Studies
on
Hymenopteran Parasitism
of

Drosophilsa

Theslis
by

Robert D Boche

In Partial Fulfillment of the Requirements for the
Degree of Doctor of Philosophy,
Californis Institute of Technology,

Pasadena, Californisa,

1338



A
B.
Ce

Table of Contents

Introduction: Parasites of Drosophila
Taxonomy and description of Eucoila drosophilaekKieff.
Li fe History (figures)

Development in & customary host

" in mutant races

! " other speciles
Immunity to parasgitism
Superparasitism

Host Selection



Studies on Hymenopteran Parasitism of Drosophile

Flies of the genus Drosophila are subject to attack by a
number of parasitic forms. Sturtevant (1821) hes listed records
of parasitism by protozoa (Leptomonas), fungi (Mularia and
Stigmatomyces), nematodes, mites and various hymenoptera.
According to Sturtevant, Perkins (1913) has bred at least
five species of hymenoptera, belonging to the proctotrupoid,
cynipoid and chalecidoid groups, upon Drosophiline flies.

H.S. Smith has bred an unldentified proctotrupoid and a
chaleldoid, Pachycrepoideus dubius Ashmead®* from both
Drosophila melanogaster arml D. hydei. Kieffer (1913) has
described three species of hymenoptera from Africa collected

by Silvestri and stated by him to be parasitic on Drosophila,
species not given. They are Trichopria (Blanopria) rhopalica
(Diepriidse), Ashmeadopria drosophilae (Bispriidae), and the
insect which forms the subject matter of the present investiga-
tion, Eucolla drosophilese (Figitidae).

There are in addition a number of predacious enemies
among wasps, spiders, flles and beetles.

The present account is concerned with parasitism of various
species of Drosophila by Eucoila drosophilae Kieff. The wasps
were found by Dr. W. P. Spencer who exposed traps in an
effort to collect Drosophila at Long Lake, Ohio, in Sept. 1934.
Drosophlila larvae from the trap gave a largze number of pupae
from which wasps emerged in considerable proportions. Since
that time stocks have been maintained in culture on Drosophih
melanogaster,

# Psyche 17: 112: 1910



Systematic Position

Class: Insecta
Order: Hymenoptera
Superfamilys Cynipoldea
Family: Figitidae
Subfamily: Eucollinae
Genus: Eucolla

Species: drosophilae

I am indebted to Dr. A.C. Kinsey for information to the
effect that the present object of investigation was Eucoila
drosophilae Kieff. The type material has not been seen but
the published description fits very well. The present insect
is readily distinguishable from all the type material I have
seen which comprise 14 species from North, South and Central
America, esll described by Kieffer (1907).

The following description is given by Kieffer (1913).

Eucoila drosophilae n.spe.

Female: Noir, brillant et lisse; antennes, hanches et
pattes jesunes, sbdomen brun noir, extremite posterleure
brun roux. Antennes ée 17 articles, avec une massue peu
distincte de 7 articles; 3° article plus long gue le 29,
3--6 subcylindricues, au moins de moftie plus long que
gros,; sens aretes, 7--12 un peu allonges, a 4 aretes
sensor¥elles partant de la base de chagne article cqu'elles
depassent a peine, 13° article,-ellipsoidal, un peu plus gros
que les precedents, carene obliquement dans sa moitie distale.

Cupule presque plane ellipsoidale, sans enfoncement distincte



Alles hyalines, cellule radlale fermee, 2 fols aussi longue
que large, 1° partie du radiusarque, 3 fols aussl longue que
la 3° partie de la sous-costale, a peine plus courte que la
2% partie du radius, qui est arquee en sens inverse, cubitus
nul dens sa moitle proximele, blen margue dans sa moltle
distale. Abdomen comprime, ceinture peu distincte. Long.

1.5 mm - Guinea francais: Konakry, paraslte de Drosophlla
(8ilvestri).

Some details are shown in figures l1--4,

Geographical Distribution

Members of the genus Fucoila apparently have a rather wide
distribution. I have examined specimens from Brazil, Nicaragua,
Cuba, Mexico, California, Wisconsin, and Pennsylvania., Cresson
(1865) has described two species from Cuba, Ashmead (1900)
records ten different species from the West Indies and Vieréek
(1906) desecribes species fromTexas (Galveston) and Arizona
(Cak Creek Canyon, 6,000 ft.) and three species from Connecticut
(1910).

von Ibering has described a new specles from Brazil (1914)
and one from Kostroma, U.S.S.R., (1927). Hedicke has described
new forms from New Pomerania, (2 spp.n.), (1922); end two from
Stavropol, U.S.S.R. (1928); one from Argentina (1924); one fram
Frence (1928); and one each from Syracuse,(Sicily), Tunis, and
Germany (1928). No host records are given for this material.

P.H. Timberlske informs me that members of the genus
Eucolla are extremely abundant in the islands of the Hawasilan

groupe phis list makes it clear that the genus is cosmopolitana



Fig. 1 Adult male
of Fucolla drosophilae

(X17)

Fig. 1I Adilt female
of E. drosophilse

{ X 17)
Note distinet sexuel

dimorphism
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Photograph showing venation of fore wing

Fig. III
(X 35)

Male (left) and femsle entennae

Fig, IV M
(X 35)



Records for Eucoila drosophilee are so far limited to French

Guinea and Ohilo.

Life History

The reproductive system of the female Eucoila drosophilee
is shown in Flg. 5. Fertllization probably takes place in the
common oviduct near the site of the receptacle (Fig. 5.4). The
function of the gland (5B) end resevoir (5C) are unknown; they
are usually referred to as acid glands. The resevoir (5C) is
probably HJomologous to the resevoir figured by James (19283 fig.
4, p. 298).James refers to this structure as an "acid gland
resevoir" in Figites anthomyiarum but its contents argASQ-w
alkaline in Eucoila drosophilse. This may be shown by dissecting
the resevoir out in citrate phosphate buffer, pH 6.0 and placing
it with needles on a plece of Nitrazine test paper (Squibb).
The dry paper is ollve green in color. A minute drop of buffer
PH 640 makes a distinet yellow spot. A drop of buffer pH 7.0
causes a distinet blue spot. The paper is sensitive to 1/10,000 N.
acid or base. The macerated gland produces a distinct blue spot
on the olive green paper indicating an approximate pH of 7 or
higher. The resevoir produces the same reaction indicating
that whatever their contents may be there is little free acid.

The ovarian eggs all mature at about the same time; there
is very little nurse cell tissue evident in the adult ovary.
Detalled studiecs are at hand on the reprodud%tive systems and
morphology of true gall wasps which resemble Fucoila drosophilae
rather closely. Fruhauf (1924) has figured the reproductive

systems and ovipositing apparatus of Biorhigas aptera and

Rhodlites rosae. James (1927) hes published deseriptions of the |/’



Flge V The female reproductive system of

E. drosophilae.,

Fig. VI The ovipositor.
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system,eggs, and larvae of the closely related Figites
anthomyiarum and Kleldotoma marshalli, parasitic on
saprophagous dipteran larvae. They were reared from various
species of Celliphora, Lucllia, Musca and Sarcophaga.

Eucolla females, unlike some of their near figitid
relatives, which are strongly negatively phototropic while
ovipositing, (James, l.c.) may be watched under a binocular
during this operation.

Oviposition takes place only into larvae. Tests with eggs,
larvae, and pupse in mixed dishes show that only larvae are
recognlzed as proper hosts. Larvae just hatched from the egg
are sultable, and paresitism at this early stage does not
result inen appreciable mortality among the host larvae.

Larvae 1ﬁthe second instar may be readlly attacked and the

eggs so0 deposlited glve rise to adults. However parasitism in

the third instar is not common. Such large larvae are apperently
not recognized as suitable hosts. Parasites may, however, attack
them on occaslion. The large Drosophila larva frequently draws
away from the parasite before the ovipositor can be properly
inserted. Such eggs as may be laid usually undergo degeneration,
though not until considerable development of the embryo has
occurred.

Eucolla females once induced to commence oviposition by
exposure to a fermenting medium, find their hosts by patient
and rapid exploration with the ovipositor. Cracks and holes in
the medium are faevorite sites for exploration; tle y often push
the ovipositor several millimeters down into the food in

search of hosts. For the most part, the ovipositor is the only
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part of the parasite that comes in contact with the host larvaa.
If the larva is on the surface and is fairly large the feet
may aild In holding the larva within range. These observations
essume the existence in the ovipositor of a suitable sensory
system capable of deteeting proper hosts. PFig. 6.

¥hen the ovipositor comes in contact with a Drosophila
larva the female raises the gbdomen and extends tle ovipositor
to 1ts full length. Actual drilling is quickly accomplished.
This ppocess occupies two or three seconds at most. No
particular slte on the larva seems to be preferred. Any site
which brings the ovipositor into the haemocele appears sultable.
The total time occupied by the process from insertion to with-
drawal of the ovipositor 1s shown for a series of cases timed
with a stop watch.

Table 1.

Times (in sees.) reculred to oviposit in larvae of D. melanogaster.

17 .4 19.4
22.0 14.8
20.0 15.4
18,0 17.0
22.4 20,2
25.4 12.2
2040

18,7 secs. average.
The whole process tlen occuples approximately 19 seconds. Upon
withdrawal of the ovipositor the parasite remains quiescent far
a period of four to seven seconds and then continues the search
for hostss The overall efficlency of this process for a density

of fifty hosts per square inch is about 25 ovipositions per
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hour. No very conspicuous reaction is manifest on the part of
the host just parasitized. Large larvae, difficult to para-
sitize, may at times be observed to become less active nfter
the ovipositor has been inserted a few seconds, The host, if
handled, appears somewhat flaccid, though is still capable

of some movement. No very profound paralysis results.

Development 3 The ovarian <gg is shown in Fig 7. It varles

comewhat insize and in the relative proportions of ooplasm
and flilament, The egg 1s approximately 0.036 mm. in thickness,
which 1s almost twice the outside diemeter of the ovipositor.
It must, then, undergo considerable compression during passage
down the ovipositor. It is very elastic, for it can be stretched
with blunt needles more than three times its normal length
without tearing. The egg on entering the host's haemolymph
begine to throw off a membrane which covers the entire egg
with the exception of the fl 1ament. See Fig. 8. This process
takes place very quickly and 1s usually complete within 1 1/2
minutes after withdrawel of the ovipositor., I have been able
to witness this only when the process was about two thirds
complete as some 50 seconds are recuired to get the larva
dissected and on the stage of the microscope. Membrane forma-
tion is usually complete at the anterior end of the egg first.
The factors causing the egg to form thls membrane under
natural conditions are not clear. The early work by Tichomiroff
(1902), who founmd that sulphuric acid could sctivate the silk
worm egg suggested the study of pH. Analogy with the fertlliza-

tion membrane of marine eggs suggested experiments on the

effects of osmotlc pressure. ghe following observations and
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Fig. VII Overian egg dissected in Ringers.
(X 35)

Fig. VIII (Qverian eggs after treatment with
distilled water. (X 35)
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experiments were undertaken to elucidate thlis guestion.

The ovarlian egg dissected out in approximately isotonic
saline (0.127 molal) does not form a membrane but soon loses
1ts clear opalescence, turns brown. The egg dissected out
in the blood of Drosophila does not form a membrane. If,
however these eggs are treated with distilled water or acild
a conslderable proportion throw off typical membranes. Thils
structure appears first as apubble-like protrusion at the
verlphery. Growing larger it extends to include the whole egg
excent the pedicel. Fig. 8 shows such an sctivated egg. Thus
two factors appear able to initiate membrane fOrmationﬁ, pH
and osmotic pressure. These two factors were investigated ene
et a time whlle the other was controlled. The pH of the blood
of the mature larvae of Drosophila melanogaster was measured
(in collaboration with Dr. John B. Buck) by means of the
Beckman micro gless electrode. Four determinations gave 6.79,
6480, 6.84, and 6.80, average value 6,81.

A citrate phosrthate buffer system was made up from 0,127
molal cltric aclid amd 0.127 molal KgHPO4. Portions of these
were mixed amd adjusted to pH 8.8 with the glass electrode.
This solution was diluted 131, 1:3, and 1:10 wilth freshly
distilled water and the pH readjusted toc 6.8. Groups of young
female Eucolla were dissected in these solutions and after 10
minutes the eggs were counted and classified for membrane

formation. Below are the results.
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Table 2.

Effect of lowering osmotic pressure on membrane formation. pH 6.8

No. eggs No. eggs No. eggs
without partial complete
membranes membranes membranes
0.127 m. buffer 41 o 0
dil 1:1 dist. water 25 4 0
dil 1:3 dist. water 38 16 14
dil 1:10 dist. water 56 37 37
distllled water 19 64 39

Thus lowering the osmotic pressure has a decided influence
on membrane formation though some eggs resist activation
completelye.

The effect of changing the pH while keeping the osmotic
pressure approximately constant was next investigated. 0,127
molal citric ascid has a pH of 2.2; that of 0.127 molal
KoHPO, 1s about 8.7. These were mixed 1n various proportions
to give intermedlate pH values and adjusted with the aid of
the glass electrode. Ovarian eggs were dissected out in these
medls and after 10 minutes counts made on membranes formed,

Teble 3.

Effect of pH on membrane formation at constant osmotic pressure,

pH No. eggs without No. eggs No. eggs

membranes partial complete

membranes membranes
2.2 2 3 36
3.0 2 17 21
4.0 8 27 1
5.0 29 20 0
6.8 41 1 0O
8.5 52 6 0
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If the ovarian eggs are treated for five minutes with
distilled water and then transferred to three cc of buffer
PH 8.5 the membranes persist. If a few milligrams of pure
crystalline trypsin (Northrop) are added the membranes
collapse within two minutes and are apparently digested in
the course of some hours. In control experiments without
trypsin the eggs dle but the membranes persist. This indicates
that protein is an important constituent of the membrane.

Most of the eggs which respond to osmotic pressure &nd
pH changes by membrane formation show signs of degeneration
after fifteen minutes indicating that the treatment 1s rather
drastic.

Attempts to make the activeted eggs develop by injecting
them into the body cavities of second instar larvae have so
far not succeeded. They may be found dead in the haemocele
efter twelve hours. No development was visible in twenty two
trials although they mey have been damaged by over exposure
to distilled water.

Mention has been made of the compression to which eggs
are subjected in passing down the ovipositor. In W ew of the
results of massaging the silk worm egg (Tichomiroff et al.),
it is possible that the stimulus to membrane formation under
naturel conditions arkises from passage through the ovipositore

Thls membrane formation is probably not of general
occurrence among Cynipidae since it has apparently not been
seen before by others working on parasitic cynipids.

We shall next sketch in outline, the general features in

the ensuing 1ife history for reference in abnormal situations.
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Approximately 100 young Drosophila larvee, 6 hours old,
were subjected to parasitism by a single female parasite. She
was watched until she had mesde fifty ovipositions. Each larva
was removed Ilmmediately after oviposition had occurred and
placed in a vial with food. One vial was used for all the larvae
perasitized within atwenty minute interval; a fresh vial for
those parasitized 1n\the next twenty minute Interval etc.

The time limits were then marked, and the whole left at

22 C. At Intervals 5 or 6 larvee were dissected, the living
embryos therein examined and photographs taken of typical
specimense.

A series of larvae dissected between 1 and 4 hours after
oviposition showed no marked changes. Desplte the fact that
the egg conteins & very small amount of yolk, no polar body
formation has been seen. Cleavage first becomes clearly evident
at about 6 hours after oviposition. Fig. #° shows an egg in
the cleavage stage 8 hours after oviposition. Cleavage continues
rapidly and at sixteen hours the blastoderm is cleably formed.
The pole cells which form at the posterior end of the embryo,
and whichby analogy with other insects probably d ve rise to
the germ cells, may be seen 1n fig. 10.

Between 16 and 20 hours the embryo does not change greatly
in appearence. The pole cells may still be seen at the posterior
end. The blastoderm which was seen as & slngle layer of cells
at 16 hours, at 20 hours appears to have undergone conslderable
thickening.

At 28 hours the proctadaeal invagilnation has been completed,
the pole cells have disappeared. The proctadaeum may be faintly

Seen.
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Pig. IX ZIZgg of Eucoila undergoing cleavage

8 hours after oviposition.

(X 90)

Pig. X Photograph of living embryo 16 hours
after oviposition with blastoderm,
role cells, and egg membrane clearly

visible. (X 107)
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The first signs of segmentation are visible between 32 and
34 hours. The anterior end of the embryo shows a characteristlc
head fold. Fig. 11 shows the appearance =zt 34 hours.Segmenta-
tion continues, the larval head becomes defined, and at 40
hours the caudal appendage negins to form as an outpouching
from the posterior end, ventral to the proctadaeum. At 48 hours
the larva is completely formed inside of the membrane which
has been described previously. At this time the larva 1s moving
feebly. Fig. 12 shows a fully formed motile larva enclosed
in the egg membrane.The cauda is folded under the ventral
surface. The thoracic aprendages may be seen in part. Eclosion
occurs at this time and begins by puncture of the egg membrane
by the mouth parts of the larva. The whole process has not been
cbserved in this form though larvae with only a portionof
the head extruded have been seen. James (l.c.) 1s of the
opinion that the cauda is of material assistance in eclosion
from the egg (Cothonaspis rapae).

The primary larva of Rucoila drosophilae 1s typically
eucolliform and very similar in appearance to those flgured
by Keilen and Pluvinel (1913) for Eucoila,keilini (parasite
of Pegomyia winthemi) and Jsmes for Kleidotoma marshalli.
The larva has ten segments exclusive of hesd and cauda. The
first three (thoracic) segrments are equipped with pairs of
zprendages.

The surface, of which mention will be made later, 1is
waxy or llipophilic. The larva lies free in the host's
heemolymph and may be found in very different situations.
Its food at thils stage 1s haemolymph. Fig. 13 shows a rhoto-

graph of a living parasite tsken through the body wall of a
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Flg. XI 34 hour old living embryo showing
the beginnings of segmentastion and

& characteristic head fold. (X 140)

Fige XII Fully developed motile larvse ready
to hateh from the egg membrene, 48
hours o0ld, The cesuda is folded along
the ventral surface. Two thoracie

procesces ere visible.
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mature Drosophila larva.

At the time of eclosion the parasite larva is sbout 0.35 mm
long exclusive of cauda. In the course of two days considerable
growth occurs and by the time the Drosophlla larva pupates
the parasite has doubled 1ts slize. The gut contents become
yellow, the thoracic processes disappear and the cauda becomes
progressively shorter. Fig. 14 shows the parasite larvae 4 1/2
days after oviposition. Parasitized and unparasitized
Drosophila larvae of the same age pupate at the same time.

At 6 1/2 days of age (1 1/2 days after Drosophila pupation)
paraslte larva has become a typical hymenopterous grub with
mandibles but with no appendages of any kind. Fig. 15 shows
this form.

The parasitized Drosophila larva has up to this time
proceeded in 1its usual pattern of development. It has passed
through histolysis,the imaglinel discs are forming the surface
of the body including the eyes, leg and wing rudiments. At
about this stage the grub emerges through the body wall and
feeds upon the newly formed hypoderm. The internal structures
for the most part have been entirely consumed. The remains of
a few trachael shreds, some fat body and fragments of the
malplghian tubules may occasionally be seen. The eyes do not
form pigment. The grub consumes the remainder of the
drosophila pupa inthe ensuing four days and by the eleventh
day pupates within the drosophila pups case and commences 1ts
own metamorphosis. If removed at this time by careful dissectlion
it will continue to develop. The eyes are well formed and have

pigment by the 15th day. The black eye color develops
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XIII Photogreph taken through the body wall of
g lsrge Drosophila larva§, The head and
cauda and s number of segments can be clearly

seen. The 1arva§ is not attached.

Fig. XIV Four and one half day old pserssite

lervag, 0.7 mm long.
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Fig. XV Large Fucolle grub,
Note fcod in gut.
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first as a light red pigment which gradually darkens. The body
becomes black by the 17th day.

Within the pupa case it becomes oriented with 1ts head in
the anterior end of the pupa case and turned slightly on its
longitudinal axis.(?achycrepoidius dubius (p 1l.) does not
orient itself within the pupa case. I have observed that
approximately 50 per cent. of the insects of this form come to
lie with their heads in the posterior end of tle pupa caseQ

The BEucolla drosophilae males hatch from the pupa case
on the 19th day and females on the 20th. Mating ocecurs almost
lmmediately and oviposition may proceed without appreciable
ageing of the females. Femeles isoleted before hatching
produce only males. If females are produced thelytokously
they are rare. The adults live less than three weeks at
crdinary temperatures. Thus generations do not overlap one
enother.

The esbove descrirption of the 1life history i1s based on
observations in the Florida wild type strein of Drosophila
melanogester. A study was next made of bhe reactlon of varlous
matant races to these parasites.

Development in Mutant Races

¥utant genes whicech alter the morphology and physiology
such as dwarf, glant, and minutes were investigated together
with many others in the hope that these differences might
affect the susceptibility to parasitism. This expectation has
not been realized and the results thereof though occupylng
considerable detail will be reported briefly.

In general for the preliminary survey eight female and flve

male adult parasites were placed with the flies being tested



23

in the reguler culture bottles. ¥When larvae began to pupate,
a series of fifteen to twenty of various sizes were dissected
to ascertain whether oviposition and development were
proceeding in the usual way.'hen flies had hatched they were
classified and counted; adult parasites were recorded at =
later date.

In this way the parasites were successfully grown on the
following stocks:

M/cel gt w2/gt bb

My/czel fes at/Cy, a1 1t 1.? sp®
bb 1 36el6/Cy hom 3

1h B car Ih/&zwaec £ 'xx X'ple

Inv. st , st¥dw all

chubby rucuca

The two minutes, bobbed,and late hateching are characterized
by having 1life cycles slightly longer then the normal. They
are nevertheless completely susceptible hosts. The late
hatching attached - X stocks produced 316 parasites of both

a

sexes, 13 B males, 11 yew ec £ females, no superfemales.

3 females with yellow malpighian tubules, hence superfemales,
were lsolated wi:; larvae; gave, 2 male and one female adult
parasites. The tests of dwarf, chubby,and gl ant, which have
rather extreme morphological differences from wild type
showed that these stocks nevertheless behave 1 n the sam? waye.
Thils was true of the female sterile stock, the females of which
have rudimentary ovaries. The stock 136el6/Cy 1s a2 balanced
stock; both homozygous second chromesomes are lethal in the

pupal stage. In two experiments, a total of 166 parasites of

both sexes, 20 Cy males and 27 Cy females were produced.
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25 pupae isolated gave 3 Cy females, 2 Cy males, and 19
paerasites. This indicates that pupae which are unable to
become adults nevertheless are satisfactory hosts for complete
wasp development,

It appears that the mere piling up of mutant genes in a
fly does not prevent the wasp's development, Thls has been
demonstrated with three stocks each of which contein =
number of mutant characters. The wasps develop to maturity
on the Xple stock containing: scute, bifid, eosin, echinus,
ruby, and ten in the X chromosome; likewise on the second
chromosome stock "all"™ containing the mutunt genes
aristaless,dumpy, black, pupple, curved, plexus, and
speck; and on the third chromosome mutant stcck "rucuca
contalning the genes roughoid, hairy, thread, scarlet, curled,
striped, sooty, and claret.

There 1s no a priori reason why genes which would serve
to protect the fly should be expected to occur in a mutant
atock rather than in s willd one.Accordingly the following
melenogaster wild stocks were tested but were found to behave
like Florida wild type: Swedish-B, Swedish-C, Oregon-R,
Calif.-C, Idaho Fells, and Painted Canyone.

Parasitism of Other Species of Drosophila.
The course of events in parasitism of other species of
Drosophila was investigated in some detail. Many were found
to be completely susceptible, others regularly immne,while
some were found to be partially susceptible. There appears to
be no distinct correlation between susceptibility and taxonomic

affinity. There are numbers of each of the two common drosophila
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subgroups among the immune, susceptible, amd partially lmmune
species, This may be seen from the following list in which
the letters F-1 and F-2 are placed after the name to indicate
whether the species is more closely related to Drosophila
melanogaster (the yellowish or reddish species) or to D.
affinis (the blackish or greyish speciles). One of the lmmune
forms, D, busckii, is not closely related to either, belonging

to quite another group (E).

Completely Susceptible
D. pseudcoobscura F-2 Race A (Texas)
D. pseudoobscura F-2 Race B (Santa Lucla)
D. hydeil (true hydel) F-2
D. duncani F-1
D. funebris F-1
D. robusta (st) PFP-2
D. affinis P-2
D. virilis F-2
D, repleta F-2

D, immicrans F-1

Partially Susceptible
D. montium F-1 (Formosa)
D, nullerl F-2
D, ananassae F=-1
Mutants: scute
forked cardinal

reduced
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Completely Imrmne
D. takehashii F-1
D, bipectinata F-1
D. ananassae F-1
Wild streinss Texas
Formosa
Yucatan
Tuscaloosa
Mutants: white Beadex
D, busckii E
De melanica F=-2
s

To the list of suscepti&ble specieg may be added
Dy simulens P-l. I have not studied the species, but
Dr. %, P. Spencer informs me that the parasites will develop
on this as a host. Tests on D. immigrans have not been very
satlsfactory because of the tendency of this speciles to over-
populate the cultures. This results in a considerable mortality
in the pupal stage. Many isclated pupae prodiced neither
flies nor wasps. However the parasite has been grown in
small numbers on thim specles. The heavy mortality is thought
to be due to the overcrowding and not to the parasitism,
al though thls is not certain.

Drosophila rulleri and D. montium have been listed as
partially susceptible becesuse it has not been possible to grow
the wasps on these stocks with any marked suceess,although
the incidence of parasitism, has been shown by dissectlons,

to have been reasonably high,

Of twelve cultures of D.mlleri subjected to parasites
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(8 females and 5 males) only three produced any wasps and
these in small numbers, although numerous adult flies
appeared. Thus culture 2510 was made up with 8 female and

8 male flies. 8 female and 5 male parasites were introduced.
Dissection showed 7 out of 10 larvae to contein living
perasites. Yet 67 females agd 55 male flies hatched and

only 4 females and 1 male wasps. A selection effect was tested
for by exposing some of these flles to the five wasps. Fifteen
larvae gave nine parasites on dissection, but 50 flies hatched
(semes approximately equal) and only 1 female parasite. In

the next generation only flles were produced. The cause of
this anemaly is not known,

In D. montium, oviposition 1s normal. Living parasite
larvae may be recovered frd;:instar drosophila larvae. They
cennot be found in pupae after histolysls In asny large
proportion. 0f seven cultures only one produced wasps. It
gave, fliess 68 females and 74 males, waspss: 11 females and
23 males. These wasps were used in an attempt to raise a secomi
generation on this host. Ten montium females and some males
were placed in each of two bottles together with the wasps.

No adult parasites were produced in the next generation.

As in the preceding observation onD.,mlleri, selection
does not seem to avail the parasite of much. If selection
were at weork 1t seems to have been most effective in favoring
the flies (selection for immune individuals rather than
selection of parasite genotypes adapted to these species).

It ;s'difﬁ.cult to visualize how selection can g&#ﬁf mich
af;;ltsince both the flies aml parasites used were rather
highl¥y inbred.
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All the wild strains of D. ananessae are Ilmmune to
parasitism. Tests were made in tl® usual way of several mutant
stocks evellaeble. These were the white Beadex stock from which
no psesrasites were produced in two cultures, and scute, forked
cardinal,and reduced which gave a few adults. The reduced stock
gave 1 femele parasite from two cultures and was not studied
further.

Culture 2520 scute, ananassae, produced 182 flies of
both sexes, 16 female =nd 8 male parasites.

Culture 2521 scute produced 5 female and 2 male
pargslites.

Culture 2522 forked cardinal enanassae produced 213
flies of both sexes, 9 female and 8 male parasites.

Culture 2523 forked cardinal, produced 137 flies, 5
female and 3 male waspse.

Pair matings were made in ettempt to secure a completely
susceptible eneanassae stock. Six single pair cultures of scute
gave 2 cultures conteining wasps, 13 females, 11 males, and
9 females, 12 males. Second generations ralised from these
produced no wesps. Reciprocal hybrids between wild type
(Yucaten) end forked cardinal eerdinal were grown. There
were no wasps among the F,; generation from elther cross
(15 culturee each; single pair matings). Single pairs were
isolated from each of these thirty cultures and exposed
to parasitism. No wasps were procduced. The parents of the
hybrids were takenfrom cultures never exposed to parasitism,

hence were not "seleected" stocks.
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Development in Immne Specl es

It has not so far been possible to ralse the parasites
on D, melanica, D. busckil, D. takehashil, D. bipectinata, or
the willd type strains of D. snanassae. Dissection of approx-
imately 75 larvee per specles showed that oviposition is
normal but that development usually proceeded to a certain
stage and then ceased. Eggs which fall to develop in these
hosts turn brown aml then black. Although melanization of the
parasite embryo makes 1t difficult to ascertain to what stage
development has proceeded before death occurs, these details
can be made out if the embryo is seen while turning brown.

In meny cases these black, melanized, eggs survive end
histolysi;‘:;ﬁ;iy be found in the body cavity or implanted in the
hypoderm of adult flies.

In D. melanica death ususlly occurs within 24 hours
of oviposition. Digsection at this time shows partially devel-
oped embryos beginning to turn brown. The blastoderm can be
made out in most such cases; however a fair proportion (25%)
have aprarently not gone further than cleavage. 4 cases out
of 92 dissections at the time of larval pupation gave black
objects not certainly identified as larvae but which may have
beene.

D. busckili presents the most striking case of active
Immunity which I have seen. Eggs deposited in this host underge
degeneration while cleavage is in process. The eggs turn first
brown then cosl black and mmy be seen through the body wall
of the larva. They retain their characteristic shape with
pedicel intact and lie free in the haemolymphe.

In D. takahashil development proceeds through blastoderm



and pole cell formation, then ceases. The rapid degeneration
makes the determination of the exact stage of death a matter
of some difficulty. No living wasp larvae (hatched) have been
seen in 84 disgections, but in three cases black objects
having the form and dimensions of a larva have been seen,
However no body segments or thoracic appendages could be made
outs.

Development in D. bipectinate is somewhat variable.
Approximately 15% of the embryos undergo degeneration in the
egg stage. (65 dissections). The rest may hatch from the egg
but die without further growth.

Parasite eges deposited in the wild type stralns of D.
enanassae (four were tested) produce larvae which hatch from
the egg. In D, melanogaster the following two days witness a
rapld increase in the size of this larva and the accumulation
in the gut offocd which gives it a bright yellow =ppearence.
In D. snanassae the parasite continues to live but fails to
increase in size, or to take food into the gut. By pupation
time approximately 50% have died but are not absorbed
immedlately. They do not pass through a melanized stage as
do the preceding in which death occurs in the egg. In general
their bodles do not survive histolysis and no trace of

parasitism can be found in the adult fly.

Immunity
There 1s at present no general agreement concerning the

He r"‘-l
importance in the defense reactions of insects to their

parasites. Metalnikov (1907) studied the reslstance of

Galleris melonella to the tubsrcle bacillus and came to the
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conclusion that this immunity was due principally to ingestive
powers of the phagocytes. He was unable to find any evidence
of mntlbodies as they are known in the vertebrates and
concludes (1932) that they are of little importance in
bacterial infections of Galleria.

This conclusion has been reached by numerous observers
working with hymenopteran parasites. Pemberton and Willard
(1218), Hollande (1920), Strickl-nd (1923),Meyer (1926) have
observed and described the encapsulation and destruction of
parasitq eggs by syncytla of host blood cells. This has led
to the #?ﬁéb agssumption onthe part of numerous observers that
phagocytes are the immediate cause of parasite destruction.

Thompson (193C) on the basis of observations of parasites
in unfamiliar hosts concludes that the phagocytes are of
little importance so long as the parasite remains alive.
Phagocytes were observed to gather around dead larvae but never
while they were still living.

Ekstein (1931) has called attention to the formation
of melanin deposlits around foreign bodles, incluliing psrasites,
that have been introduced into the bodies of insects. He is
of the opinion that this is an additional (chemical) defense
mechanism. He found that the blood of Tipula caterpillars
placed on tyrosine test paper caused a black spot. The blood
of a Tipula caterpillar which was parasitized by a tachina
possessed the ssme property. If, however, the tachina blood
was mixed with its hostis blood,the reaction was inhibited.

On the basis of this obscure phenomenon Eckstein has formulated
a theory of immunity in which the phagocytes have an indirect

rolee.
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Recently, Flanders (1937,B) has suggested that the
elleged "immmunity" of certain insects to theilr parasites 1is
a matter of unsuitabllity of the host blood as food. He
found (1937,A) that the two sexes of certaln chalcidoids
require different hosts for their development.The males
normally live in the body flulds of other hymenopteran
parasites (i,e. as secondary parasites). The females live
in the body fluids of lecanine scels Insects. If both came
to 1lie in an immune host only the female hatches as long as
both are surrounded by bady fluids. The female dles and 1is
encapsulated. The male lives for long periods without
molestation by th e phagocytes of the host. This suggests that
the female dies because the food 1is unsultable. The male
persists because he is adapted to live for long periods
without food.

Such information as I have concerning immunity of
Drosophila points to the conclusion that the phagocytes
(true amoeboid cells) play little or no role in the destructiom
of 1living parasites. In those forms which resist the parasite
in the egg stage, such as D. busckil or D. melanica, phagocytes
cannot be found in the vicinity of the parasite embryo until
the egg has begun to turn brown. In D. melanica eggs under-
golng degeneration have been seen which were not yet in contact
with phagocytes. If D. annanassae 1s used as a host the parasite
egg produces a larve which fails to grow, but nevertheless
lives for two or three days. It aprears that in this case

the pareslte destructionis brought about by improper nourish-

ment.

One of the most striking properties of the Fucoila
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larva is their waxy surface. Such a surface is not wet by the
larval blood or by acqueous media. A parasite larva placed in
contact with a drop of parafin oil is immedistely engulfed
by the drop and cannot be separated from it., This surface
property is of such & nature as to meke 1t impossible for
vhagocytes to adhere to the larva since they must wet particles
which they are to engulf or surround, Tests for this waxy
surface made on dead parasite larvae in the immune D.
ananassae showed that this property had not been lecst. Thus,
although the parasite was alfeady effectively disposed of,
the wvaxy surface remained. The inference is that the phagocytes
were not directly responsible for the parasitels death.

It was thought desirable to attempt to confer the
immunity of D. tackashashii, D. busckii,and D. ananassae, on
D. melanogaster by injecting immune blood. Approximately
Oel crm was injected into parasitized second instar melano-
gaster larvae. Nevertheless from 28 Injected larvae 16 parasites
emerged (4 from blood of snanassae, 5 from busckii blood, 4 from
tackehashil blood, 3 controls: melanogaster blcod). The remain-
ing 12 died as larvae.

The reciprocal experiment was tried using D. ananassae
(Yucaeten) as host and D, melanogaster as a source of blood.
19 D. ananassae larvae known to have been parasitized were
injected in the secomd instar with approximately 0.1l cmm of
D. melanogaster larval blood. 12 survived the operatlon and
produced adult flies. It appears that the immunity or
susceptlbility could not be transferred by blood transfusions

made under these comiitionse.
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Superparasitism

In view of the very interesting experiments of Salt
(1934) on superparassitism by Trichogramma evanescens, it was
thought desirable to get evidence as to whether a faculty
of distinguishing parasitized from unparasitized larvae
existed in Bucoila drosophilae.

Fiske (1910) has defined superparasitism as the condlition
that results "when any individual host 1is attacked by two or
more specles of primary parasites or by one specl es more than
once." Smith (1916) has restricted Flske's definition of
superparasitism to "that form of symblosis occurring when
there 1s a superabundance of parasites of a single species
attacking an individuasl host insect." The definition accepted
here is that of Smith. The emphasis is on the 1ldee of super-
abundance.

Thompson (1924) has applied the mathematics of random
distribution to the parasite problem and has developed an
equation for the expected number of hosts parasitized in a

population onthe assumption ofrandom distribution of paraslite

eggse.
It 1is y=u(1-0o¥%)
where y = number of hosts parasitized
N = number of hosts
X = number of paraslte eggs distributed.

Stoy in Salt (1932) has derived a more general expression
for the expected number of hosts carrying 0, 1, 2, 3 ===
parasite eggs in a population where parasite eggs are

distributed at random, His expression is,
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which 1s Thompson's formula.

On the basis of Stoy's general equation Salt (1934) has
enalysed the existing adecuate field data and shown that -
mumber of perasites in the field do not distribute their
eggs emong the hosts In a random manner. He has in addition
shown that Trichogramma exercises a sense of perception during
oviposition, the effect of which, is to insure an "efficient"
distribution of eggs and a low frequency of superparasitism.

In 2 later wark (1937) he hes shown that the perceptive faculty

depends upon a substance left by parasites on the surfaces
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upon which they walk and inside the host eggs in which they
oviposit.

The effects of enforced superparaslitism in artificial
populations have been studied and Salt has shown (1936) that
it results in & net diminution of the parasite progeny and
in alteration of the sex ratio in the direction of an increased
proportion of meles. He has shown that the amount of super-
parasitism 1is increased by increasing the ratio of parasites
to hosts.

A limited number of obsdrvations and experiments suggest
that In Eucollas the faculty of discriminating between already
perasitized and unparasitized larvae 1s likewise present.
Direct observation is cof 1imited use in this material since
the hosts unlike those of Trichogramma are moving. However
the following observations are pertinent.

Single females have beenseen to mmke:

a. Two attacks on a single larva in 10 seconds. At
dissection two eggs were found.

b. Two attacks on a sl ngle larva within 25 seconds.

The second insertion was brief. Dissection gave only one egge

c. Four attacks on a single larva in thirty seconds.

The first two attacks resulted in insertion of the ovipositor.
The second insertion was brief (8 seconds).The third and fourth
attacks were momentary explorations confined to the surface.
Dissection gave only one egg.

These observations are independent and seen at different
times. They suggested a more elaborate experiment to ascertain
whether the distribution of eggs among hosts was a random one.

Two hundred young larvae (6 hours old) of D. melanogaster
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were placed In a dish with food and exposed to ¢ female
perasites for 24 hours. At the end of this time,the parasites
were removed, the larvae dissected and the number of larvae
containing 0, 1, 2, etec. parasite eggs was recorded. The errors
due to not finding parasite eggs are thought to have been very
low since the eggs llie free in the haemolymph and emerge as
soon as the larva is opened. 205 eggs were found. The expected
number of larvae containing 0, 1, 2, etc. parasite eggs was
calculated using the formula of Stoy. Below are the observed
and calculated results.

Number of larvae with 0, 1, 2, etc. parasite eggs.

Oeggs 1 egg 2 eggs 3 eggs 4 eggs S eggs

Expected 71le4d 75«6 378 12.8 33 0.66
199.56

Observed 1 193 6 0 0 0
200

It is immediately apparent that far too many larvae
received only one egg, too few received no egg, too few
recelved more than one egg, than is demanded by the assumption
of rendom distribution.

An experiment to ascertain whe ther increasing the ratio
of parasites to hosts could affect the amount of superparasitism
was undertaken.

Two dishes of the seme dimensions were made up as follows:
One contained 200 larvae (0 - 6 hours old) the other 1l0C
larvae of the same age. In the first dish 6 femrle parasites
were placed and left for 24 hours. Into the second dish 12
female parasites were introduced and left for 24 hours. Thus

the ratio of parasites to hosts was four times as high in dish



38

one. The parasites were removed and 256 larvae from eachdish

were dissected. Results:

Dish #1. Dish #2.
200 larvaes: 6 parasites 100 larvae: 12 parasites
2 larvae contained 0O eggs. O lervee contained O eggse.
21 larvae contained 1 egg. 2 larvae contained 1 egge.
2 larvae contalned 2 eggs. 22 larvae contalned Z eggse.
O lervae contalned 3 eggs. 1 larve contained 3 eggs.

Thus superparasitism can be made to occur by increasing the
density of parasites.

Salt (1934) haes shown that in enforced superparaesitism
that the parasite Trichogramms elects to place its supernumary
eggs in the larger hosts.This effect was tested for inthe
following way.

A dish contalning D. melanogaster larvae of wvarious slzes
was pleced under a binocular microscope equlpped with a
micrometer eyepiece. Larvae were measured and those of two
suitable sizes were selected for the experiment.Ifl this way
35 larvae measurlng 2.5 divisions and 35 larvae measuring 1l.25
dividions were selected. They were placed together in a third
dish end exposed to 8 parasites for 24 hours. At the end of
this time the larvae were removed, dissected, and the number
containing 0, 1, 2, etc. eggs were recorded. The results were:s

Number of larvae containing:

Large Oeggs 1 egg 2 eggs 3 oggs 4 eggs 5 eggs
larvae 5 1 & 20 9 1 0
Small

larvae 0 28 7 (4] 0 0
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It appears tlen from this table that slthough the amount of
enforced superparasitism was not great the supernumary eggs
were most often placed in the larger larvae. Since almost
twice as many eggs were placed in large larvae as in small
ones it 1s not excluded that the larger sized, and

consequently,more active larvae were not simply encountered

more frequently.

The Fate of Supernumary Eggs. (

Drosophlila larvae inwhich more than one egg isﬁigiﬁ give
rise to one and only one adult.The supernumary eggs do not
develop. This phenomenon is of very common occurrence among
the parasitic hymenopteras but the mechanlisms concerned are
not known. The modification of the sex ratio 1ﬁfrichogramma
has already been referred to and seems to be of such general
occurrence in cases of superparasitism that Smith (1229)
has been led to attribute this to "intrinsic" superiority of
males in competitione. I have no observations on the sex ratio
of adult parasites emerging from superparasitized hosts as
compared to hosts not superparesitized.

If more than one egg 1is deposited in a larva the
second egg generally undergoes degeneration at about the time
of blastoderm formation (12 - 16 hours). They may,however,
continmie to develop and hatech out of the egg as larvae.
Thelr further growth is retarded, no increase in size can be
seen, snd by drosophila pupation time they Iinvariably dile.
Experiments designed to study the relatlionbetween the time
interval between the two ovipositions and the amount of

subsequent development of the younger embryc should be
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illuminating.

Thompson and Parker (1930), on the basis of their
observationin FEulimneria crassifemur, a narasite of the
Furopean cornborer, in which supernumery parasites die,
have suggested that this 1is probably due to production by
the Bldest larva of an enzyme which has a lethal effect on
the younger larvae, This 1dea had been advanced years ago by
Tlmberlake (1910) in connection withthe aphid paerasites.

In Bucolla drosophilae I heve observed cases in which two
eggs were present but only one was developing. If this is due
to inhibition of one egg by ancther, it implies eilther
ebsorption or secretion of meterials through the membrane

of the developing egg.

Host Selectilon

Thompson and Parker (1927) in the last general review
of the problem of host selecticn have taken a rether too
pessimistic view. fThey say, "the laws underl¥ing the problem
of host selectlcn are not capable of expressicn in scilentiflc
terms or di scoverable by sclentific methods."

Plcerd (1922) has recorded an observation of extreme
interest in his paper on the parasites of Pleris brassicae.
If a small raper cone is soaked with Pleris blood and placed
within range of a femsle Pimpla instigator, the parad te

pierces the cone and continmues to do so until the paper 1s

drled up, though she lays no egg. This ob=servation clesrly

suggests a reflex mechanism.,
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It has been shown by Ullyett (1937) for Microplectron
fuscipennis end by Thorpe and Jones (1957) for Nemeritis
canescens that host finding 1s gverned by an olfactory =ense
sltuated in the antennae, but that actusl oviposition depends
on some other factor such as texture, and to some extent, size.

It has been demonstrated by Salt(1935) that Erichogramma
selects its hosts on the basis of size slone, clfactory stimlil
being of 1little importance in this insect,

In Fucoila drosophilae the stimulus to unsheath the ovi-
pogitor does not come from the lervae since females will explore
food chips which contain no larvae. The stimulus is probsbly
provided by some factor produced by yeast. The larvae of
Sclara are not recognized as possible hosts so long ss they
remalin on their eustomary substrate. If they are transferred
to a drosophila medium conteining yeast , paraosites wlll attack
them. The ovipositor 1s inserted for three or four seconds
and then withdrawn. However, no eggs are deposited, It 1is
evident then that some specific property of drosophila blecod
which Sciara does not possess 1s required for actual oviposition.

No evidence has been found of a distinet preference
for hosts in which Fucoila drosovhilae is asble to develop as
opposed to host larvae in which 1t cannot. They apparently
oviposit almost as readily in D. ananassae or D, montium as
in D. mdenogester.

Jame; (1928) found thet the releted Figites anthomylarum
which 1s ﬁormally parasitic on several different carrion
feeding &ipterous megsots, could be induced to oviposlt in

the cabbage root masggot, Hylemyla brassicse, only if these lervae
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-

were carefully washed and then placed for s tiﬁ? in very
putrid meat. Subsequent dissectiocn proved that ?ggs were
actually deposited, The eggs ® not develop ;X fhe normal
varasite of the cabbage root maggot (Cothonaspls rapae)

could not, however, be induced to oviposit in the carrion

fceding larvae.

Effects on Mixed Cultures

Dy montium has been described as a species partially
Immune to parasitism by E. drosophilee. This fh culty enables
the species to successfully compete with D. melancgester in
mixed populations providing the parasite 1is present. This is
‘shown in the following way.

A culture made up using 5 females and 3 males each of
De montium snd D. melenogaster (white forked) and 10 female
parasites produced 46 females and 61 males D, montiumj; 159
mele and 62 female parasites; 25 females and 26 meles of
D, melanogaster. The net adventage is 3lightly in favor of
D, montium despite the higher fertility of melanogaster.
To offset this, cultures were made up with 1C0 young lervae
(6hours o0ld) of each species and 1C female parasites. Four

such cultures and two controls (no parasi tes) gave:

Culture mont 1um melanogaster (w f) parasites
female male female male female male

2531 4 C O 0 4 40

25632 6 7 0 0 19 75

2833 10 e 0 0 26 (53

2534 (3 i 4 0 0 21 73

control 2535 22 18 49 43 - --
control 2536 24 21 49 47 - -



Pareslitism under such onditions may enable one
species to thrive where it wuld otherwise be imnossible.
The asbove results might mean that the female parasite prefers
to place 1ts eggs in larvae of D, melanogaster, its omstomary
host. This was found not to be true in the following experiment,
50 young larvae of each kind were placed in e dish
together with 15 female psrasites. After 24 hours the
paregsites were removed and 40 larvae of each kind dissected.
(The 2 kinds of lsrvae are distinguishable by the light
colored malpighian tubules of white forked lasrvae)

The results were:

Number of larvae containings:

O egrs 1 egg 2 eggs 3 eges
mont ium (0] 20 19 1
melenogaster (wf) 0 8 28 4

There appears to be a slight preference for the larvae of

De. melanogaster. This effect is small, however, for , of

the total eggs deposited (137), 61, or 44.5%, were in D.
montium., The difference in supernmumary eggs is thought to
have been due to a slight though systematic difference in host
size. The importaht fact 1s that no larvae of elther kind

escared paraesitism,
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Conclusion

The experiments and obssrvations on Fucolla drosophilae
Kleff. wvhich are recorded in the preceding pages represent
an attempt to prepare the groung-work for extenslive studies
on peresitism of Drosophila., Because of 1ts introductory
nature the lnvestlgstions have been comprehensive rather
than exhaustive. From this point of view 1t has had the character
of a survey rather than that of en esnalysis,.

uch of the work has been descriptive -- far more than
suited the author's taste -- but this is necessarily the
cese with a subject in its beginning.

It is a pleasure to acknowledge the assistaence and
advigee of many of my friends both in this devartment and at the
Citrus Experiment Station.

I am indebted to Dr. A. H. Sturtevant for his interest

and encouragement end to Dr. W. P. Spencer for the gift of

the material.



Summar

1. The 1ife history md development of ucoila drosophilsae
from oviposition to hatching of the adult 1s ocutllned.

2 A peculler egg membrane formation is descrlbed, and
its natural formation simulated in vitro by treastment of
overian eggs with acid and distilled.water.

B It is shown that not =211 specles of Drosophila are
sultable hests; the stages st which development ceases in
immune forms asre described.

4. Factors contributing to the immunity of these forms
ere discussed in the light of our present knowledge of
immunity in insects.

Se The presence of a faculty in the parasite which
enables them to discrimlinete between verasitized and un-
parasitized larvae is demonstrated.

€e The problem cof host selection is discusrced and it

1s demonstrated thet the psrasites are unable to discriminate
between iImmune end susceptid e species.

Te It 1s shown that the stimulus to oviposition 1s

not received from the lsrvse but from something in -he food
cn which they live.

(S It is suggested that the cholce of a oroner host

depends on a suitable composltion of the host's body fluid.



BIEBELIOGRAPHY

Ashmeed, W. H, (190C) Trans. Fnt. Soc. Lond. Pt, 2
Cresson, E. T. (1865) Proc. Ent. Soc. Phil, Jan,
Ekstein, F. (1931) Anz. £. Schadlingskunde V. 7; p.49
Fiske, V. F. (1910) J. Econ. Tnt. V.3; p.88
Flenders, S. E, (1937-4) Univ. Calif, Publ. int, V.63 p.401
(1237-B) J. Agr. Res., (in press)
Fruhauf, (1924) 2Zeit. wiss.Zool. Vv, 121 pe. 656
Hedicke (1922) D. Fnt. Zeit.
(1924) Brethes Nunquam Otiosus v.2
(1928) Bull. Soc. Ent, France
(1928) Verh. Ver. naturw. Unter h. Hamburg v. 19
Hollande, A. Ch. (1920) Arch,. Zocl. V. 59; p. 543
James, H. C. (1928) Ann. App. Blol. v. 15; p. 287
Keilen, D. and Pluvinel, C. (1913) Bull. Soc. France
sevptieme serie t. XLVIL
Kieffer, J.Je. (1907) Ent., Zeit. v.21
(1907) Ann. Soc. Scle Bruxelles
te. XXXII 2nd Part
(1913) Boll. Lab., Zool. Porticl. v.7; p.lli2
setalnikov, S. (1907) Areh, des Sei, blol. XII
(1932) 5th Congress Intern. Entom. p. 209
leyer,N., F. (1926) Zeit. f. Angewandte Fntom., v. 12 (2); p. 376
Pemberton, C. E. and Willard, H. F. (1918) J. Agr. Res.
Ve 155 pe 419

Perkins, R.Ce. L. (1913) Fauna Hawaiensis I; p. 189



Bibliocgraphy cont'd.

Picard (1922) Bull. Biol. France Belgique v. 17

Sdlt, George (1932) Bull. ntom Res. V. 23 pe. 211

(1934) Proc. Royal Soc. B v. 114 p. 450

(1935) 1ibid Ve 117 Dp. 413

(1936) J. Exp. Biol. v. 13 p. 363

(1937) Proc. Royal Soc. B v, 122 1937
Smith, H, S. (1916) J. Econ. Ent. v. 9 p. 477

(1929) Bull, Fnt. Res. V. 20 p. 141
Strickland, E. H. (1923) Can. Dept. Agr. Bul:. v. 26 pe 9
Sturtevant, A. H., (1921) The North American Species of

Drosophila Pub. Carnegie Wash., 301
Thompson, ¥. R (1924) Ann, Fac. Sci. Marsellle v. 2 p 69
(1930) Nature v, 125 p. 565
Thompson, %“. Re. and Perker, H, L. (1927) Parisitology v. 19 p. 1
(1930) J. Agr. Res. V. 40 p. 334
Thorpe, W. L, and Jones, F,G. V. (1937) Proc. Royal Soc.
Ve 124 p. 56
Tichomiroff, A. (1902) 200l Anz. V. 25
Timberlske, P. H. (1910) Psyche v. 17 p. 125
Ullyett, G. C., (1936) Proe Royal Soc. B v. 120 p. 253
Viereck, H. L. (1906) Trans., Am. Ent. Soc. V. 32
(1910) 1in Hymenoptera of Connecticut p. 365

von Ibering (1914) Rev. Mus. Paul. v. 9

(1927) Belizin Acta Soc. Staurop. V. 64 pe. 35



