull,, 91: 1-344, 74 figs., 28 Pls.

Inmg, A, I
1918, Observations on the inseet parasites of some Coecidae, 11, On chaleid parasites
of Lecanivm capreae. Quart, Jour, Micros. Sei, 63 200-374, 34 figs,

[snn, T.

1923, Observations on the hymenopterous parasites of Ceroplastes rubens, Mask., with
deseriptions of new genera and species of the subfamily Eneyrtinae, Dept. Agr.
and Comm. Japan Imp, Plant Quar. Sta, Bull,, 3: i9-114, 5 pls.

1932, The Eneyrtinae of Japan, I1. Studies on morphelogy and biology, Nishigahara
Agr. Exp. Sta. Bull,, 3: 161-202, 8 pls.

LiaxGERON, M,
1934, Préeis de Microscopie. 5th ed. Paris, Masson et Cie., 1205 pp., 365 figs.
LE PeLLEY, R. H.

1837, Notes on the life-history of Cheiloneurus noxius, Compere (Hym.). Bull. Entom.
Res., 28: 181-183, 1 fig.

MarLg, Joax D.
1837, The biology of Odencyrius johnsoni ( Howard) and the role of the epg shell in the
respiration of eertain encyrtid larvae (Hymenoptera). Ann. Entom, Soc. Amer.,
S00: 123-154, 9 figs.

Mryers, J. G.
1930. Carabunia myersi, Watrst. (Hym., Eneyrtidae), a parasite of nymphal frog-
hoppers (Hom., Cercopidae). Bull. Entom, Res., 21: 341-351, 1 fig.

Parker, D. L.
1933. The inter-relations of two hymenopterous egg parasites of the gypsy moth Por-
thetria dispar L., with notes on the larval instars of each. Jour. Agr. Res., 46:
23-34, 6 figs.

Parker, H. L.
1924, Reeherehes sur les formes postembryonnaires des ehaleidiens. Ann. Soc. Entom.
de France, 93: 261-379, 39 pls.

Pargeg, H. L., and W. R. THoMPSON
1925, Notes on the larvae of Chaleidoidea. Ann, Entom. Soc. Amer., 18: 384-395,
pls. 26-28.

SILVESTRI, F.
1908. Contribuzioni alla conoscenza biologiea degli Tmmenotieri parassiti, II-1V. Bol.
Lab. Zool. Portiei, 3: 20=79, 30 figs., 2 pls,
1919, Contribuzioni alla conoseenza degli insetti dannosi e dei loro simbionti. IV. La
coceiniglia del prugne (Sphaerolecanium prunastri Fonse.) V. La cocciniglia del
noceinolo (Eulceanium coryli L.). Bol. Lab. Zool. Portiei, 13: 70-192, 72 figs.

sSarH, H. 5.
1917. On the life-history and sueecssful introduction into the TUnited States of the
Sicilian mealy-bug parasite. Jour. Econ. Entom., 10: 262-268, 5 figs., 2 pls.

SaITH, H. 5, and H. CouPERE
1920, The life-history and suecessful introduetion into California of the black scale
parasite, Aphyeus lownsburyi How. Calif. State Dept. Agr. Mo. Bull, 9; 310-
320, 5 figs.
1928, A preliminary report on the insect parasites of the black scale, Saissetia oleae
( Bern. ). Univ. Calif. Publ. Entom., 4: 231=-334, 62 figs.



Maple: Encyrtidae and Thetr Adaplations for Respivation 121

Tavror, T. H. C.
1935, The campaign agninst Adspidiofus destrwefor Sign. in Fij, Bull, FEotom, 1.,
26y 1=102, 40 figs.
THokPE, W. .
1936, Onm a new type of respiratory interrelation between an inseet (ehaleid) parasite
gl its host {Coeeidae ), l','|r;|!ii'|l|l:1g_'l.'1‘.‘-ii: 51:—-‘1'1“,::'1' [if_{.ﬁ'.

TiMBERLAKE, . T1.
1913, ]h-._-lim,i“,-“-_w,- report on the Imr_.mi“-,.; aof Cocrus Frr.-qlr'l'-'dlmr im California. Jour.
Econ, Entom., 6: 2983-303.

Viereck, H. L.
1915, Notes on the life history of a giu-riou of u‘mﬁplik{" parasites of the genuos Leplo-
mastir, parasitic on the mealybug, Calif. State Comm. Hort. Monthly DBull., 4:
208=211, 3 figs.



| A

Uiwiversity of California Publications in Entamaology

SYMBOLS USED IN FIGURES

ale = air hubhle
ae = anterior commissure
i = band or acroseopic plate
b= hulh
¢ =erlls
eoi = conglomeration of host material
on = g proper
o = exterior eonglomeration of liost material {melanized)
fa = foregul
Fm = food material
in = integument of host
k= collar
I= lip
i = mandibles
ms = melanized stalk
pi = posterior commissure
n =neek (also stalk)
p = plug in lnumen of stalk
rp = “respiratory plug” of Silvestri
rs = remunant of neek
# = portion extending exterior to host
sh = persistent shell of parasite egg
sp = spiracles
spr =spiraclar region
tra = trachene
it = thickened wall
v =yolk
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