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INTRODUCTION 
Moretho,D twenty years have elapsed silice active wo.rk was begun 

to. import fro.m their native ho.mes and liberate in the Unit,edStates 
the parasites and natural enemies o.fthe gipsy.mo.th, Porthetriadispar 
Linnacus, and the brown..:tail .mo.th, Nygmw, phaeorrhoea Donovan. 

1781·~29--1 
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At the :time this work was initiated, many of the towns in eastern 
Massachus.etts within a J'amusof30 miles of Boston were swarming 
with caterpillars of these insects, and hJlIldredsofthousands .ofacres 
of forests, as well as most of the parks and residential sections of the 
cities and ·towns, were overrun with these pests. 'To make con
ditions fur more serious, ,there were known to be vigorous colonies ·of 
these insects throughout southeastern New Hampshire and in York 
Oounty, Me., in Providence, R. f, and in ·the towns surrounding. 

The statements of multitudes of citizens who suffered material :loss 
as well.as personal inconv.enience \V~re fiillyas eniphaticas were. those 
of the entomologists who were called upon to review the situation and 
to attempt .some measure of Telief fl'.oru the ever-increasing hordes of 
these pests. For a few years hand-control ;meIlS.mes, 'although vigor
ously applied, resulted in little relief,.except in limited areas where 
the most intensive work was done, and completely dcloliated areas in 
late Jlme and July bore witness ,to the .dangers which threatened ,the 
tree growth of New England. 

The idea of bringing to.thisccuntry the .natural enemies of these 
pests was hailed with enthusiasm, and hope was u'equentlyexpressed 
that speedy relief would result. ' 

In 1911~report on .this work ~as published by Howard and Fisk 
(14) I, w:hicll reviewed the efforts made and the results obtained up to 
that time. 

This attempt to intruduce parasites and natural enen'Uesto con
trol two closely related foreign pests was the largest in scope that had 
ever been planned and executed, and no appreciable relief v?asevi
dent at the time this report was published. The gipsy and brown
tail moths had continued to spread and enormous areas weredefoli
ated each year in outlying territory, in spite of the fac.t that some of 
the most promising parasites had begun to obtain a foothold and that 
intensive control work had been undertaken by all the States con
cerned and by the Federal Government. 

The difficulties of securing parasites and of establishing them suc
cessfullyin a new country were not fully realized at the :time.tbe work 
began, and the period which was required to make even .s-slight 
reduction in the swarms of their fecund hosts could not be estimated. 
Many of the bask facts relating to the habits of the beneficial species 
which it was sought to introduce, as well as to the prrper methods for 
the handling andsuccessful transportation of t'hesedelicawandinsome 
cases minute spet~ies, were to be learned by years of cOD[!tant experi
ment ahd study. Furthermore, the popular idea that a g'ingle species 
of parasite might suffice in effecting control proved to be fallacious 
for this does not happen in the native homes of these two pests. 
The difficulties of the problem were iu!.ther enhanced and the final 
results were somewhat clouded because of the fact that in many 
countries in Europe, as well .as in. northern Africa .'and Japan where 
parasitoo are present and are periodically effective, there are periods 
v:hen the hosts become excessively abund.$l,nt. 

The work ()n the in'troductionand col(}.rJi¥ation of natural enemies 
has been continued even more intensively siiicethe bulletin cited was 
,published, and it is being pushed at the presen.t time. As the years 
passed by, more knowledge was obtained by experience and from 

1 BcCerence Is IDlIde by italic numbers in parentheses to .. LI~reture cited," p. 145. 
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DIFFERENT STAGES OF THE GIPSY MOTH (PORTHETRIA DISPAR) 

1~J.!g IIHt,;!' 011 c,'Pl1tpr ut lwi~: ft'muh' lIIoth jn ... t ht'low; fewah' Inut.h l .Japan(':op ,·.q·i('ty, 10\\ cr f"n I mal(' 
mo(h hlll1ll'(1il1tl-ly nhon': 1t!lImir muth inUlH'{hntt'ly altorp: mult' 1II0ib with \\·illJ!:i I'ohh·d. upl'("r left ~ 
lI1al .. du') )o.,:tli~ I\t riJ{ht of lhJ~ ~ !f·Hl.dl·f·hl'y"'ali:: ;thaill tit right': 1.L1 va at t'{'ntl'" .A 11 ubuut ruu I'.Hn hs llatllrnl 
f'dl,t', {Ilnwnrd mitt Fhkt·J 



l' 

,e}.;"pecimenttilwork,a~~ it ;isti~!purpo~ ;of :t~:btilletin ;tol'ey'ie:w ~. 
\bmlllytheJ:esultsobtamed.2 ';C,' ..; '. .' 

[n ,order tha~ tthe rela~ion ,of :t~e'~orted)ll~asi~es to ,their ho~ts 
maybe. understo'od,a ,br]e:fdescrlptwn ,of .tbe-life ,history and ihabIts 
iofthe gipsy moth and the ibrown.:.tailmoth ~~given. 

. . l 

LIFE .mSTORYAND iHABITSOF 'THE <GIPSY MO'FH, 

POR'l'HETRlA 'DISPAR lUNNAEUS 


EGGS 

During 9 or 10 monthsQi 'the Y~f!-r the~psymoth is ill its6f!(6stage
(fig. 1). MostQi the eggs are laId :durmg ,JUIy,althougbs{>me,are 

., If " , \ 

, '" " \: 
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F1G. 1.--,Llle cycle oCthe gipsy ,moth 

.aot, laid until August., They are laid in layers 'PI:Otected ,bybufi
colored hairs from 'the abdomen dfthe iemaleas shoW'll in the lower 

, During tbe progress oC tbe work on gipsy ,motb and brown-tall motbparasites bundreds,perbaps
tbousands, of men have llSSistcd In making possible tbe results set rorth. Tbey Include not ouly the men 
directly employed In thls work at the gipsy,moth laborat{)ry,at 1\>Ielr!lSC 1IlgbJands, MIlSS., but a :bost o( 
other State, Oovr.mmont, ami town officials; as well as many citizens whose suggestions and ,lnCormation
concerning local conditions bave been invaluable. Entomologists and oLber officials In ,many (orelgn 
lands have afforded even: help within their power aull many oC tbeembcssles and consuls IlC tbeUnlteil 
States in (oralb'll countries, and the United States ,Dispatch agent In 'New 'York City, have smootbed tbe 
way for ,("reign Investigations and mude ,possible tbo expeditious dispatcb and deliverY of shipments of 
JlorJSitesWhan time was the vita! factor and when a slight, delay might have.meantthe deatb of tbe delicate 
:matednlln the shiJ.lUlents and tM Jlossiblefailure of an entirc.sca.'lOn's wor/!:. TO.all who have assisted this 
'Work In an)" capacity I.'rateful acknowledgement Is extended. 
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right corner of Plate 1. The number of eggs varies considerably, 
but averages [rom 300 to 400 for each cluster. They ,are deposited 
on the tree trunks and on the undersides of the :branches. Sometimes 
they are found on the leaves and often on a great variety of .objects 
.on the ground near trees. Hatching s.tarts in the spring when the 
new leaves begin to appear, which is usually during the·:first two weeks "'" 
of May. It continues over a period of several weeks, but the height of 
hatching occurs within .a week. 

LARVAE 

Newly hatched caterpillars measure only 3.5 millimeters in length. 
They feed on the leaf hairs and later perforate the opening leaves. The 
larvae develoJ> rapidly, and the quantity of food they consume increases 
very materially as they approach maturity. Sixth-stage caterpillars 
immediately after molting measur.e from 30 to 35 millimeters ;in 
length. Their bodies .are creamy white marked irregularly with black 
which gives a grayish appearance, and they have a pair of ,blue dorsal 
tubercles on each ·of the segments from the second to the sixth, 
inclusive, and a pair of red ones on the seventh ,to twelfth segments, 
inclusive. These .are charac.teristic 'of the large larvae .and ,are quite 
conspicuous. The caterpillars become full grown early in3"uly. 
Female moths develop from sixth-instarcaterpillars (18), and males 
from the fifth instar. 
I A study of the food plants has been made (17), which resulted in 
their arrangement into four classes according to the ,degree ·of favor
ability as food for this insect. .Among the mostfavol'ed food plants. 
are oak, apple, some of the birches, linden, beech, aspen, and willow:. 
Several of the conifers are favored as food by the larger caterpillars, 
and the blueberry, cherry, elm, hickory, and maple ar.e often freely 
eaten. 

PUPAE 

The caterpillars pupate early in .fuly. 'The pupae are chestnut 
brown and are often found in clusters attached to trees, or other 
objects, by fine fl'ilken threads. Many female pupae are an inch or 
slightly more in .hmgth. The male pupae average somewhat smaller. 
The pupae are provided with characteristic tufts of ocher-yellow 
hairs. About 10 days after pupation the moths ,emerge. 

ADULTS 

The male moths emerge before the females and fly albout ina 
zigzag course. They measure from 1~ to .2 inches from the outside 
point of one eAllanded wing to that of the other and are dark brown 
with darker markings on the wings. The females are larger than the 
males, measuring from 1~ to 2~ inches between the tips of the 
spread wings. They are of a light cream coler with dark wing mark
ings, and their abdomens are greatly distended with eggs, which 
makes them clumsy, and as a result they.are unable to fly. Mating 
occurs very soon after the females have emerged. Egg laying begins 
soon after fertilization and .lle majority of the eggs .are deposiwd dur
ing the first day of oviposition, although several days may be required. 
As the eggs are deposited the abdomen of the female shrinks, and she 
usually lives only a short time after laying. 
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DIFFERENT STAGES OF THE BROWN-TAIL MOTH (NVGMIA PHAEORRHOEA) 

\\'Illtl'r n(l~1 liT lIPlu'(" Ipft j tlln\(' Ulld it-Iunl .. ulOth~, )mn'r ri~hl; COt'f)(111 iu h,lur, uPlwl" right; ttmle nln1 
1lllllah~ eh,,'ysnlilh!:-. altOH\ HIUT" nllt'li. rull~rowl) larva in ('('lItP.', to hilt SHInIl hll'V'ue11'l'(lillg-UIl h'ar; lwlnw, 
fetIHll{> U\'I(){)~itI11g ou h' • .lI'; lowt'r 11'1'1 nl1'lJt'r~ l'},!g (')Il~lpr hrnkllll nJlPIl :;howlIlg- ('ggH. Wl'il Itnd full.growll 
tun'lt X~. ,·Iu-Yl'<uhdt·.. and f'g~ dH'Stt~I'''' X~. utluill" X t. (Howard IUlll "'i'Jl:(') 



'LIFE roSTORY AND HABITS ,OF 'THE ~ROWN';TAJL MQ'lH, 
NYGML' .'PHAEORRHOEA 'DONOVAN 

EGOS 

. 'The leggs ;ofthe ;brown-tail moth 'are iUSUally 'laid ,on :the:iunderside 
,.,' 	 .of la, leaf. They .are \)jlaced in ;acluster, usmillysmaller ,than ,the 

igi,psy-~oth .egg. ,c!ust&., measurin,g:about lone-half inch ll:t~d:th ;and 
two,..thirds of an mch ill ~!IDgth. Th.e :average \clustercontams~bout 
300 ..eggs 'and is ,givenared,dish..:browncolor ;by ,the ,hairs from ;the 
abdomen ,of the female, in ~hich,:the ,eggs are !packed. .At the !lower 
'left ,of Plate 2 ,a brown-tail moth issho~ in ,the ;oot ,of,depositing ian 

FJG.'2-LlCe cycle of thebrown·taU.moth 

.egg c1.u~ter, and also a ,completed egg cluster ,on t~esame leaf. .:rust 
:below 18 seen one or the clusters broken open. They are usually 
deposited during the middle ,or last of July (fig. 2). In contrast to 
the gipsy. moth, which remf!-ins within the eggdurlllgthe w~ter, .the 
broWD,-tail ~oths h.atc~:lidunng August 'and ;the small.caterpillars feed 
'heforeentermg therrhibernatingquarters. 

'LARYAE 

The newly hatch~d larvae 'are smaller ,than the young gipsy-moth 
larvae. They feed ill groups on :theupper surface ,of the ileal and after 
,molting 'begin the construction ·of ,their hibernating web. 
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_'This web is constructed iby ,the small caterpillars drawing ;toge.ther 
several ,terminalleaves,oiten nea:r the egg ,clus.ter,and securely ias
tening them with silk. The larvae, from one or more .egg clusters often 
feed together until cool weather sends them into their hibernating 
webs.';Che web is very tough and full of pockets in which small 
"groups ·ofthe cater,pillars pass the winter. The webs are gray and 
from 3 to ;6 inches .in length. . 

The larvae. is~ue from ,the webs usually in ~J>ril,,whe,n the;early leaf 
buds arebegmmng toopen.T.he small caterpillars feed on .the leaves 
and fruit buds and later,as theydevelopJ devoID.: practically the entire 
leaf, . often completely ,defoliatmg the trees. Tb~ lar;v:ae 'become full 
grown about the middle of June, .at which ,time they,areabout'2mches 
long. They have a general :browna;ppearance with. Jl broken white 
stripe on each side of ,the.·body. A,conspicuo:usorange-red ,tubercle is 
10cat.eddorsally .onthe sixth and on the seventh :abdominal segments. 

Apple .and pear .areespecially favored food plants ·of the .brown
tail moth larvae, :althoughplum, oak, w21vw,and wild:cherryare often 
attacked. The larvae sbmetimes feed on elm: maple, aid 'tose .and 
occasionally attack hickory, ash, chestnut,andbirch, !but never 
conifers. 

P,UPAE 

The full-grown caterpillars spin loosely woven cocoons .and in ;these 
.they pupate. The cocoons are ,iound,cluste:r.edorsingly, in Jeaies 
and on the trunks and under sides of the branches. The pupae; .are 
dark brown, .and about five-eighths of an ·inchlong. Approximat.ely 
two weeks after pupation the adults emerge. 

ADULTS 

Emergence usually occurs during the first weeikof July, but v:anes 
:with the season. The moths are pure white except the .tip ·of :the 
abdomen, which is thickly studded with brown hairs. Theabdomen 
of the male is slender, that of the female much stouter. The female 
measures between the tips ,of .thee:ll.-panded wings about 17f in6hes, 
which is slightly greater than the wing expanse of the males. Both 
sexes .are stron~ :fliers and .are attracte.d to bright lights, near which they 
,are often seen m large numbers durmgthe first haIfof July. 

iINTRODUCTIONOF THE GIPSY AND -BROWN-TAIL MOTHS 
AND THE EARLY WORK AGAINST THESE PESTS 

The gipsy mothwftsbrought to America in 1868.and was accidentally 
established in Medford, Mass. The insect had become so destructive 
by 1890 that the State of Massachusetts began.active field operations 
for the p.urpose of exterminating it. After the discovery of the brown
tail moth m the same territory measures were taken for its control 
also. ' 

The brown-tail moth was discovered in Somerville, Mass .., in 1897 
and had probably been imported a few years :beforeon nursery or 
florists' stock. At :the time this insect was first noticed, fruit and shade 
trees were being seriously defoliated. 

From May, 1891, ito FebruaryJ 1900, admirable control work.against 
the gipsy moth and :thebro"'~-tail moth was conducted. In fact the 
work was so successful in bringing about a scarcity of these insects 

http:toopen.T.he
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.that those responsible for making continuedappropriatioIis considered 
that further work was unnecessary, and the project '~asabando.lled. 
With the present knowledgeofcontrol.and ,eradicati<J!nwork itJ>,eems 
re.asonableto believe that :bo,ththegipsy moth and .the ,bJ,'oW.ll-tail 
moth could have been exterminated if the work had ~been ,continu.~. 
There were only 35.9 .square miles sparsely infeste!l .by the gipsy 
moth. The .area infested by ,thebro:wn-tail moth problitbly wasgrel1~, 
but the er.adication of this insect\would have been IDore .easilyaccQm
plished than the eradication of the gipsy moth. 'Theamount of 
money necessary to finance suchan ,extermination project would have 
been only a small portion of the sum that has subsequently been 
expended. 

THE ABUNDANCE AND SPREAD OF 'THE Grr»SYMOTH AND 
THEBROWN.;TAIL MOTH FROM 1905 TO 1927 

The abandonment of ,the eradication project for five years allowed 
the moths to mcrease enormouSly ,and to spread .to suchan extent that 
when the work was started again in 1905 :thegipsy moth was found 
over an area covering 2,224 square miles,and the brown-tail moth. 
over an area even greater. The gipsy moth had 'become established 
in Maine, New Hampshire, and Rhode Island, while the brown-tail 
moth had spread theentil'e length of the A.tlanticcoast line fioin 
Nantucket, Mass., to Eastport, Me., .and St.John, New Brunswick. 

There a.re many published records depicting ,the abundance .of these 
ins.ects. The following statement .by A. H. Kirkland (15, 1" 12), 
superintendent of the work in Massachusetts,prepareddunng .the 
late fall of 1905, gives an idea of the seriousness of ;the situation: 

As would have been ,expected, during the years. 1900 and 1901 but little notahle 
damage was caused by ,the gipsy moth, although evidence was not wanting ,to 
the trained observer that it was rapidly multiplyingin woodlands ·and on neglected, 
private estates. It was .apparent that nonresident. property owners particularly 
paid practically no attention to the increase of the insect, .and that fanners 
and others owning infested woodland areas were unwilling, ,because ·of the ,ell.-pense, 
to :fight the pest. In 1902 numerous estates were severelyinj'uredthroughout t4e 
central district, while woodland colonies ·of .some ,magnitude :had developed .from 
which the insects were swarming in ,all.directions. The summer of 1903 showed 
that the moth had established itself again in alarming numbers in various parts 
of the infested district. Serious colonies had developed in ,the woods of Arlington, 
Medford, Saugus, and Malden, and the Lynn Woods colonies had.assumed.ri.otable 
proportions. In 1904 it was apparent to all that the gipsy mothhad developed to So 
remarkable degree, reinfested the areas from which it had been cleared and even 
extended its bounds into previously non-infested .territory. The .caterpillar' out
break was sufficient to convince every tree lover ·of the necessity of concerted 
action against the moths. While in many pIsces in the afHicteddistrict the trees 
under the charge of municipa.l authorities were cared for with :considerable success, 
private estates a.nd woodlands in June and July presented shocking scenes of devas
tation. In many places the work of fire could not have been .more thorough orr 	alarming. From Belmont to Saugus and Lynn a continuous chain 'of woodland 
colonies presented a sight .at once disgusting and pitiful. The hungry caterpillars 
of both species of moths swarmed everywhere; they dropped on persons,carriages, 
cars and automobiles, and were thus widely Bcattered. They invaded houses, 
swarmed into living and sleeping rooms ,and .even made homes uninhabitable. 
Thousands of cases of poisoning of human ,beings resulted from the swarming of the 
brown-tail caterpillars. Real estate in the worst infested districts underwent a 
notable depreeia,tion in value.Worst.ofall, ,pines and other.conifers-altogether 
too scarce in eastern Massachusetts-were killed outright by the gipsy moth .cater
pillars, while shad.., trees and orchards were swept bare of .foliage. Property 
owners who were disposed to care for their ·own estates ,suffered and became dis
,couraged from the neglect of their neighbors. It was .evident that the moth pests 
were in thcaseendency, and that they could 'be controlled only by prompt, 
thorough and systematic effort. 
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Many'o~ the conditions just .describedcontinued for several years, 
although, ill general, the suppression work prevonteda great deal of 
such devastation in residential sections and .alongthe main thorough
fares. In spite of the artmcialcontrol work which was done the insects 
continued tospreadJand as the years passed they gradually became 
abundant over the greater part of the eastern half of Massachusetts, 
the northeastern corner ·of Rhode Island, the southeastern half of 
New Hampshire, and the southwestern quarter of Maine. 

The gipsy moth spread far beyond these sections, and several 
rather serious infestations w:ere found in Pennsylvania, New Jersey,S 
and Ohio. All of these have been exterminated excepting a severe 
infestatjon in New Jersey, which was located in 1920 andfound·to have 
spread over approximately 400 square miles. Work is being con
ducted jointly in this area by the State and Federal forces. Thearea 
infested and the intensity ·of the infestation have been greatly ra
.duced, and extermination ofilie insect in New Jersey seems probable 
if the work is continued for a few years longer. In 1924 .a gipsy-moth 
infestation was found by the Canadian entomologists a few miles 
north of the intern.a.tional border near the New York :and Vermont 
State lines. This infestation seems to have heeneradicated, but 
work is being continued there to make positive the absolute ·exter
mination of this colony. 

In .the older infested area conditions had. begun to improve by 1920, 
and during the following four or fiv.e years less defoliation was caused 
by the gipsy moth than for any period since the work was begun in 
1905. In 1925, however, a serious infestation sprang up over a con
siderable area on Cape Cod which in 1926 incr~ased in.area and inten
sity. A careful survey of conditions there showed that about 60,000 
acres were completely or partially defoliated. This year .also showed 
a marked increase of the gipsy moth over a considerable part of the 
older infested area in New England. The insect continued to increase 
in abundance in 1927 over a large part oftheolderilli~sted .territory, 
and a survey including the heaviest infested areas in all of the New 
England States showed partial to complete d~oliation in .about 140,000 
acres. Over half of this area was from 75 to 100 per cent defoliated. 

The brown-tail moth infestation increased in a similar manner, 
but its decrease in abundance over the area as a whole began a few 
years sooner than it did in the case of the other insect. Ithasbeen 
persistently abundant in .a section in southeastern New Hampshire 
and southwestern Maine during most of .the period. Thereports 
for the year 1927 indicated that this species also was somewhat more 
abundant than dUlfugthe previous years. 

In recent yearsthefield-:eontrol work to prevent further .spreadof 
these insects undertaken by the Bureau of Entomology of the United 
States Department of Agriculture ha!.J 'been confined to .an .area, 
known as the barrier zone, in western New England and eastern New 
York, to prevent the westward spread of the gipsy moth. The in
fested New England States are confining their efforts to the control 
of this insect east of the zone, and the State of New York is working 
in close .cooperation with the Federal Government in the border 
zone. The reduction of infestation in the older infested territory 
caused by the increase of parasites .and field-controloperations has 
contributed materially to the excellent re.c:.ults that have been obt.l1ined 

J This is.1\ separate introduction, not spread (rom New England. 
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in the barrier zone. J..JOng-distance spread has been prevented by 
the enforcement of quarantine regulations, and shipments .originating 

FIG.3.-Disporsion or introduced enemies or the gipsy moth nnd.the brown-tail moth, 1927. 
'l'hehorizontaily lined section is the area quarantined because or the hrown-tail moth. This 
nren togother with the pcrpcndiculnrly lined fK;ction is the nrca quarantined for the gipsy
moth. 'l'he limits or thopresent-known. dL'pcrsion of the principal introduced enemies of 
the gipsy maUl nnd the hrown-tail moth .are shown by the lines on the map 

in the infested territory of products likely to carry infestation are 
carefully inspected before movement is allowed to points outside. 

The present dispersion of these insects, as indicated by the area 
quarantined because of them. is shown in Figure 3. 
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EARLY FOREIGN WORK 

In. the spring of 1905 the Massachusetts Legislature passed a bill 
declaring the gipsy mothandbrown-teil moth public nuisances and. 
providing for their suppression. A. H. Kirkland was appoint~a 
superintendent, in general charge Df the work of suppressing these 
moths. In additionj;o the appropriation of funds .to meet the eXllenses 
incurred by the mO'Gh-suppression work, an appropriation was made 
for the purpose ofexperimentjng with the natural enemies of the 
moths. The latter appropriation was used, with a small appropria
tion made by Congress, for the purpose of studying and importing 
the natural enemies of the moths. Verysoon after the beginning of 
the work the superintendent enlisted . the advice and services of 
L. O. Howard, Chief of the Bureau of Entomology, United States 
Department .of Agriculture, to supervise the study and introduction 
of the natural enemies of the moths. Doctor Howard immediately 
corresponded with several entomologists in regard to sending to this 
country the natural enemies of the gipsy moth and the brown-tail 
moth, and on June 3 he sailed for Europe and held consultations 
with many officials and entomologists . of several countries. This 
resulted in the receipt of a number of shipments of parasite material 
during the season. 

In Doctor Howard's first report .(15, p. 125) to the superintendent 
for suppressing .the gipsy moth and brown-tail moth he refers to 
the: fine cooperation of the "official entomologists of Europe," and 
says:

* * * all have expressed a hearty desire to cooperate with the United States 
government and with the .government of the State of Massachusetts in their work. 
Their personal endeavors have been at our service,and their expert advice has 
been of much assistance. In many cases they have been good enough to select 
and recommend agents, who have been paid for their services from the State 
appropriation.. The personal services of the official entomologists, however, 
have been gratuitous. 

Mention is made here of this early cooperation of foreignentomolo
gists in this work, since their interest and hearty .cooperation from the 
beginning to the .present time have made the work p.ossible. 

The State of Massachusetts and the Federal Government .cooperated 
in this investigation from 1905 to nearly the end of 1911, when a 
reorganization was arranged, and the Bureau of Entomology took J 

over the laboratory and importation work in its entirety. 
During these years Doctor Howard made severa] European trips, 

and at first arranged with a number of European .entomologists and 
agencies to send to America large collections of the various stages 
of the gipsy moth and the brown-tail moth, and their natural enemies. 
Prior to 1912 this work was enlarged, and several experts .employed 
by the Bur.eau of Entomology went to Europe and Japan to study 
these pests in their na.tive lands and to send their natural enemies 
to thisvclliltry. In 1914 the foreign work had to be abandoned 
because of the outbreak of the World War, and no further inv.estiga
tions were made until 1922. 
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, RECENT' FOqlGl'! WQ;tl~;; 
, " - '., _. ,\ , ,,- :':-.;'~ij:';' ," , 
, " SinOO, ~he sP.ring Df 1922 the Burefi,:U Df EntomDlt)gy has b~n CDn
"ductin.g: ~he. fDreign wDrk; endeavoring to intrDduce several nat1P:ai 
'en¢mies Df.the gipsymDth which apparently did nDt become esta.b~:b,~' 
',.duringthefDrmerimpDrtatiDn W9rk., rn the earlierwDrk'seyeraJ"Dfthe 
'specieS wereneverr~ived and liberated in satiSfactDrynUDlberil; 
,;ttnd Dthers, although colDni1;ed iin large- num.bers, were liberated under 
cDnditions which wero nDt fa.vDfable totheirestabllshment., 
,The fDreign parasites which have beenr~ceiv~d at t.he gipsy-mDth 
labDfatDry(fig; 4) during the last few years have been Dbtamed,: for 
themostpart,byrearing them in their native ,countries from gipsy.,. 
mDth caterpillars. ' _ "" ,', ' 

During the spring of 1923 the juniDr autliDr,aCCQin,panied ,by K ToO 
Webber, m~de a search for gipsy-mDth infesta~o1}s;jn:France,Sp~, 

ErG, 4.-The gipsy·m()th laboratory yard and inSectary at Me1r9se Highlands, Mass.(B~>, 

Italy, Germany, Austria, Hungary, Rumania,and PDland. InDnJy 
twO' Qf these CQuntries weregipsy-mDth infestatiDns fQund which were 
Df sufficient size to warrant establishing tempDr~ labo:tatDrie8 
where caterpillar cDllections CQuld be made. An indicatiDn of the 
scarcity Qf the gipsy mDth over a large part of EurDpe was ShDwn the 
previDus year when the juniDr authDrsearched fDr gipsy-mDth infesta.
tiDns over much or the territory of the first fOurCDuntries named, and, 
excepting in Spain, was unable to IDcate an infestation of sufficient 
size to' make possible large cDllec~iDns Df the caterpillars. 

Aft-er a search had been made in several countries withDutsuccess, 
a gipsy-mDth infestation Df medium intensity was located, at Debrecen, 
Hungary (11), a townabDut l~.o miles east of Budapest. Here 
arrangements were made for labDratory quarters (fig. 5, B), .a large 
number of wODden trays with cloth bottDms were made, and the cDl
lection of large numbers Df caterpillars was begun. During the seasw:. 
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over 100,000 caterpillars were obtained, from which about 44,000 
parasites were reared. A few small trays containing 100 caterpillars 
each were also kept. From these it was possible to gather more ac~ 
curate information on the degree of parasitism than could be obtained 
from the large trays, each of which contained several thousand gipsy~ 
moth catm·pillars. The records obtained from the s~lall trays showed 
that about 70 per cent of the caterpillars were parasitized. More 
than one-half of this parasitism was caused by the two tachinids 
Phorocera agilis and Sturmia scutellata. 

Oaterpillars were collected ahnost every day:as long as it was pos
sible to find them. Each day the caterpillars in the trays were sup
plied with fresh oak foliage, and the remains of the previous day's 
feed removed. Tachinid parasites were pmctically the only ones 
reared in this work. The maggots were :removed each day as they 
issued, and placed in a large box containing fme damp sawdust, 

FIG. 5.-Buildings used as temporarY insectaries during the recent European parasite investigatiol]S: 

A, At !Jaju, Hungary; B, Debrecen, Hungary; 0, Madrid, Spain; D, Gulgamacsa, Hungary 


in which they formed their puparia. Several times during the season 
these puparia were separated from the sawdust and packed in boxes 
with new sawdust for shipment to the United States. Wooden boxes, 
about {3 inches long, 4 inohes "",-ide, and 3 inches deep, served well for 
shipping tachinid pnparia. These boxes were then packed in larger 
ones of convenient size for transportation in the cold-storage room 
of a steamer going to the United States. 

In 1924. the work was enlarged, and conducted in two laboratories 
in Spain, and one each in Poland, Yugoslavia, Bulgaria, al.d Hungary. 
That year S. M. Dohanian accompanied the junior author and Mr. 
Webber. Mr. Dohanian remained in Spain and carried on the work 
there. About 75,000 gipsy-moth caterpillars and pupae were handled. 
Most of the caterpillars were kept in Spain to obtain the parasites. 
The majority of the pupae were sent to Melrose Highlands, to be held 
there for the issuance of the parasites. The studies in Spain were 
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.conducted .in two f,leparate areas, one .at Madrid,andthe other about 
150 miles soutLt-of Madrid, at Villanueva. de Cordoba. Through the 
kindness of Manuel A.u1l6, director of the laboratory of the forest fauna 
of Spain, also chief of the service for the study and extinction 'of fOf-flst 
plagues, space in Government laboratories at both of these places 
was given for these investigations . 

In Poland arrangements were made to collect large numbers of 
gipsy-moth caterpillars, but thegipsy':moth colony selected {or the 
work was so greatly depleted in the second larval instarbyan extraor
dinary abundance of the braconid parasite .11panteles porthetriae 
that only about 19,000 of the fifth and sixth instar caterpillars could 
be collected. The mc.jority of these died in the trays in ,the insectary 
froIIi an epidemic of disease similar to "wilt," so only a fewtachinids 
were obtained from Poland. 

Here was, an example of a heavy gipsy-moth infestation, which 
apparently had developed to severity almost within a year, being 
overcome by natural agencia.') the Dl'St season of its abundance. In 
this case the intensity of the 'infestation was greatly reduced early 
in the summer by A. porthetriae and later .most of the remaining 
caterpillars and. pupae died. of disease. A.liparidis was ruso pr~sent, 
as were several tachinids. Only a few more than 1,000 tac1llnid 
puparia wers obtained, but dissections of the caterpillars indicated 
that many more would have been secured had the caterpillars not 
died of the disease. 

Considerable diffieulty was experienced in Yugoslavia in locating a 
gipsy-moth infestation of sufficient intensity for parasite-rearing work. 
During the early spring a location was found mthe northern ,part of 
that country where a light to medium infestation of egg elusiers was 
Iound. On the trees were both old and new clusters, with the old 
ones predominating. The conditions here indicated tha.tthis infesta
tion was subsiding, and it was supposed that the few thousand cater
pillars which might be collected would be .highlyparasitized. ,Later 
in the season, however, when it was time to make collections of cater
pillars for the rearing of tr..chinids, it was 'found that this infestation 
had been so greatly reduced that caterpillar collections could not be 
made. It was evident that A. porthetriae had played .Ill irhportant 
part in the reduction. A. Ziparidisalso was found ,but there was 
little evidence of disease. Another small infestation was .finally lo
cated, limited in area and of light intensity, where about .20,000 large 
gipsy-moth caterpillars and pupae were collected. It was possible 
to collect this number only through the perseverance of Madame 
Anna Bragina (Mikrina), of the laboratory for the study of tropical 
diseases at Belgrade, whose services had been obtained for the summer. 
Over 60 per cent of these were parasitized, Phorocera agilisand Sturmia 
scuteUata being the principal parasites, the former the more abundant. 

After a survey of most of Bulgaria, there was found in a small 
town near its center the only gipsy-moth infestation in that country 
which was of sufficient .intensity to furnish parasites for shipment to 
America. The infestation was medium to heavy in intensity, but 
limited to a few thousand fruit trees. Near the infestation was an 
old mill,part of which was at once converted into an insectary . .About 
120,000 gipsy-moth caterpillars were collected and {i'om these over 
20,000 tachinids were obtained. 
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At DebI:ecen, Hungary,the same building was used ,fora:n ins~l'.,:, 
tary 'that had served in'1923. 'Thl'! location of the gipsy-moth infi,,,,~ 
tation was somewhat different from that of the previous year. The 
area where the caterpillars had been collected that ,summer was 
I:elatively free from that insect :this season. Sevoral other places, 
only a few miles distant, were found for the caterpillar collections. 
About 300,000 gipsy-moth ,caterpillars were obtained and Jed in 
the trays. These yielded a large number of tachinid puparia, 
32,000 of which were placed in hibernation at the gipsy-mo,th labor
atory at Melrose Highlands. The decrease in the gipsy-moth :infes
tation at Dehrecen during the summer ·of 1923 was ·due largely 
to the parasitism of P.agilis although several othertachinids were 
recovered, S. scUt,ellata 'being next in imDortance. A. porthetriae 
and A. liparidis were present, the former :being .lUuch more.a.bundant. 
Oalosoma sycophanta played a small part ·int"he natural control of 
the gipsy moth at this place. The wilt ~disease was very scarce 
throughout the season ,and was notanimportantiactor in the control. 
In 1924 the infestation had a similar history,although in that year 
A. porthetriae was much more abundant than ,in the previous year. 
Because of the scarcity of the gipsy moth at Debrecen in 1925, 
a new place in which to carry on the work in Hungary had to be 
found. Only one station in Spain (fig. 5, '0) was ,continued in the 
1925 work, but a new one was opened in Portugal. The work at 
these stations was cared for by Mr. Dohanian, who handled some 
60,000 gipsy-moth caterpillars and pupae at the former place. and 
98,000 at the latter station. Mr. Webber, withP. B. Dowden, of 
the gipsy-moth laboratory, continued the work in central and south
ea3tern Europe,and a temporary laboratory was established at 
Belki, Ozechoslovakia, and one at Baja (iig. 5, A) iD the southern 
par-t of Hungary. 

Before the cu~tomary rearing work of the season was begun in cen
tral Europe, Messrs. Webber and Dowden found several places 
where attempts might be made to get large ,numbers of A: porthetriae 
for quick transportation to the United States. Previously only a 
very few of these parasites .had ever been received alive at Melrose 
Highlands. A few living caterpillars or cocoons of .the parasite 
had been shipped in the ,cold room of the steamer, but the Apanteles 
obtained from :these were not strong and vigorous and did not mato 
readily. As they were never received in sufficient numbers for colo
nization they ha!I to be in,creasedat the gipsy-moth laboratory 
by reproduction work, through one or two generations, beforeliber
ation. . This' procedure was not entirely satisfactory, for by the time a 
sufficient supply was on hand for liberation, the gipsy-moth cater
pillars in the field were advanced beyond the stages preferred by 
this parasite. 

To obtain a sufficient ,number of A. porthetriae for colonization 
in Now England, while the gipsy-moth caterpillars were still small 
and suitable to serve as its ,host, it seemed necessary that the Apan
teles and the caterpillars parasitized by it should be collected at 
,the proper timo in EUI'ope and stnrted immediately on their way 
to the United States. This was accomplished by having the liying 
parasites taken dU'ectlytothe United States and cared for en );oute. 
They arrived early enough in the season for at least one generation 
to reproduce in tho field under natural conditions. 

" 
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As so.on as the Euro.pean work with .21. porthetriae was co.mpleted 
fo.rthe seaso.n, atempo.rary labo.ratory was establiH'hed at .Belki, 
qzechoslo.vak-ia, n~!l.r a severe gipsy-mo.th infestatio.n .. Over. 300,000 
gIpsy-moth caterpillars were collected and .fed at ,this statIo.n,and 
about 10,000 puparia were o.btained fro.m them, altho.ugh :adisease 
o.f the caterpillars interfered serio.usly with the wo.rk. At the labo.r
atory at Baja, Hungary,o.ver 30,000 tachinid pup~a were reared 
fro.m abo.ut 400,000 caterpillars. .' 

In 1925, the tachinid puparia, mo.stly P.a!ft"lisand 8. 8cutellata, 
were packed in sawdust and ,ehipped to .Melrose Highlands mo.re 
o.ftellthan had been do.ne ,during the previous year. With ;these 
were mixed puparia o.f summer-issuing twibiIiidso.nly the :fresh
est o.f which. had much chance ,o.fgetting to. Melro.se HighlandS r 	 befo.re thp. adults issued. As so.o.n as thetachlnid maggo.tsbegan 
issuing ±ro.m the cater.pillars, their pupruja were sent to the United 
States, several shipments being made~ach week. As time was 
o.n.cof the factors in establishingtbe mllitibro.oded 'species, so.me 
o.f the co.llectio.ns were sent by airplane mfj/il to. Paris and thence ,by 
rail toCherbourg, where. they were placed in the vegetable .room o.fthe 
first steamer sailing fo.r the United States. Intbis manner the species 
mentio.ned were received .alive at Melro.se Higb:lands in sufficient .num
bers fo.r biolo.gical studies o.f them to. be made, and several species were 
co.lo.nized in small numbers. 

Ano.ther innovatio.n was the o.btaining o.f a large number o.f Siur
mia ,:nconspicua fo.r co.lo.nizatio.n. During the spring ,)i 1924 Anto.ni 
Qzameclci (9), o.f Bo.chnia, Po.land, co.llected large numbers ofhibernat
jng coco.o.ns o.f the sa:\vfly Lopkyrus pini L., which were very abundant 
tha.t year. Fro.m them he reared several parasites amo.ng which 
was a tachinid, which was later reco.gnized. as Sturmia inconspicua. 
Acco.rdingly, early mtha spring o.f 1925 Mr. Do.wden went to Bo.chnia 
and all'anged fo.rthe co.llectio.n 'of large numbers of co.coo.ns of this 
sawfly. About 8 bushels wereo.btained and shlppoo..in fo.ur large 
groin sacks, to a tempo.rary labo.rato.ry at the Seapo.rt. Unfo.rtunately, 
many of them had been damaged by heating Mihen they were delayed 
scycrru days ·because of frontier regulatio.ns. The goo.d co.co.ons 
were spread in trays, and as the Sturmia maggo.ts issued they were 
pacl{cd in boxes in damp sawdust and shipped to the United s.tates. 
Upo.n an'i\-al at Melro.se Highlands they were placed in rearing cages 
where the adults could issue and mate befo.re co.]o.ruzatio.n. 

Early in 1926 Mr. Webber again went abro.adtoco.ntinuethewo.rk 
o.f gatbering gipsy-mo.th parasites in central Euro.pe. Later in the 
spring he was joined by C, F. W. Muesebeck and R. C. Bro.wn, of the 
gipsy-mo.th labo.rato.ry .. Two. tempo.rary summer field statio.ns wero 
established in Hungary, o.ne at Baja in the so.uthern area, .and,the 
o.ther (fig. 5, D) in a small to.wn named Galgamacsa, abo.ut 30 miles 
no.rtheast o.f Budapest. DurinO' tbe summer Mr. Bro.wn assisted Mr. 
Webber. l\lr. Muesebeck established a tempo.rary labo.rato.ry in Buda
pest, where studies are being made o.f the gipsy mo.th and its natural 
enemies, many o.f which have no.t been established in this co.untry. 

A special attempt was made again in 1926 to send the puparia 
o.ften, so. that as many aspo.ssible o.f ,the. multibro.o.ded tachlnids 
might arrive befo.re the adults issued. During the height o.f the para
site i.ssuance the puparia were remo.ved fro.m the trays and shipped 
to. the United States daily, and o.n so.me days mo.re than 'one ship

http:labo.rato.ry
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ment was made. These packages were .sent direct by .mail to 'Cher
bourg, France, where they were placed mcoid storage on the steamer. 
As a result of the frequent sendingsmany &~er-jssuing tachinids 
were received alive and approximately .20,000 were liberated. To 
obtain ~hes~,toge.~er with over 85!000 tachinid PJ1paria which were 
placed ill h~bernation at l\1elrose Highlands, conSluerably over half a 
million gipsy-moth caterpillars were. collected and fed at thesta.tions 
at Baja and Galga.II!Rcsa that season . 

..At the close of the rearing work Mr. Brown remained in Eure-pe 
to assist Mr. Muesebeck in his biological studies; and Mr. Webber 
made a trip into southern Europe and northern Airica,.to locate 
gipsy-moth jnfestations which might provide more species ,of parasites 
for introduction into the United States. 

Early in 1927 'Mr. Webb~r returned toEurope, and at Budapest witb 
MI'. Muesebeck made arrangem.ents for the season's work in Europe. 
He then proceeded to seve!'al of the Mediterranean countries and 
established a temporary laboratory at a heavy infestation near ·Oran, 
Algeria. In Europe, in addition to the laboratory'at Budapest, 
summer insectaries were established at Moscenica, Yugoslavia; Rem
bortow, Poland; and Simontornya, Olasriliszka,and Doboz, Hungary. 
Over 1,000;OCt'O gipsy-moth caterpillars and pupae were collected and 
cared for at the foreign laboratories during the summer, resulting in 
the liberation ofappr£ximately 42,000 adult tachinids,consisting of 
7 species, only 10f which is ,known to be established. Moreover, 
53,424 puparia were placed in hibernation and 10,000 hymen~pterous 
parasites were liberated. After the season's importation ,work was 
finished Mr. Webber returned to Melrose Highlands, .and Mr. Muese
beck .and Mr. Brown remained at the Budapest laboratory to con
tinuethe investigations. 

During the years 1922 and 19.23 J. N. Summers} of·thegipsy-moth 
laboratory, carried on similar work in Japan fora.bout six months ·of 
each of these years. The~troductionsandcolonizations which .have 
resulted from these inves!Jigations aro given under the discussion -of 
tbeparasites concerned. . 

RECEIVING AND nANDLING THE FOREIGN MATERIAL AT 
THE ;GIPSY-MOTH LABORATORY 

A detailed discussion of the methods used in handling the various 
parasites will be found, as a rule, under the trea.tment of the various 
species. There it will be seen that the actual gathering of suitable 
material in foreign countries, and .landing it at our shores, are only 
small parts of the procedure necessary for the establishment and 
dispersal of the beneficial species .in thIs country. 

All possible precautions are bein~ taken to prevent any injurious 
forms from becoming established ill this country, especially those 
hyperparasites which prey upon the useful insects which are being 
introduced. During the early work when material was received at 
the laboratory the packages were opened witb the greatest care,and 
the parasite material was removed and assorted according to species. 
The host material often had to be given the best attention in order 
to rear any beneficial insects which it might harbor. In recent years 
a room in one of the labolatory-yard buildings has been especially 
prepared where all packages containing .insect material from foreign 

http:Airica,.to
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countries are opened. This room is in a fram, building with wooden 
floors, sides, and roof. The outside walls are clapboarded, and the 
roof is covered with tarred paper. The inside dimensions of the room 
are approximately 25 by 8 by 8 feet. Over the floor is tightly fitted 
a good grade of linoleum. The wooden walls and ceiling n.re cov
ered with plaster board the joints of which are sealed by nailing over 
them strips of ~-inch stock, lY2 inches wide. Between the ceiling 
and the roof is a large closed-in air space. In the center of the ceiling 
is a tightly 8creened area which permits the circulation of air. The 
walls and ceiling are painted with white enamel to make the room 
light. The building runs east and west and is entered on the east 

FIG.6.-Room in one of the laboratory yard buildings at Melrose Highlands, where the foreign 
pllckages of insects nre opened. This room is nlso used for reuring work with foreign material. Note 
tbe emergence and mating cages for tachinids at the right oC the picture 

end by two doors between which is a closed space about 3 feet deep 
and the width of the room. On the south side are three ordinary-size 
windows spaced equally distant from the ends of the room and from 
one anoth!'}". In front of them are working tables. .Along the entire 
north waU of the room about 3 feet from the floor is a. screened open
ing 30 inchcc; wide, in front of which is a long bench on which the 
emergence and mating cages rest. The screening over this space and 
over the windows is 50-mesh copper wire netting through which no 
insect can escape. Special methods, based on their habits of life, are 
employed in handling the different species received. 

1781°-29--2 
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HANDLING OF MULTIBROODED TACHINIDS 

The muItihl'ooded tachinids are usually receiyed at the labora
tory during July, coming as puparia, and special cages are used in 
handling them. "llen the curtiLins are drawn over the windows 
on the south side of the room the light enters tlu'ough the screens on 
the opposite side. It shines through the cloth backs of the tiers of 
cages (fig. 6), and attmcts the parasites away from the cage doors 
'which must be opened occasionally to remoye the parasites or replace 
the food. This eq uipmen t can be used with a lllullber of species of 
Ta('hinidae which lUlYe rather similn,r habits. 

The pupn,ria nre recei\'ed in sawdust in small boxes (fig. 7), and 
upon al'ri\"al at thl' laboratory the packages are opened in the room 
just d('scribcd. With smaU shipments, the puparin, may be tnken 
fl"lHll tlw silwclust by hand, but great sa\'ing of time results, particu-

Ell; 7. -A shipllIeut of tnchlllld pll(lllrin recci\'ed lit the gipsr'lIloth Inborutory during the sUlIlmer 
of W2ti, The puparin lire packed in sllwdust in boxes mellSuring:l~~ incnesdeell, 4', inches wide, 
lind 7 in~he.s long, seen fit the center of the picture. At the right is showu sinular waterial 
(lncked in match boxes 

1arly with lurgo shipmen ts, if the winnowing upparatus (fig. 12, a) 
is u,;(·d."~hon this cleviee is properly adjusted the pupariu may be 
sepHl'!l.tcd from the sawdust very rapidly. :Most of them are then 
examined individ ually under a bino('ular microscope in order to sepa
rntc the Yflrious species, for se"l'ralmultibrooded tachinids come with 
the sillgll'-broodpd one'''. The puplu'ia of the multil)J"ooded taehinids 
arC' plll(\('d in cugl's (fig. 8), for emergence. The lower cage (fig. 8, B) 
1U1-; a bottom of 14-mesh eOPP('r-wir(' notting, the top, ends, and back 
are coyl'red with ('otton ('loth, and the front is of wood or \,'ull board 
and hns a sliding door. The ('age is s('t on damp sand in a gah~anized
iron tmy (fig. x, A), and som('tjm('s a Sllltlll quanti~y of clalll!? ~and is 
spread OH'r the bottom of tho lower cage, B, winch keeps It 111 con
ttlC't with the lnrgl'r quantity of sand in the iron tray. The pupuda 
iU'l' placod .in eflgo B. 
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The Jil'l?-t flies to emerge are males, but the females begin to emerge 
Defore the male issuance is completed. As the flies come out they 
crawl up on the cloth sides of the cage. The males are removed and 
placed together, in cage·C or D. They are easily removed by placing 
a 4 by 1 inch test tube over them. As the tube touches them they 
crawl into it and are kept there by placing the thumb over the open 
end. As the females issue they are removed and placed with the 
males in C or D. The males in Cand D are older than the females 
and the freshly emerged females mate with them more readily than 
with males which have recently issued. The females which happen 
to become mated in the lower or emergence cage (B) are I'emoved to 
a coloruza tion cage. 
(Fig. 9.) DlU'ing the 
emergence and mat
ing period the cages 
are watched carefully, 
and as pail's are ob
selTed in coition they 
are removed, while 
still together, in glnss 
tubes in the same 
manner as are the 
inciividual flies. The 
tubes containing the 
mated puil's are laid 
aside and left unclis
tmbed until the pairs 
have separated. The 
males are th.en re
turned to the mating 
cages (R&,. 8, C and 
D), and tne fertilized 
females are placed in 
the colonization cages. 

In this manner the 
males are used several 
times in the mating .FIG. S.-A ruck o! emergence and mating cages lor tachinid.;: A, .\ 

glllvanized-iron tray, 3M by19 by 40 inches, in which sand is placedcages. As soon as a and kept moist; D, the emergence cage, 14 by 16 by 36 inches. on the 
wire·netting bottom o! which the pupnria.ore placed; C and D,lmatsufficient number of ing clIges, which are the same size lIS cage B, and are constructed in 

fertilized f em al e s a similar manner except that they ba \'e cloth bottoms ins tend o! 
wire-netting bottoms have been obtained 

they are liberated, and as the end of the mating and colonization 
period approaches the males are liberated with the females. 

The parasites are fed in the emergence and mating cages by attach
ing numerous pieces of dry loaf sugar to the sides and top of the 
cages. The lonf sugar is held in place on the cloth by setting it in 
small quantities of melted paraffin which hardens quickly and holds 
the sugar firmly in place. In the wire colonization cages (fig. 9), the 
pieces of sugar' are tied ill place. Clean water is placed in the cages 
on pieces of sponge, and several times daily the flies and inner sides 
of the cages are lightly sprayed with clean water. There is always 
some mortality of flies in the cages so that it is necessary to liberate 
them as often as a sufficient number are on hand for a colony. The 
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feeding of the flies appears to be very llnportant, and more 6XJ:>eri
mental work is necessary in order that ,this may be done under ideal 
conditions and in the best possible manner. It is likely that proper 
;feeding isa factor not only in the length of time that the mes live 
but also in. connection with mating and egg development. rn some 
cages, in addition to the loaf sugar .and water diet, pieces of fruit, 
vegetables, and flowers have been supplied, ibutthese have not seemed 

to prolong the life ·of 
the ,tachinids to any 
extent. 

The colonization 
cages, while being 
stocked,are kept under 
one ·of the ;buildings in 
a cool andshaded place, 
where .the flies .are less 
active ,than they would 
,be in the 'bright 
sunlight. In liberating 
the flies it is 'merely 
necessary to remove a 
port,ion of one side of 
the cage to allow them 
to ,escape. 

HANULINGOF 
SINGLE.BROODED 
TACHINIDS 

Several methods 
havebeentried for 
carrying ,through ,the 
win tel' the single
hrooded tachinids 
Pharocera ,agilis and 
8.tu,rmia. 8cutellata, 
which pass ,the winter 
in the ground within 
their puparia.Tih,e 
method which seems 
toserv.e ,best is ,de
scribed below. 

FIG. 9.-Two tucbinidcolonization cages 18 by 24 by 36 .incbes, Most of .the puparia 
covered witb copper·wiremosqulto netting. Tbe!lies and loa! 
sugar used for tbeir food are show n in tbe ,picture which ,are received ,are 

placed in hibernation 
wit,hout attempting to separate ,the living ones from the ,dead ,ones. 
The puparia are packed in light sandy loam, in trays 14 inches square 
and 3 inches deep (fig. 10), for hibernation. The hottomofeachtray 
is of 60-mesh copper-wire screening. In filling these trays about 
one-halI inch of soil is placed in the bottom of the tray, then a layer 
of puparia is placed in it, so spaced .as not to allow the puparia to touch 
one another. These are covered with about one-halI inch of soil, 
,then another layer of puparia is placed in the ,tray, and the process 

http:U.B.DEPl'.OF
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.continueduntil ,the ·tray h88.beenfilled. It is then.covered,with ,the 
/WIle :lType .0fcopper-w:ire~reening:88 w!iS used on t~e .bottom ;0£ ,the 
-tray. The trays .are set mtoearth which has preY:lOuslybeen well 
-apadedand leveled in ,the laboratory yam, and covered with '3 or 4 
inches of 'soil and the whole is protected with a light layer .ofstrawor 
leaves. . 

In the spring, just ;before .thetime for the .adults to issue,thetrays
are taken up and the .puparia removed from .thesoil.The puparia 
.are then ,placed in rearing .Cag£lS .and haridledthe same ,as are the 
multibroodedspecies.' 

F1G.10.-:.A laYer of Sturrnw scutcllaiapuparia .bI!lng .pr~pared .tor .hibernation 

HANDLING OF HYMENOPTEROUS LARVALPARASITES 

The hymenopterous parasites of the gipsy moth and .the !bro:wn...tail 
moth larvae yary so greatly .intheir habits .that ,different methods, 
described in .detail under the several species, have had .to be used in 
handling them.. In some cases the :best results have ,been .obtained :by 
rearing the parasites for liberation from foreign collections of .their 
hosts. In other cases, ,especially when .onlyafew specimens of some 
species .could be obtained, they have ,been increased .through reproduc
tionat the laboratory before liberation. In the case of one species, 
large numbernof its hibernating cocoons ,were .collected, sent to this 
country,and held until the adults emerged the following spring, where
upon ,the adults were liberated. Another species was collected in 
Europe and ·broughttothis .country in ,the adult stage. This lot 
required specialattentioo .and .careenroute.. Most of these adults 
were liberated upon arrival here, ,but some were retained .atthe la.bQ
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l'atory ;a.nd used in reproduction work, which resulted in .the r.eari.Jlgof 
large numbers ·oftbis parasite for liberation. . 

..Alter :the parasites became established, and when furthercoloniza
tion was necessary, they were collected in tbiscountry. Some species 
can be obtained in large numbers hycollectingthe{Jroperstages of 
their hosts .and .caring for them until the parasites issue. With .other 
species it is best to ,collect the hibernating cocoons ·of ;the parasites, 
.and use the adults, when ,they issue, in reproducing large numbers 
for .colonization. 

HANDLING OF EGG PARASITES 

Two species of hymenopterous egg parasites of the gipsy moth 
have ;been .establiShed intbis country. These are handled 'byentirely " 
different methods from the larval' parasites. One species, which has 
several generations .each year, is obtained in small.numbers from .col
lections of gipsy-moth ,eggs. These are then increased to large numbers 
for liberation each season by rearing them through several generations 
at the laboratory. The other species, which has a single ;generation 
each year and passes the winter within .thegipsy-motheggs, :is .ob
tained in large numbers by.collectingthe host eggs.and separating the 
parasitized from the nonparasitizedeggs. 

HANDLING OF PREDACIOUS BEETLES 

The .adultsofpredaciousbeetles have beenc()llected in their ·native 
countries and_shipped here. They have arrived in. this country in 
good condition when each beetle was placed ill.a small match box with 
.damp spharnum moss. In some cases .adult beetles of foreign origin 
have been liberated here, but in most cases ,they have been held at 
the laboratory and increased through reproduction. Mtersuitable 
numbers have ,been obtained by this method,adults .as well as their 
larvae are liberated. 

FOREIGN INSECT ENEMIES OF THE GIPSY MOTH 

POSITIVELY ESTABLISHED 


Over 93,000,000 enemies of the gipsy moth and the brown-tail moth ,~ 
have been liberated in this country. Some 47 species have been lib- ' 
erated, 15 ·of which are known to be positivelyestablishelJ-, and 9 or ) 
10 of these have become ·of considerable importance as .enemies ·of 
these insect~ in N ew En~land. Severalotherimportan~ species, which 
have been liberated dUl'lllg recent years, may beest!1blished, although 
absolute records to show this have notbeen.obtalled. 

In the following discussion the parasites' have been arranged in the 
order in which the stages of the host are .attacked. Those parasites 
attacking the eggs are treated first, then those which parasitize the 
small, the medium, and the large-size caterpillars, respectively, and 
finally those which kill the pupae. They have been arranged in two 
groups-those that are positively .established and those that are not. 
Only the species which have been encountered in the recent investiga
tion are discussed in the text, as the status of theothel's reported in the 
earlier work by Howard .and Fiske (14-) has not changed.. All.of the 'jj 
species, however, which have been .liberated, .are included in the sum
mary of the total colonizations·of imported enemies of the gipsy moth 
and brown-tail moth. 

.j 
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EGG PARASITES 
ANASTATUS DISPAJUS BlIIIdobj 

Anastatu9 disparis(fig. 11) is .a parasite of the gipsy-moth egg. 
It attacks ,eggs ,other than those of the gipsy moth 'nth reluctance, 
but has been bred in laboratory experiments in eggs .of HemileUC(1, 
olit-we Ckll.and Hemerocampa ,kucostigma S. & A. The species has 
also been recorded .as acting as .a hyperparasite on Apanteles mel
anoscelus Ratz. ExtenSive collections .of cocoons .of ,this Apanteles, 
however, .show ,that ,the role. played by Anastatus .as a hyperparasite 
is 'Very inconsequential. It has .asingle generation ,each year, passing 
the winter as aJarva within the .gipsy-moth egg. It is now firmly 
established and is rated as ,one.of,the most important of the intro
ducedenemies .of the gipsy moth. It disperses slowly and this has 
necessitated a large .amount of .c.olonization in. order to hasten its 
establish'mentover the .entirearea infested by the gipsy moth. 

FOREIGN DISTRlB.UTION AII,D ABUNDANCE 

This par.asite is widely distributed in Europe and in Japan. It has 
been r~covered at the gipsy-moth laboratory at Melrose !Ug!llands 
from gIpsy-moth eggs collected at Akabane, Fukuo'ka. Funakimura, 
Gifu, .and Nishigahara,Jallan; Crimea, Schiriga, Kiev, and Kishenev, 
Russia; Lipova. (Lippa),5 Dorgos,and Sistarovat. Rumania; Huszt, 
Poland; Schlesien"Germany; and Nantes, France. Recentinvestiga
tors from the gipsy-moth laboratory have found. this parasite at 
Yokohama, JapanJ Hyeres, France; Madrid, Talavera de la Reina, and 
Salamanca,Spain; Caltagirone inSicily,ltaly; Dahlem,Germany;:Beli 
:Manastir, Yugoslavia; Belki, Czechoslovakia; .and Vetren, Bulgaria. 

Examinations made at Melrose Highlands .of gipsy-moth egg clusters 
which were collected in foreign countries, and field examinations made 
by the bureau men, indicate that, although this parasite is distributed 
over much of J apanand Europe, its abundance is variable ,and periodic. 
cal. The records .of the parasitism of ~psy-moth .eggs which have 
been .gathered from Japan .and Europe mdicatethat .this parasite is 
more abundant in some of the European countries ,than in Japan. 

During the winter of 1908-9 approximately 1,000,000 gipsy-moth 
eggs were received from the towns listed in Rumania and Poland. The 
value .of this parasite in Europe that winter is well demonstrated .by 
the fact that appr.oximately ?5 per. cent ?f these .eggs c.ontained 
Anastatus. Recent work earned on m Spam by the department .of 
investigations .and exterminati.on.of f.orestplagues, under the directi.on 
of Manuel Aull6, has sh.own that this parasite is an important enemy 
.of the gipsy m.oth in thato.ountry. The Spanish .authorities.are 
transferring Anastatus fr.om ,areas of abundance t.o otherpar.ts of the 
country where it is absent. In this ;work they have found ,the para
sitismby Anastatus to run fr.om none to 35 per cent,and in some l.oca
tions where large collections ofgi:psy-m.oth .eggs have been made ,an 
average of 15 percent were parasItized by Anastatus. The.experts 
of the Bureau of Entomology, whllecan-yingon parasite investiga
tions in Spain from 1922 to 1925, found Anastatus present in gipsy
moth egg .clusters in many places, .andrec.ords of from 10 to 20 per 
cent of parusitism were obtained . 

•In .prey!ous American literature rererred to lIS Ana.tatua bifa.ciatu. :Fonscolombe (1 a, Ita). 
I 'I'he towns listed in Rumania and Poland were in Hungary w.ben.theseimportations were .made. 

http:otherpar.ts
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FlO. 11.-Anasla/IU dispari8: a, Adult, X 19;b, uterine .egg; c, hibernating larva removed from, 
egg, X 45; d, pupa, X 47; e, ZWWdlbl0s, X 19. band. e, greatly.en1a.rged. (Howard and..Fiske) 
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SCHEDIUS KUVANAE AND ANASTATUS DISPARIS 

n, Gipsy moth egg cluster with adult Schedius on it, X l),~;b, female gipsy moth depositing egg
cluster, with [emale Anastatu5 on cluster,IHe size; c, Anastatus colonization mark on roadside tree; 
d, gipsy moth egg duster showing exit holcs of Schedius, X 2; e, hibernating larva of Anastatus as 
seen within host egg, X 34;1, Anastatus colonization can in position on trce trunk. d and., Howard 
and Fiske; a, b, c, and/. Crossman 
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:IJIFE lIISTO~Y .AND .HA:B&':;:.f 

"Normally Anastatus .has ,asinglegenera.tion each :ye.ar,;81tho,ugh . 
. o.ccasio.nallytwo. generatio.nshavebeenrecorde.dinonese.ason. .JJsuslly 
.nearly 12 :mo.nths~e speIitbytheparasitewithin'the :gipsY~lIlo,the.gg. 
This' iperio.d.ranges no.rolO to 13 months. Records ,have .also 'b.e~n .•ob
taine.do.I ..AnastatusliYill:gwiiliiingipsY'".mothe.ggs ior t;w,o:y-eal'lFwhen, 
theseeggswereplacedin;cold'storage at.a ·temperatureoiabout:300jF . 
. andkeJ',tJtnerea year sl,t.er the.nor.mal.·time o.f i~su.anc.e o.f the para.si.te 
(10). Mo.st o.f,the Anastatus iem~rgefmrogIpsy-motheggs,after 
hibe~atio.n, during the last ·two. weeks.o.fJUly.Thisperiod 'Varies' 
somewhat withtheseasOn,buto.ccursat the time when the majo.rity 
o.fthe .female gipsy ;moths are ,depoSiting :theireggClusters.'Tlie 
,female parasites .are often seeno.n thegipsy..,motheggs .befor,e the 
cluster hasbeencomple,tely :dejlosite.d.Theparasiteegg and larva 
develop quickly, requiring o.nlytwo w:eeks.todevelo.p fro.m e.gg~to'full-
grown larva. . 

The males fly, but ,the f~malesare unable to do so, and the adult 
life is rather short in confinement-l0 days -to 2 weeks,being ;tne 
average when they a},e kept in cages andJed a.niixtlll'e of·4.o ,per cent 
of honey in water. 

IMPORTATION 

Anastatus fo£colonization:i:ri. N ew.England were origina.lly o1>tained. 
fromgipsy-mo.th e.ggs which were collected in Europe .and Japan. 
Large !Shipments o.f gipsy-moth ,eggs were Teceivedinbulk,in 
cloth bags inclosed in wooden boxes. In <the case of . smaller lots, 
the egg clusters were often wrapped individually in paper .and 
paclred in layers between blotting paper. The shipments were 
r~ceived by both mail and express in a satisfactory co:.dditio.n. In 
shipping large cOllections o.f gipsy-moth eggs, it is advisable to divide 
them into packages of abo.ut ,2 quarts each. This avoids heating, 
which is apt .to occur when larger quantities .are confined ,in tight 
packages .for several weeks. Some smpments came in the steamer's 
cold storage, but this is not necessary unless the eggs have . been 
exposed to freezing temperature before they were .collected. 

Gipsy-moth eggs parasitized by this species begantoarriv-e during 
the winter of 19.07-8. At fustthey :wer:ekept ,in the laboratory 'to 
hasten the issuance o.f the parasites, in the expectation that 'the 
adul.ts would parasitize large numbers of the gipsy..,motheggs :which 
had been held in cold storagesinc.e the previous fall. No .reproductio.n 
was 0 btained from these experiments, ·and the xemainderof the foreign 
eggs were placed in cold storage until the appearance in. ,the 11eldof 
new gipsy-mo.th egg clusters. They were then :removed and the 
adults which issue.d at this timew.ere liberated. During the winter 
of 19.08-9 large shipmentsofgipsy~moth.eggclusters werereceiv.ed, 
mostly from Hungary. These eggs were .placedin trays fo.r the non
parasitized ones to hatch, the parasitized eggs .being left -for u.sein 
colonization. . 

COLONIZATION 

The first few individuals o.f .AnastatusJib~rated in New England 
wereadults.released during the summer of 1008. They were obtained 
from gipsy-moth eggs collected in Japan and Russia. In 19.09 the 
species wasC9lo.nized .in much greater numbers as mature .larv.ae 

http:werereceiv.ed
http:gipsy-mo.th
http:fromgipsy-mo.th
http:gipsY~lIlo,the.gg


:26 'TE,ClINI<JAL ..BULLE'l'IlIj' '86, ~n.s'. :J)~~. ,OF.AGIqCUL'.lWR!l 

\.' within the host eggs. Most .,of this .m~terial .c&me.'from H~ga.ry:, 
although some was from .Japan. 'The~pecies quickly becameestab
lishedso ,that .all:ofthe Anastatuscolonized.after 19.09 were ,obtained 
iIl'New England. " 

..As Anastatusdisperses very slowly it has been necess8.~ to ·colonize 
,the tlpecies eachyea.r in large numbers, in .order to hasten Jihe time 
whoo it would .become well distributed, and 'thus to derive as qUickly 
aspossih,l}e the benefit ,of ,its presence.T.able 1. gives 'a. summary of 
the \numbers of Ana.status which have been liberated:in this country. 

" 

TABLE l.-Numbers.oj A:nast.atusdisparisc~lonize€J..in New England 

'Number liberated. fu

'Year 
Massnchu· New 'Maine .Rhode I' .Oot:nectl-vermont Totalsetts Hampshire .Island cut 

-----1
1908______________ 513 _________--- _______________________________.---- ____________ '513 
1000______________ 128, ISO ____________________ ••-- ____ •___ • _____• ________._ ___________ 128, ISO 
1010________.______ 105,000 _________________________________--- __________~_ ____________ 105,000 
1911. _____________ 227; 500 .26;'000 ____________ ____________ ____________ ____________ ;253;500 
1912______________ 621,000 ___ ,,______________________,---------- __• _____.•--- ________.____ 621,000
.11113 ___ .______.___ 851,000 571,.000 _______________________________.:____ ______ ______ 1,422, 000 
1914 __________..____ 1,047,000 514,000 ______________...____________.---___._ ___________ '1,561,000 
1915__ ____________ 6, 877, 000 1,501,000 813,000 ____________ ____________ ____________ 9,191,000 
11116 ___.___________ 8,227,000 3,522,000 942,000 _________________._,,____ ____________ .12,691,000 
1917_____ .________ 1,722, 000 4,:376, 000 1,357,000 573,000 51,000 ___________ 8,070,000 
1918'_____________ 645,000 575,000 377,.000 93,000 55,000 ___________._ 1,7.45,000
1019_____________._ .2, 111, 000 6,273;000 1,675,000 135,,000 144,000 ___________ 10,338,000
1020________-____ ___________ 1,214,000 ________________.____________________ '____________ 1,.214,000 
1921._____________ '500,000 _____________________________.______ ____________ ____________ 500,000 
1022______________ 3, 7~000 816,000 ,242,000 258,000, ,.430,000 .112,000 5,566,.000
1923_.-____________ 333,000 225,000 167,000 ____________ ',200,600 . 5,OOOll3(),OOO 
1924______________ 291,000 4\)1,000 200, 000 41,·000 257,000 100,000 1,383,C.oo

,lU21j______--------- 492,000 1,.088,.000 500, 000 ____________ 33O;1J(.~ 25,.000 ,2,435,Goo 
1926______________ 1,040,000 207,000 1425,000 196,000 .400.000 59,000 ,2,333,000
.1927. _____________ '.2,527,000 1,369,000 650,000 ____________ 596,,000 6,000 '5,148,000 

'TotaL_____ 31,459,193 22,771,0007,348,000 1.296,000' 2,463,000.,1 307.000 I 65;644,193 

! 'Enough eggs of.the gipsy moth were collected durlngthe winter of 1917-18 to yield 8,000,000.Anastatus, 
but unusuallY low temperatures caused. heavy mortality of both host and pa.."IISite. " 

'Estimated. The greater part of the material was used tor a large reproductiOUlexpariment. 
'50,000 of this number estimated to have been the.numhllr in.one colony. 

"1.000.000 of this number used In an experiment In a heavily Infestedaie&:. 

A total of 65,644,193 .Anastatushave beenrelea.sed . ,For the most 
part these have been liberated in colonies, each consistiI!g 'of 1,000 
parasitized gipsy-moth eggs. They were placed in small ·tincans 
(p1. 3, j),pronded wi.th several small .holes 'near the top, through 
which the adult parasites escaped .as theyissue.d.These cans were 
fastened to trees. In the older infested towns, whe.re the gipsy-moth 
infestation was general, ·each town was colonized. thoroughly. The 
one 7iI{ho .liberated the colonies was provided with a blue-print map 
shoWing all the Ioads in each town,Wherc ,the gipsy-moth infesta
tion was sufficient to warrant the liberation, colonies of parasites were 
placed one-;fourt~ of a .mil.eapart onbothsi.d~ofall roads, .in wood
land, a lew hunru'ed feet mfromthe roadslde. As each colony was ,.,\liberated, its Joca.tion was marked on the blue ,print. Two colonies in 
each town were marked in the :field so that they might be easily found 
for later observations. Reference to Figure 3 will show that most of 
the colonization which .remains"tobe done is in the border areagener
ally considered lightly infested. In much of this area it is notpracti
cable to colonize solidly, as has been donem the olderinf~ted terJ!itory. 
Here the infestations are often several mil.es .apart. In these infeSta
tions 2,000 or more parasites of Anastatu~areliberatedin each colony, 
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.APl'ARATPB AND .METHODS UBEDroOB:rAIN:ANABTAT,lIB 'FOR ,COLONIZATION. 
( 

In the ea1'1y work, :before Anastatus was ,generally distributed, there 
were a few strong Anastatuscolouies where, ~the parasitized gipsy
moth .eggs were gathered. ;Using the center .ofa co}onyas ;astarting '.1 :~ 

point,·8 Jines ,were;run OU~,~?~~.;t..heca.rdinal priintsof,the compass.and 
4 midway b!:)twoon ((;}t~".ln ~~e :f.all samplecollectio,:,s of :gipsy
.motheggswere made at desIgnated dis.tances a10ngtheselines.These 
sample collections iwe.r.e~amined at the laboratory to tdetermine 'the 

'.'. 

.FIG. 12,-,\pPllrotus used .in gipsy-moth egg-parasite work'wilh AOfU/1U1U di8porb: Il. Separating, 
appnmtus used to sepnmto gipsy-moth eggs from the halri b, showing Inner Sllrfsce of disks of oopo
mtlng apparlltusi c, bouncing apparatus used to sellamte nonpamsltl&ed eggs from eggs contBining 
Anustotus Inrvre; d, winnowing apparatus used for 5eparotlng the eggs. containing AnUStBtus larvre 
from the eggshells, dendeggs, .and other .matorial removed from tho hlitch1ng trays. (CrosslllBD) 

percentage of p\l.rasitism of the eggs. In this manner.it was possible 
to determine the flil'ea in which the parasitism was greatest and, where 
large collections of gipsy-moth eggs could be made, to furnish a supply 
of Anastatus for the spring colonization. 

In recent years Anastatus has become so evenly distributed over a 
large part ofthelt:y~moth-in~ested.area th,at,it ,has not bee~ neces
sary to select a tedareo. .m which to collect themo.tenal. A 

http:manner.it
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few sample collections of gipsy",moth eggs are made "each lallfrom 
various locations. From examination of these collections the best 
places from which to obtain the general collections of .Anastatus for 
colonization are determined. 

During the winter large collecti()ns of gipsy-moth egg clusters are 
,made at the points which have been selected. .At the labora.tory 
these egg clustersll,re broken up, and the eggsse.llarated from the 
hairs by means of an apparatus developed for this purpose. (Fig. 
12, a and b.) It consists of two circular wooden plates which are 
padded on the surfaces that are in contact. The lower one is sta
tionaryand the upper plate revolves on a spindle by power from a 
small motor, its.inner surface lightly touching the upper surface of 
the stationary plate. The egg clusters .are iedto the apparatus at 
an opening near the center of the upper plate. ..As this plate .revolves, 
the egg clusters are drawn between the plates, gradually broken up, 
and worked between the surfaces of the plates until the eggs .:reach 
the circumference, where they iall off, separated and clean, and are 
caught in a jar beneath. The hairs and dust are removed from the 
apparatus by means of a suction blowar a.ttachedto a galv8.Ilized
iron pipe which leads from the center of the apparatus to the outside 
of the building. 

After the eggs ha.ve been separated from the hairs, the parasitized 
eggs are separated from the nonparasitizedones;by allowing them 
to run by gravity over an inclined plane, at the 'bottom of 'which is 
a small. piece of metal placed in. a horizontall>2sition. .As the eggs 
hit this horizontal surface they rebound into ilifferent compartments 
ofa box which is placed at the bottom of the inclined surface. (Fig. 
12, c.) The eggs cont!l;ining Anastatus larvae drop .into the first 

. compartments of the box, while the nonparasitizedon.es rebound 
farther into the compartments beyond. When the parasitized eggs 
have been separated from the nonparasitized ones they are.measw·ed; 
and each measureful, containing approximately 1,000 parasitized 
eggs, is placed in a small envelope and held UIltil spring for colo
nization. 

COLLECTIONS .OF GIPsy-MOTH Eoos TO DETERMINE THE PARASITISHBY 
,A.NAsTATUS 

Each year, since the liberation of Anastatus, collections of gipsy
moth eggs have been made to determine the presence of the parasite, 
the amount of parasitism caused by it,and its dispersion. The 
results shown by the examinations of thesa collections have recently 
been published (10), and only two sets of records will be included 
here to bring these up to date. 

For the last eight years small collections of gipsy-moth egg clusters 
have been made from the different sections of eachtowD shown in 
Table 2, and the figures obtained by the examination of them show 
the degree of parasitism of the gipsy-moth eggs by Anastatus in the 
area represented. 

~ 

~I 
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TABLE .2.-Average percentage of,paraaili8mQfgipsy-,moth eggs by Anastatusdisparis 
as 'indicated 'by representatille collections made in flveto:lD1l8 in Massachusetts . 

. A.verago 
Burllng~ • ;Lynn. North. Wllm·Year J)ovllr parasl·ton ;1Ield Beading iDgton tism 

PeT MIl .PeT.unt PeT cent PeT cent :PeT cent Per cent 
1919-211-................._•••••••__• __••_._ 14 14 11 16 16 14.2

11120-:21•••_. __•••_ •••___• ___••_••___••__•• .24 34 19 .23 211 :25..2
1921-22_•••••••.•___ ••••____•__••••• __._._•• ';f135 31 35 34 34.4 
.1922-23__• ___••••••••••••.••••_••__•••~. 32 31 :28 .25 30 ;29.2
1923-24.•_•••••••••••_••__ •__•••__•••___ .28 24 14 11 ·18 .19.0 
1924--25•••••••••••_•••••_.__• __•••••••_._. '17 9 12 6 .6 10.0 
1925-026•••••••••••••__••••••_••••__•.••••••• .6 .10 7 7 2 ,6.4 
1926-27••••__, ••_ •••_._•••••••.••••••••••• 8 22 16 ,13 .18 15.4 

In Table 3 are J:9.ven data 'which represent a much greater ·area than 
is considered in Table .2. These data have been gathered during ·the 
last 15 years and show the yearly .average abundance of Anastatus. 

TABLE 3.-Summary of e:z:aminationsofgim'-moth eggs collected ar~nd .the 
" observationpoi1itS" 

Eggs .parasltiud 
Number ot elusters TotnI Para· 

collected sltlzedNnm· By Anastatus BySchedlusber oC 'roW 
Year colIec- J!ara· 

tion sitism 
points Me- Me- ByLarge dium SmnII Large dlum SmnII ADa· ByMe-Large dlum SmnII Total elus- clus- clus- elus- Scheelus- clus- sta-'ters ters ters ters dlusters ters tus 

--'-----------------
PeT .p.,- P.,- P.,- P.,- p.,- Pu Pu Pu 
cent ·unt cent cent cent cent unt cent cent 

1012-:13._••••• 77 1,.131 1,,127 1,102 3,300 0.207 0.19 0.c28 0.33 0.50 0.64 0.21 0.43 0.64 
1913-'14••••••• id 1,068 1,000 .1,053 3,211 .718 •. 87 .23 1.09 1.19 1.54 .85 1.20 .2.05 
1014-15••••••• 60 1,069 1,067 1,648 3,184 .93 1.13 .93 .83 .97 1.16 .09 .93 1.92 
11115-16••••••• 66 1,037 1,050 1,046 3,133 2.33 2.86 .2. 91 1.36 1.21 1.57 .2.62 1.35 3.97 
1916-:17••••••• 64 921 1, 015 1,001 2,937 4..36 5.27 6..46 2.36 2.77 3.31 5.01 2.66 7.67 
1917-18.•__••• 68 7D2 .1,034 981 .2,807 6. 11) 7.69 9.54 2.30 2.83 4.18 7.211 .2.78 10.04 
1918-19••••••• 64 913 852 2,655 9.25 10..22 .10. 75 .Il .09 .21 9.83 .12 9.95 
1919-20••••.•• 49 .~~ 730 731 1,900 9.75 .11.111'12. 53 .50 .58 .92 10.84 .61 lL,t5 
1920-21..••••• 49 007 742 694 2,103 15.57 17.85 '19.56 c03 • ITT .. 13 16. t'6 .Illl 17.ot 
1921-22._••••• 51 357 708 6115 1,700 25.03 .28. 60 31•.20 .09 .12 .23 27•.86 .13 27.09 
1922-23••••••• 49 351 758 333 1,~ 17.22 24.25 30.10 .98 .85 1.12 .21.94 .93 22.87 
1923-24 1•••••• { 17 119 359 lot 582 18. 51 30.35 .71 .52 .17 22:18 .55 .22.73 

00 500 1,403 389 2,352 16.32 ~:~ 26.78 •. 33 .32 .21 20.00 .29 2L25 
1924-25••••••• { 17 00 111 '69 .276 10. 6 11.8 .13.06 .47 .05 .17 11.10 .28 11.38 

61 392 493 .281 1,166 7•.8 10. 5 13.0 .19 .13 .26 10.10 .18 10.28 
73 161 68 302 14. 7 .14.5 ,20. 9 .11 :08 .06 15.36 .09 15.45

.1925-026••••••• t ~ 368 541 200 1,100 9.8 12.5 18.0 'T T T 13.1 T 13.1 
1920-27._••••• 17 40 226 88 '354 6..3 7.1 10..2 0 T 0 7.4 T 7•.4 

!II 153 8UI .271 .1,240 5..3 5:7 8..1 T T T .6.3 T '6.3 

1 Annlrorm method et l'Ollectingaud emmining theeas was followed from 1912 through the spring ot 
1923. Since that date the colIectlous .have been made, ,when'llO!l8lble, from approximately the saine Ioca
'tloDS as previously, bnt over 8 larger area. The ens from 17 or the,polnts have been esamiDed IDthesame 
.manDer as prevIQ\~<i1y. :A sllgh~ly different method has been used In emmining colIectious trom the other 
points. Thesedat.j have been .kept IIIlpamted In the table. Theyshow·that tbe method used Cor the 17 
points Is more accrJl'Bte than ·thAt used tor the larger number oC points. ,However, ·the dllference In the 
totnI parasitism shown by tbe two methods o(emmlnation is.not very great, and the method oC emminBtlon 
used 'Cor the majority ol.the collections is :much .more rapid. 

J T used.1n the Schedlus co1UJ1l1l Indicates that onl)' .8 trace of this species was (ound. 
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Each year theegg-cluster collections have been made,so :far !.aspossibJe, in the same tOWllS scatteredov.ereastern Massachusetts and!Southern New Hampshire. 'The collections have not ,been made withreference to parasite colonizations, and the ,data show the actual average degree of P8f'asiti~mcause9. by this spec.ieseach ~year in~e'area under conSIderatIOn. These eggs have heen collected WIthconsiderable care, and an attempt has beel) made to obtain an ,e<.\ual:number ·of large, medium, and small egg clusters in ,eachcollec.tion.The examination of egg c1uste:r:s separately has sbown ,a considerabledifference in the degree of parasitism of large and small-size clusters.These examinations have shown that the percentage ·of parasitism insome years of the small ,egg clusters was nearly twice as great :as itwas of the large clusters. This is an important factor in the parasitism of the gipsy-moth eggs, for during certain years the gipsymoth egg clust&saverage medi~ ,and small in size.
The data obtainec;l from the egg-cluster collections ,given in thesetables show an increase in the abundance of this parasite untiltbefall of 1922. The decrease,which was 'first apparent in the ,eggs collectedthat fall, continued untUthe fall of 1925.
In addition to the records pertaining to the degree of parasitismof the gipsy-moth eggs, data have been gathered showing that thereis practically no difference in the degree of parasitism of the eggs inrelation to their position on the trees. ,Other data have been gatheredin l'egard to the winter mortality of Anastatus which indicate thatduring the mild winters there is practically no mortality over theeastern half of ::Mnssachusetts, southern New Hampshire, and southwestern Maine. There is some mortality in the colder sections ofthe area during a severe winter, such aathe winter of 1917,...:18. Ah1gh percentage of the parasites survive in the gipsy-moth eggs ,,'hichare laid in protected situations or are covered with snow or ice. 

RECOVERY AND D1SPERSION 

Because of an epidemic of wilt disease which killed practicallyall of the gipsy-moth larvae and pupae in the immediate vicinity,no recoveries of Anastatus were made during the spring of 1909 atthe site of the colony that was liberated in 1908. During the summerof 1909 many adult Anastatus from the parasite colonies whichwere liberated during the spring of that year were found workingon the gipsy-moth eggs. The:first records of Anastatus havingpa$.~ed aNew England winter successfully under natural conditionswere obtained in 1910.
A study of the yearly dispersion of Anastatus was carried on forseveral years.Oollections of gipsy-:moth egg clusters were madeat points 50 feet apa.rtalong eight lines which ran from the centersof several colonies. Later, beginning 600 feet from the colonycenter, the collections were made at 100-foot intervals, :and as the ,dispersion continued the egg collections were made along the lines100 yards apart. These studies showed that Anastatus is a slowspreading parasite, but that as the parasite increases in abundanceand the colony in area the yearly spread becomes much greater.They showed that during the year that the parasite was . liberated it spread out only 200 feet, but that five years later it had spread4,800 feet from the point of liberation. 
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''l'hedispersionof Anastatus :has beengreat1y ,accelerated ,by an 
,enormous amount of colonization. It is now generally present 
within the Anastatus line .as indicated on the map (fig. 3). A :few 
liberations have been made 'beyond this line but there 1s still ,a con
siderable amount 'of colonizing to be done with :thisspeci!,\s. 

YALUEOF ANASTATUS DISPARIS 

The data which have been ,given in the ,discussion ,of Anastatus 
disparis clearly show that it is an important enemy ,of the gipsy 
moth. Many ,collections of ,gipsy-moth ,e~ clusters were made in 
which over 40 per cent of the,eggs had been killed by this parasite. In 
fact, as far ,as it has ,been possible ;to ,obtain data, Anastatusappears 
to be of more value in this \country than in the countiiesfrom which 
it was originally obtained. .H is thoroughly ,established, and .although 
it suffers some mortality .duringthe severe winters in New England, 
it appears to withstand them ;8S \well.as, .01' hetter than, its ·host. 
It is now present over most ·of the area which is considered generally 
infested by the gipsy moth, land although the ,degree of parasitism 
is not at present as high as it has been, a rapid ,recovery to its ,earlier , 	 status is expected. . 

SCHEDIUS KUV~AE Howard 

The ~ipsy-moth '~g parasite Schedius 7cuvanae Howard ,has .several 
generations each year, ,and at times, since it became ,established, it 
has been very abundant in many sections of eastern Massachusetts. 
Its periods of ,abundance have been very irregular, and th!'\ ,areas in 
which it has been plentiful have been scattered. In some seasons it 
has parasitized a remarkably large percentage of the gipsy-moth eggs 

,.t 	 in rather small sections of the territory, and it appears to be better 
adapted to the milder parts ·ofthe infested area. 

FOREIGN DISTRIBUTION AND ABUNDANCE 

Schedius 7cuvanae (fig. 13) was introduced from Japan and is not 
lmown to exist .in any of the European countries. At the gipsy
moth laboratory it has bee~ reared fr?III: gipsy-motheKgs collected at 
Akabane, Fukuoka, Funakimura, Nlshigahara, and Tok-yo, Japan. 
The data which have been gathered as to the distribution and value 
of Schadius .in Japan were obtained by the .examination of gipsy" 
moth eggs, most of which were sent to this country by S. I. Kuwanai 
and by observations made.in that country by J. N. Summers,of the 
Bureau of Entomology, while studying the natural control of the 
gipsy moth there. Examination of these eggs showed that this 
parasite was plentiful in some locations and ,entirely absent in others.. 
As high as 33 percent of one lot of egg clusters were .killed by Sched
ius,indicating its value .in some areas. 

'LIFE HISTORY .AND HABITS 

After many experiments, satisfactory proof was obtained that 
Schedius passes the winter as an adult .inthe forest debris. There is 
a large mortality e!J,ch winter, ,and ,only strong fertilized females well 
laden with ,eggs have been .recovered ,in the.early spring. The 
females which live through the winter first become active on the 
warm days of April. Many of them do not leave their .hibernation 
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,quarters ~til .the middle .or ~8St ·.of '~ :DlQnth.TheseadUlts liye~ . 
in ,experimental ,~ages,for from three ,1;9 fin 'w:eeks ,and ;oViposit :read

FIG.13.-Schtdiru l:uuanlU:a, Adulttemale, K4O; 'b,ea: t,third-stap:Jarva stillrotalningecg
stalk and anal shield, X 40; ,d, egg stal1t and anal ahleld oflarvaas found in.h06teQll of the gipsy 
moth from which the adult Schediua has eIDelIIIId OI'.in which the 8ch11diua Jar:vaJuls been attacked 
by a secondary 1lII!Bllite;e. larval mandlbles; J, ,pUJllA, .X ~ ·b,d, .and ,e .p:eatly ,euIarpd.
(Howard and .F,lske) . .. . . . . 

ilyin ,the .over;wintering ,gipsy",moth eggs. 'This :gene~~:~n requires 
,approximately six weeks Ito mature, ,but 'later in itheseason ·the 'gen
,erationsmaturein. ,about :threeweeks. 
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In the spring so.me ,o.f the Schedius pass ,thro.ughtwo. 'generatio.ns 
whereaso.thers have .o.nly ·o.ne. Adults iru:e ready fo.ro.vipo.sitio.n in 
the new ,gipsy-mo.th ,eggs .as ,so.o.n ,astheyru:e laid in ,July, ;ando.cca
sio.nally o.ne will :be 'fo.und parasitizing 'an egg cluster :befo.re it is 
co.mpletelydeposited lby ,the mo.th. The fall .generatio.ns o.verlapso. 
that ,adult Schedius are present in the field fro.mthe time of ·gipsy
mo.th ,egg laying until ,early in No.v.ember.. During t.he late summer 
and early tfallo.nly 21 days ,are required fo.r .a ,generatio.n, ibut as the 
co.o.l weather .appro.aches .a lo.nger,time is necessary. During Jan 
'average seaso.n, fro.mthe middle o.f .July to. ..earlyNo.vember, ,there ;is 
.ample time fo.rthis parasite to. co.mplete fo.ur generatio.nsin the ,new 
eggs, and there is o.ftena partial fifth generatio.n. In so.me seaso.ns 
'a part o.f this ·fo.urth generatio.n, ,and .usually mo.st o.f the fifth gener
atio.n, are killed within the gipsy-mo.th eggs when severe temperatures 
are first reco.rded. When this o.ccurs many .o.ftheactiveadults ·enter 
hibernatio.n, altho.ugh evidence has 'heen ,obtained that so.meadults 
enter their hibematingquarters ,earlier in the seaso.n. 

This parasite will repro.duce readily, in labo.ratory ,experiments, ,in 
a greater variety o.f lepido.ptero.us eggs than Anastatus. !It has been 
reared in such experiments fro.m nine difIerentspecies, including ,the 
the gipsy mo.th, the bro.wn-tail mo.th, and the satin mo.th, Stilpnotia 
saZicis L. It has alSo. beeno.ccasio.nally reared fro.mcoco.o.ns .0.£ 
Apanteles melanoscelus; but this ho.stdo.es no.tappear·to thea favo.r
able o.ne, and o.ften adults which have matured within ,the Apanteles 
co.co.ons are unable to. ;bo.re their wayo.ut. It is interesting .to. ,no.te 
that when Schedius repro.duces in large eggs, such as ·tho.seo.f 
Hemileuca olit>iae Cill., several parasites will mature within a single 
egg,and in o.ne case 17 Schedius were reco.vered fro.ma single mel
anoscelus co.co.o.n (21). A distinct preference is sho.wn io.rgipsy
mo.th eggs, ando.nly rarely do.es mo.re .thano.ne Schedius mature ill 
o.ne of these eggs. 

Co.nsiderable an."\iety was felt tluring theear1y studies o.f Schedius 
and Anastatus fo.r fear that Schedius wo.uld act ·as a parasite ·o.f 
Anastatus. This amciety was increased when a study o.fgipsy-mo.th 
eggs fro.m Japan revealed that this actually had happened. Fo.r.tu
nately labo.rato.ry experiments indicate it to. bea rare o.ccurrence, 
and no. reco.rds have been o.btained o.fits successful o.ccurrence in ;the 
field. Each year many tho.usands ·o.fgipsy-mo.theggs .are examined 
with abino.culer micro.sco.pe; andaltho.ugh o.ccasio.nally Anastatus 
and Schedius larvae have been fo.und within the same egg, neither 
parasite hilS develo.ped in the cases that have been observed. Inthe 
field these pi!.rasites do. no.t o.ften co.nflict; usually o.ne. o.r.theo.ther 
greatly predo.minates lo.cally, altho.ugh o.ccasionallyco.llectio.ns ·o.f 
gipsy-mo.th egg clusters are o.btained which sho.w abo.ut .equal para
sitism by bo.th species. 

IMPORTATION 

The sto.ry o.f the intro.ductio.n and colo.nization o.f this parasite has 
beento.ld so. o.ften that it will be given o.nly briefly here. Evidence o.f 
the presence o.f an egg parasite was first fo.und in the Japanese eggs in 
1907, but the specimens fo.und were badly damaged and no. living 
parasites were o.btained. In 1908 many egg clusters were received 
fro.m Japan,. but all o.fthe S~hedius that~hel!lckages co.ntained were 
dead exceptlng one male which was obtame ill December. In Jan

1781°-29--3 
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uary, 1909, a living female Schedius was obtained which reproduced 
patlheno~enetically, ,a generation of males resulting. In April, 1909, 
12 Schedius were reared. One of ,the females died early, hut frcmthe 
11 r&naining 100 adul,ts were reared, ,this being the first generation in 
this ,country. Twenty~ne mor.eadults from Japanese eggs were 
added to these, ,and a second generation w,as developed containing 
,643 ,adults. These produced 1,350 Schediusin the ,third generation. 
mthe meantime 1,671 more ,Japanese Schedius were obtained, and 
these were added ,to the s,tockalreadydeveloped. The reproduction 
work was "continued throughout the_year ,and into the winter ,of 191.0. 
From this stock and its progeny all ,of the .colonizationshavebeen 
made. 

CoLONIZA'l;ION 

The first colonies ,of Schedius were ,liberated ,during ,the summer ,of 
1909, stock :being used 'which had ,been developed .asdescribed above., 
together with ,about 1,000 Schedius which had issued IromJapanese 
eggs. Several more colonies ,were libera~during the fall. The 
material in the breeding ,trays was kept developing until early in, 1910, 
when it was .estimated that the trays ,contained '&.r:proximate1;r
1,000,000 Schedius. They were.then placed in :&. coo cellar ,until 
March, when most ,of ,the material was divided into lots containing 
about 10,000 Schedius each ,and distributed over •.the ,eastern part ,of 
theue&.. Colonization has continued each succeeding year,estab
tished stock .being used .tor.ear 'large numbers. Table 4 gives ,the 
total number of Schedius which have been liberated. 

T.-I.BLE 4.-Summary oj,the colonization oj.8chediU8 kuvanae\ 

Number oC Schedius libernted ,in-

Year NewMassachu· Rhode Ne,,,",Hamp Maine Illinoissetts Island Jerseyshire 

111011-•••••__________________._. ,46, 415 ___________________________________________..____________ 
1910____...___• __.._._.____••__1 '889,120 ____...__________________________ • ___________________..____ _ 

1199UI2-_-_~-_-_-_-_=-_._ _ __ _ _ ___ 68, 486 19,807 __________•• __ • __________ ._••___••__ ••____ ••_••-.--_:-_-_-_-_.-=-_:::_-_--.I 93,358 ------------ ------------ ------------ ------------ ------------_ 
1913_._____• _______•______••_.. 382, 645 • __ ••______________________________________ ••___ ._.________ _ 
1914_.___._...._••_._________•• 1,120,536 ru4,725 21,855 __ • __._._, ____ • ____________________
1915 ___________________ ,________ 455,146 182, 308 ___________________________._._________________ _ 
1916_____..._____._____________ 1,417,963 1,161,929 57,200 ____________________________________ 
1917 , _____..__________________ 9,1201,006,279 _________.__ 232, 260 5,000 __ --_______ _ 
1918 ________________ • ______.___ 3,844,500 ,932, 000 ________________________________________________ 

l~:::=:::::::::::=:=::::::::: :::::::::::: __ ::~~:~_ ----«0;000- :::::::::::: :::::::::::: -----270;000
1921.__________________________ 000 ____________ 124,000 ____________ 12,000 ____________~96, 

1922___._._____________________ 200,000 516, 000 ____________ ____________ ____________ 212, 000 

j:l:::::::::::::==:::::::::::: -----92,"000- -----80;000- ~~::l :::::::::::: ::::::::=::: -----j,jii;sso
1925___________________________ 1,121,000 ___________________________________________________________ _ 
1926___________________________ I, 132, 000 ____________ 88, 000 ___________________________________ _ 
1927__________________________ 991,000 _______ .____ .112, 000 ____________________________________ 

TotaL _________________ 12, 419,.2996, 383, 048 1,379,055 232, 260 17,000 628, 550 

'~I. Cew eggs oC Hemlkuca olloiac paraaltw,d by &fIed1a. .inwanJU were sent to Maxwell, N. Mer. 
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TABLE 4.-S.ummary .of the colonization .of SchediU8 .kuvanae---,Continued 

.Number of.8cbediusllberated in-

Year District 
Connect!· Vermont of.Colum.Spalnl Moroooo I Algerla·1 'Total 

cut .bia· 

1909 ______ • _______________ _____________________________.-- ____________________________~ 

48,415 
.88II,UOm~::::::::::::::::::::::: :::::::::: :::::::~:: ::::::::: :::::::::: ::::::::: ::::::::::1912 ____________________________________________________________________________________ _ 68,'
113, 1751913 _______________________________________________________________________________ ._____

1914____________________________________________________________________• ________._••__ .382,M/i 
1915 __________________________________________________________________________________ _ ;.087,1111 
lIlIO ______________________________________________________________________________ _ ,I\37,4M 

'2, 687, 0Il2 
l,252,tIfJII 
4, 778, liOO 

1020 ___________________________________________________________________ .------- __________ 1,540,000 
m~::::::::::::::::::::::::19111._____•_____ •____________________________________________________ ::::::::::: :::::::::: ::::::::: ::::::::~-' ::::::::::___________________ :::::::::_ 

.710,000 
2,2gij, 876~~:::::::::::::::::::::::: 1, =:~ ::::::::: __ ~~~_ :::::::::: ::::::::":1: :::::::::: 1,832,·0001IlZL___________________.--- '8j)j, 000 ______.__.. _ __________ :200,000 ___________________ 

11124.________..____________ 008,000 80,000 __________ 50, 000: .25,000 c________ _ 1, t7ll, 000 
:1925____________________.____ 102, liOO __________ _________ __________ 8, 000 8,·.000 1,:Il5, 550 
11126________________________ ____________ __________ __________ __________ .55,000 40,·000 1, 2311, liOO 
lIlT.___________________________ . ____________________•.-------- U,OOO ___________________ _ 1,315,000 

1,11,,"000 

TotaL___________..__ 4,117;,375 80,000 '2O,000llll5,Ooo '88,000 48,000 :25, .677, 687 

I Numbers of Scbedltis sent to Spain, Morocco, and AlprIa_IIIItImated. 
J A few eggs of HemUeuca olWiae jlIIlUitl&ed :bYBcllalfu hM_,wenlaent:~ Maxwell, N. Mex. 

It will :be noted that several la.rgecolonies .of Schedius have .been 
liberated outside of :theares infested :by the gipsy .moth.Laboratory 
experiments .showed .that .Schedius would repro.Iucein.co~ementon 
the eggs .of .80 varietY-of hosts, and ree.dily ·on ,the ,eggs ·of the white
marked tussock .moth, Hemer.ocamJ!!lliucoBtigma,:S• .and .A.The 
Schedius which were ·sent .to Wa.shington, D .• C., .and ;toDlinois 
were liberated in :tussock-moth infestations. A few were ,sent to 
Maxwell, N. Mex.,after it was found that this parasite wC)uld repr(),. 
duce in theeggs_.of l!em~ .oliuiae .CkU. 'SeY:eralshi}?ments ha.ye 
been made to Madrid, Spa.m; Ra;bat, Morocco jand AlgIers Algena., 
where .attempts .are !being made !by the.Gov:ermnententomoiogists ,to 
establish' this species in gipsy-moth infestations. . 

Schediusare ,colonized in the lall,in .contrast .to Anastatus, which 
are colonized in the spring. The Schedius .arebred .at the lsboratory 
and the adults liberated, while Anastatus .are ,.colonized :as mature 
18.p"ae within the gipsy-moth eggs. . 

Approximately4iOOO ;Schedlus .areliberated inea.ch .colony. 'The 
colonies are placed about 2 miles apart, in woodland, :along ,ea.chrosd 
where there is sufficient gipsy.,moth infestation. The locations of ,the 
colonies are .marked ,on .sblue-print map of ,the town, .and in the ·field 
with white painton .a rosdside tree. • 

http:theeggs_.of
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FIG. 14.-AJlparatwl used ill ,rearI,irIDg ,&h.diua ,kuvana.. A, Stack ,ot Scbedlus rearing trays; B, 
lIlD&Ie rlllllin& tray. ,(Crossman) 
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REPRODUCTION WORK TO OBTAIN .SCHEDIUS ],'OR COLONIZATION 

The trays (fig. 14, B) used for rearing Schediusat the laboratory 
are 5 feet 10ng,2 feet wide, and 5 inches deep. They are made of 
half-inch matched .cypress, dovetailed at the corners and painted on 
the inside :\Nith.a flat black paint. Two openings, 12 inchessquare,.are 
left in the top; these .are placed equally .distant from the center and 
from the .ends of the tray. In .the front side .of .each tray.areseveral 
holes linch in diameter. These are kept closed with cork stoppers 
until ready to be used. Over the bottom ofthe trays are spread evenly 
a quantity of gipsy-moth eggs mixed with :0. few parasitized gipsy
moth eggs and adult Schedius which have been.collected from the field. 
A mixture of 40 per .cent of honey and .60 percent .of water, for food 
for .the parasites, is sprinkled on several pieces of white blotting paper 
and placed in .the trays. Glass plates are placed over the .two .openir),gs 
.in the .top. As ,the trays .arestocked the;vare placed .on ar.ack (fig~ 
14, A) and kept at a .temperature of from' 75° to 80° F. During the 
cool evenings of the early fall this is maintained by meansoi .electric 
lights. A few thousand adult Schedius are placed in .each tray to 
supplement those .already there .and those which develop from the 
parasitized eggs which were put in the trays. The adults .oviposit 
:readily in the gipsy-moth eggs in the trays. .As soon .asa new genera
tlon of Schediu8 develops, which is in about three weeks, the light is 
excluded from the .trays by placing black paper over the glass covers 
in the tops. The cork stoppers in the front side .of the trays are re
moved and paper conee are inserted in which closed gl~.9stubes 1 
inch by 4 inches are place!L The Schedius in thetr.ays are .attracted 
by the light into the glass tubes, from which they are removed .and 
placed in mailing tubes for colonization. Ab.out 4,OOO~hedius .are 
placed in each tube with a piece .of paper on which is lWieared .0. mix
tureof honey and water for their food. The tube is then covered 
with a piece of .cotton cloth held in ~{}lace by a rubber band. Each 
day the tubes .containing the .day's output are sent to the field for 
colonization. 

COLLECTIONS OF GIPsy-MOTH EGGS TO DETERMINE THE PARASITISM BY 
. SCHEDIUS 

The collections of gipsy-moth eggs which have been made .each year 
since 1912, at or near the observ.ation points, .are tabulated in Table' 
3, under .thediscussion of the parasitism caused by Anastatus.The 
apparentlyslow increase and low rate.of parasitism credited to Schediua 
jn .these collections may be explained to some extent by the fact that 
many .of the .points where these :collections were made are in towns 
where this parasite has never been .abundant. Schedius does not ap,
pear to be well adapted too. .considerable part of the :area that is in
fested by the gipsy moth. There are, however,certain sections, .espec
ially in southeastern Massachusetts and on Cape Cod, where climatic 
conditions are favorable, and this parasite has increat;edand.attacked 
a very appreciable percentage of the gipsy-moth eggs. . 

The mortality caused by this parasite has varied considerably over 
a period of years .owing .to a number of controlling factors. 

Studies which were made to determine the degree of parasitism .of 
gipsy-moth eggs in various parts of the trees showed, as do similar 
data in .connection with Anastatus, that the location of the egg clus
ters on the trees has little or no effect upon the percentage .of para
sitism caused by Schedius . 

• 




38 TECIJNlCAL BUI.LETIN SQ, U •. S.DEPl'.OF AGlUCULTtmE 

RECOVERY AND .DISPERSION 

Schedius was recovered in 1909,. soon ·after it had been liberated. 
It increased rapidly and was soon found in .abundance.on the egg 
clusters in the immediate sites .of the liberations. It was recoyered 
until cold weather in December, after which no more could be found 
or reared from the gipsy-moth .eggs. All trace .of it was lost and it 
was feared that the species could not survive the New England win
ters. During the spring and summer of 1910 occasional Schedius 
were recovered, but in. v.ery limited Ilum:bers) and under conditions 
which indicated that they might have .been individuals which had 
dispersed from .someof the spring .colonizations. It was not until 
the summer and faIl·of '1911 .that Schedius was recovered under con... 
.ditions which left no doubt that it had sumved the winter. 

Although .schedius isa slow-dispersing parasite it spreads more 
rapidly than Anastatus. T,hedata which have been gathered ·show .s 
spread of about 400 yards for.a single generation and.a little .over 
h&1f a mile for the first year~ Records .obtain~d in .colonies the second 
year after liberation have .shown .aspread .of nearly 2 miles at the end 
of the second se.ason.The .dispersion .of this parasite has been accel':' 
erated by the large amount of colonization which has been done. The 
present known dispersion is shown .on the map {fig. 3). It has been 
colonized considerably nor.th·.ofthis line in New Hampshire and south
western Maine, anhd .ofcchasi0lin~aH.Ybhas beeln recovered in parts of New 
Hampshire, nort .0 .t e e, uton y sparingly; and continued 
observations indicate that it will not increase satisfactorily much 
north of the .dispersion line shown.on the map. 

VALUE .OF SCHEDIUS AS. AN ENEMY .OF THE .GIPSY MOTH 

Schedius is an important/ilgg p{U'asite .of the gipsymoj;hm.the 
milder par.ts of .southern New England. In, M.Rssachusetts it has. been 
found abundant in many sections within 50 .miles .of theseaooa.st 
.and especially in towns along the south ooast· and on Cape Cod. 
There is often a large winter mortality which mayaCCOl.IDt for its 
uneven distribution and periods .of scarcity, but as it has several 
generations .each year it incr.eases rapidly under favora.bleconditions. 

LAKV AL PAllA-SITES 

AP~TELES MELANOSCELUS Babeb.... 

Apanteles mela1Wscel'US Ratzeburg,a braconid parasite .(fig. 15) 
of the gipsy-moth larvae, has .two generations .eachseason, the firs~ 
generation .developing in first and second instar caterpillarsand.the' 
second generation in .third and fourth instarcaterpillars. Ingeneral 
the two generations are .confined to the stages as mentionedsbov:e, 
although many third instar gipsy-moth caterpillars are .destroyed by 
the first generatjon, .and large numhers of fifth-instar .caterpillars and 
a. few sixth-ins.tarcaterpillarsare .killed hy the second generation of 
this parasite. The parasite passes the winter as.a full-:grown larva 
within a very tough, strongly woven, yellowish.cocoon. The.co.coons. 
are attached to tree trunks, particularly .on the underside of the 
hranches,as w.ell as on the underside of fence ra.ils, and .on .B.lr.ticles 
(pI. 4) on the ground to which the parasitized caterpillars have crawled. 
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, . . ..' .' ;tQlUlIGN?DI8~U!rioN':AND!ABmmAN~ . ...•. . . . ". 
··',:This;pa.raSite'is tfo.Wla:oiel" ;mostofE~ffe',,..espeCianyIp.,the;sQuth~ . 
§~~a. In xecentobflerva£;ions ;it,ha~lbee~,U:~JCaealb'P~~~uthQtn 
li'"r.lmce,'·;Spajp., .iPQrtqgal,northern,·Afri(}a; iltsty; ;(hem.lf~esPeC~auy 

. . ~ab:imaant';~ .~.sioily),. "Germ8ilY, .Follm<l,'(;lz~c1ioSloy;alQa7 .l1:lWlg.aij; .' 
.;~tigosl~:ri~;andBillgari!1. ;[ll;adwtiQll~t(htb:~:lo,Qa£iQnaisJ!,~im.ens 

'. J1ia:V:e~n"Xeceiy.ed~t the 'gipsy-~moth~laboratory ,UomWi~a"Au~ , 
.taja;~andJlendery, ;RusSia. ,_~ .' ..';','. . 
'.' Although ·this ~pa::raaitehas'a'V:ide.$uropean.djstiib~.tiQn :it:h.as(peen . 
'ioWldab:und~t:in;o~y.a few location!?" .,Ullder ;the.,cQllwtions.:which· 
.have prevailed:durlng ,the, ',recent 'ElU'opesn 'work ;ottpeJ3,ureau ,df 
JUntomology, . this:pa.rasite .has llot bt'len.obt8iri.,~d iinflullicient;num.ber:s 
;to indicatethatit is ,·aparasi~.of,prima.ry ·:im.por,tanC,lihBs·,fm(~nemy 
(of 'the ;mp~y ·moth.Exceptions 'to 'this ,con,dition 'were J():und'm. 
~SicilYl?y 'the juIiior.author., ,and:m. :Spain ;~t .Alcala :ih:theprorince.of 

.FIG. 15.-.Apante/u melano8ulu.s,adult. female, XU. (C~ossman) 

Cadiz, where Mr~Dohanian, 'in 1924, located .0. .mediumgipsy":moth 
infestation. Hete'several trees had over 1;000 par!18ite cocoons eacb" 
a.nd a largenum:berof trees hadseveraLhunfuedcocoons ,each. 

In 1911 and 1912,W..F.Fiske, formerly of the "BUreau.of Ento
molo.EY, .reported agl'eat abundance "of 'this ;paraSite at 'Caltagirone
and Barcellon~, Sicily. He estimatedthat;an ,avetage of75,;per cent, 
and'in some places more, .of;thecateIJiillOJ'S"Were ,parasitized by:tbis 
~pecies. mQneplace heestima:te.daa ,~gh .as 10;OOOc.ocoonson '0. 
single large 'tree. The junior author visited this area in .1922, .at 
which time the gipsy""mo,th infestation was~muchlighter tt.an during 
1911 ,.and 1912, but co.coons of ..A..melanosc.el'U8 were very~,QbUndant. 
Judging by the number of 'the 'previousyear'sgipsy~moth egg\,plusters 
present and the a:bundance of .the cocoons of this parasite, there 
must have been in. this forest aJI1edium gipsy-mothjrifestationduring 
:the preceding year. The new giysy-'moth ,egg clusters were scarce, 
and the evidenceohtained strongly indicated,that this paraaitewas 
the':primary cause 10rthedecreaSe of the moth. 

http:BUreau.of
http:ih:theprorince.of
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LIFE .HISl'()RY.,AND HABITS 

The 'adults.lssue from tlteir'cocoons about the time ·that the·gipsy~ 
mdtheggs 'are . hatching. . The Erst .are :mostlymales, 'the£em81es 
'appearing a few days later. A. few hours ·¢ter 'the. 'females have 
issued from their cocoons they are ready to begin ovipositing..If 
'they have not been ':fertilized they reproduce :parthenogenetically, 
,the resulting progeny being males.' The females .work rapidly in the 
bright sunlight, flying from one. caterpillar to another. There.is ;no 
apparent examination of the 'prospective host, merely a ,quick inser
tion of the ovipositor and the deposition of a single egg. ·Occasionally 
~iema.le lays more than one egg in .thesame host, which is a waste of 
eggs, ,for :very rarely does more 'than one parasite larva issue ::from 
the srune host. The ifemales which have issued from the 'hihernating 
'cocoons prefer ·:first and. second' instar gipsy-moth caterpillars for 
oviposition.Tlie egg may be inserted in any part of the body of the 
caterpillar, but more often it is inserted in the .posterior hall'. The 
number of eggs deposited by an individual varies, but .records at ·the 
gipsy-moth laboratory indicate that eMh.female is capable of laying 
approximately 1,000 eggs (8). 

The egg stago lasts from four to s~ days, depending upon the 
temperature. There are three larvalinstars, the :first one lasting from 
two to three days in the sprlp.g generation and ::from six to eight 
days .in the summer generation. The second larval in.star of the 
spriIlg generation occupies from :two to three days, and of the summer 
generation from :five to seven days. The time spent in the host by 
the third-instar lru'Vae of the spring generation is from a few hours 
to two days, and as long as three days by the summer generation. 
The third-instar larva, whell ready to issue, bores its way through 
the body wall of the caterpillar. 

The construction of the cocoon is started before the larva is entirely 
out of its host. The spring-generation larva requires about two 
hours to make its cocoon, while nearly Jour 'hours are cOllsumed by 
the sunmler-generation larva. The cocoons of the:first generation 
are light and delicate, constructed of a yellowish white silk, but those 
of the second generation are strong and densely woven,and are of 
a light sulphur yellow. Within the cocoon the larva transforms to the 
mature insect. The adults of the spring generation issu.e in from 
five to nine days ; the SUIDIl!2r-generation larvae contract somewhat 
a.Ild become quiescent, and in this condition they remain until the 
following spring, when they pupate, the adult issuing .at about the 
time when the gipsy-moth eggs begin to hatch. 

IMPORTATION OF THE PARASITE 

The original colonization stock of this species was obtained in 
1911 by W. F. Fiske, in Sicily. Arxangements were made a.t Portici, 
Italy, for the use of a room where the material could be handled 
during the summer. Large collections of gipsy-moth caterpillars 
were Jl1adein Sicily and transported to the Portici laboratory, where 
they were placed in trays, fed, and cared for. As the first-generation 
parasites issued from the caterpillars and spun .their cocoons in the 
trays, the cocoons were removed and placed in .a refrigerator to 
retard their development. In addition to the material obtained in 
this manner, large numbers of cocoons of this parasite were collected 
in the forests of Sicily. These were placed in specially cQnstructed 
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·contamers.in a comparlment which -:was surrounded by snow 'or ice. 
They were then taken ·orsent to Portici :forrepacking; and, together 
;with the cocoons obtained from the rearing 'trays at iPortici, were 
shipped to the laboratory.at Melrose Highlands. The shipments 
;weremade as often .as possible, to avoid :retarding the development 
·ofthepara.sites any longertha.n necessary. Some of these packages 
'were arranged so that the 'cocoons wereincompa.rtmentswhich 
were surrounded. by an iced chamber, and upon :arrival in New¥ork 
'City the packages were reiced and sent to Melrose Highlands. Other 
packages were sent without ice, the development of the parasite 
being retarded by keeping the packages mtha steamer's cold-storage 
room. 

As aresulf; of this work about 125,000 first-generation cocoons 
were received at Melrose Highlands 'duiing ~une, 1911. Later in 
the season 17,000 cocoons of :the second generation were received. 
During the summer of 1912 the work in .sicily :resulted in ,the Ship
ment of 22,000 cocoons of the second generation. 

COLONIZATION 

In this countrythefirst-:gefteration cocoons introduced in 1911 
were placed in darkened containel'S, into which glass tubes were 
inserted to draw out the .adultparasites 'and any secondary insects 
which they might contain.. By this method the injurious insects 
were separated and destroyed, and the beneficial ones liberated. 
'The 17,000 second-generation cocoons receiveddurlng 1911 wer.e 
placed in gelatine capsules and kept in an outdoor insectary at the 
Melrose Highlands laboratory. The 22;000 second-:generation 
cocoons of 1912 were cared for in a similar manner. 'The adult 
Apanteles which issued during the succeedin~springs were liberated. 

The total liberations of this parasite which 'have been .madein 
this country are shown,in Table 5. 
TABLE 5.-Number of ApanteZes meZanOSCel1l,S liberated in the United States, 

1911-191:7 

Number or in· 
divlduals Number of cOlonies.llbcrated in
liberated 

r---'-O-o-I~--I~--'----'----'-------.-'----'----'----I~~ 
. ed ber of 

S~~. '*~w Mns- No,," . Oon- Rhode Ver- New New col~ 
stock I fn~'fi ~:~- I;~~ Mame ~~t lslllIlcl mont Jer.!WlY York nies 

stock 

·1911. _______ ::==---I== ::==,-------.1::====1::==::==---1\.23, 000 
1912_______ , 203 1-------- 1 -------r------I--------;.------- ______________________,_ 1 

ji~!I~:~~11 1j~~~I~~~0~~~~~~ ~ 

192:L_______ ________ 32, 558 13 16 21 12 2 2 1 _______ 67
1924_____________._ 12, 000 11 _______ 2 6 ________ 4 _______ ________ 23 
,1925________________ 14,600 4 ________,________ 4 ________ 1 _______ ________ 9 
1926____ ____ ________ 17,400 12 3 3 2 3 4 _______ 2 29 
1927________ ________ 7,105 7 3 _________,-_-_-__________.______ _______ _______ 10' 

- ------------1-----------1-----1----
Total. 23,476 132,177 113 ! 60 31 28 11 11 1 2 257 

I Adults. 
• Probably a part oC these should be credited to ,t. porthttr;Ilt Mnes. 
• During 1925,l926,llIId 1927 adult Apanteles wero calonlzod. Previous to 1925 the cocoons were colonized. 
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It will be noted that only 23,000 adultswe:te liberated .from th~ 
125.,000 first-generation cocoons which were introduced, and that'only 
a small percentage of Apanteles i!;lSuedfrom the second-generation 
cocoons received during 1911 and 1912. The mortality in all three 
·cases was very high. In the first case it was probably due largelr 
to the long exposure to cold...storage conditions. Subsequent expen
ments have shown that such unnatural conditions are often harmful 
to insects, especially to the braconidsduring the period when nor
mally they would transform in a few days .from larvae to adults. 
In the case o.fthe second and third shipments, which were second
generation cocoons, a very high percentage of the Apanteles were 
killed by hyperparasites. In addition to this the cocoons were 
kept in sealed gelatin capsules without any ventilation ·beforethe 
parasites emerged and were liberated, a condition which in later 
work has been avoided by pricking each . capsule with a needle. 

FIG. 16.-Apparntus used, for rearing and colonizing parasites and beetles. cA, Colonization cans; 
D, glllSS viuls 1 b~' 4 inches; C, glass vials 2 by 8 inches; D, pasteboard bo~es 4 by 5 by i3-2 Inches; 
E, rearing cans; F collecting box; G, gloss rearing jars; H, small rearing can with glass cover; I, 
galvanized-Iron ilyhnders used Jor carrying insects through the winter; J, cylindrical cages (or carr;y.
ing Calosoma beetles through the winter; K, wooden box with sliding glass ttlP. 

All of the parasites liberated after 1913 were obtained from stock 
established in New England. Groups of towns for colonization 
sites were chosen each year, just outside of the known dispersion 
of the parasite, and in each of these towns were placed approximately 
500 fLrst-generation cocoons. The liberations were made by placing 
the cocoons in small cylindrical tin can~ (iig. 16, A) 23--2 inches high 
and 2 .inches in diameter. These cans have holes in the side .near 
the top through which the adults can escape. The cans were nailed 
to trees in the woodlands where there were gipsy-moth infestations 
of medium intensity. .After placins- the cocoons in the can, the 
cover was put on to keep out the ram and protect them from birds 
and other enemies. A band of sticky material was then placed 
around the can to prevent ants from getting to the cocoons, for they 
would very quickly destroy a colony. . 
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In 19~5, 19~G] and 19~7 the Apanteles cocoons were held at 
the laborlltory until the adult ptU"asites issuecl. These were 
thE'n placed in containE'l's to ensure the fertilization of the 
females before thE'Y WE're liberatE'd. Although the liberadon of 
fE'l'tilized females requires more attention than the eoloniz!ltion of 
the pilrllsite in the coroon stage] there is less dilllger of femtlles 
clispl'rsing before fertilization ttlkes p~acc: This method is con
siderC'd much bC'tter than the colomzatLOn of cocoons] as the 
colony hilS a better chance of bccomin(r established. 

Cp' to IUld induding 1937, 257 colon~es, uSU!Llly of about 500 
C'llch and totalling 155,G53, had been liuemted as follows: 113 
itl ~Inssaehusetts, GO in New Hmnpshin' , 31 in ~[aine] ~S 
in Connectitut, 11 in Rhode Island, 11 in Yennont, 1 in Kew 
,J C' rsey, Hnd 2 at 
Brookkn]K.Y. ThE' 
('010ulC':-; plne-ed !1 t 
Brookh-llw('r(' libC'r
it t('d in'an ar('H. wh('["(' 
tIl(' w hi tC'-lll IlrkC'd 
tussoek moth IS 

abu nd all t. 

AI'PAIU'rn; rilED r~ 

LII'c;-HIt<TOIl¥ ~'lTD

u;~ A\;() L.\llca:1l H.E

PIlODL"CTlO:-i WORK 


Till' !dnss-ro\'C'l'(,cl 

tnty sl1()\\"n in Figure 

L7, !lutl d eRcribed 

lUlllt'r til(' titll' ., ..:\..p

pltratus used in 


Flh. l'.-HeproduclIOll tray used in life-history experiments with('olllpsilllrll lif('-hi;; sC"erul of the parasites. (Culver)
tory studi('s," whieh 
was de,-eioped and uSNI in the Compsilura life-history work, is vC'ry 
ust'flll in COtu1(,(,tiou with the Apnntcles breeding work and has been 
used to n. cousidemble extent in similar 'work with scnrnl parllsites. 
(; be; yinls 1 by 4 iuchC's (fig. In] B) iUlel larger OIlE'S 2 by S inches (fig. 
IG, C) arC' ItlSO useful in smllll breeding experiucnts. The smaller 
Olll'S Ilre oft('u used while exposing indiyi(lua.l caterpillnrs to Apanteles, 
nud the lILt'ger ones are Yery satisfactory for keeping the Apantcles 
('onful('d Md fed. ,YllCll they are not being used the pn,rIlsites sholt.1d 
be kept in tL dtuk] cool pluce where they \\-ill remain quiet.

In ordN to rear llu'ge numbers of this species a WOOdC'll breeding 
chumber (Gg. 18) hus b('('n constructed. It is 5 fC'('t long, 3H feet 
wilk, Itnd 10 incil('s deep, \\-itb glass top and bottom. Trnys] the 
pro[)('r size to be insC'l"ted eusily in this chamber] are used. After the 
trnys haw bC'en stocked with approximately 10,000 first-instal" gipsy
I,l1oth eaterpillllr.s tlll'Y nre placed on 1"11C1\:S where the cllterpillars llre 
It'd Ilnd allowed to d('nlop a few days bdore being exposed to the 
plLntsites. Aft('r It supply of adult Apuntrles htls \)et'n placed in the 
chlllnb(,l" It tm)' of gipsy-moth ('utC'rpillars is inserted. 

It is im portant to control the Jigb t entering the cillUn ber, so th/1t in 
mauipulating the tnt)'s the parasites will not be injUl"ed or lost. By 

http:sholt.1d


:J 

·44 TECHNICAL :,B:u:LLETIN 86,U. B. iDEPT. !OFA(}RICULTURE 

]i'1G. l8.-Breeding chamber (or .4panteie& 1nelano&Cell~'. A. Chamber rastlDg on its 'side. 
showing X. a board to close open end; D. chamber reedy to stock with Apantelas and gipsy. 
moth larvae; tray containing .gipsy-moth larvae shown partly inserted at t. light being ad
.lII!ttedat I; C, ohamber resting on horses with light. entering from bottom only. (Crossman) 



FIG. 19.-8ome apparatus used in resringparaaites of the gipsy ;mothnndbrown-tnil
moth. A, Large wooden cage 30 by 2~ by 24 Inches, called tube cage, used for rearing
pSl'!ISltes from imported brown-tall moth webs (Howsl'd nnd Flskeh B, large rearing 
troy ~ inches wide,5O inches long,S inches deep, with clotbbottom d~ed by Fiske 
In which brown-taIl·moth nnd gipsy-moth caterpillars .are Jed until parasites issue,
webs being shown on bottom of ,tray; C, ,smallre811ng tray.made of ,heavy lParaftined 
,~~rpressed so as to fit a U-inch squarew~ frame, containing brown-tall moth 
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allowing the light ,to ,enter the ·chwn:ber from ~the ~top, .neartheend 
f~estfrom ithe ,ope~ ,through which the .trayis inSerted, ,th~J>ara.- -:If 
Sltesare.dra.wn,to ,the light ;area ,at ,the top .of lthechamber while ,the 
'~jl.~s inserted or ·removed. While the ,tray .containingthe ·ca.ter
p' is in the chamber, .allllghtisexcluded... ,excepting that which 
e!ltersthrough ,the cloth :bottom ,of (th~itray,·which '?rawsthepara
Sltesto the 'bottom where::thecaterpillarsa.re feedmg. When ,the 
caterpillars have ·been ,exposed for:a .sufficient :time ~thetray is with
drawn and another one :put.in itsplaoo.This .process iscon.tinued ,as 
Jong .as ·the .supply .of Aplmteles is ;available. Theparasitizsd cater
pillars in .thetrays .are fed ;and ..caredi'oruntil the parasite; ~~ae 

issue. The Apah~~-::; 
·COCO.ODS ,are then re
moved .and colonized 
,0r:he1.dto rear ,the 
:ad.ults for liberation. 

The following 
method of rearing 
Apanteles in large 
numbers forcoloni
zation has also ;been 
satisfactory, although 
it 'has not replaced 
the .chambermethod, 
for it is not quite so 
.dependable, and;there 
is more or less Joss of 
the .parasites. An 
.ordinary rearing tray 
with aclothbo.ttom 
is used, well stocked 
with smaUgipsy-moth 
caterpillars. Bycov
ering the top "ith 

FIG. 2O.-Smoll Fiske ,tray.for feedintr .gipsy.moth caterpillars. Sec- .~lack j>a.per .alllight

tion at the top has been sawed oot auooont back .to show tbe sticky lsexcludedfrom the 

baud which prevents the caterpillars from escapiDg. (Burgess) tr t th t
: ay excep . a 


which enters through .the cloth bottom. The parasites .are inserted 

through a small opening and ,allowed ,to remain in ,the trays for 

sevel:iil days, after which the paper ,tops ,are tom ,off, .and .the.adult 

ApanWles allowed ,to escape. The trays 'are then .cared for ill the 

usual manner. 


The breeding work to obtain Apantelesfor colonization is supple

mented by collections of .gipsy-moth ,caterpillars from areas in New 

England where this parasite is plentiful. Such collections are placed 

in wooden trays (fig. 19, B), with cloth ibottoms, where they ,are cared 

for until .the parasites issue. 'To .prevent the escape of the caterpillars 

a band of sticky material is ,plaoodon;the underside of the hOlilzontal 

.edges which project .around thetopof.the tray. (Fig. 20.) 


,COLLECTIONS OF HOST CATERPILLARS TO DETERIIIINE THE PERCENTAGE ·op 

PARASITISM 


In .an endeavor to .ascertainthe percentage of gipsy-moth cater

pillars killed by Apantele8 .melano8cel'U8each year, collections of the 

host .have been ,made several times a week for a number of years. 


http:where::thecaterpillarsa.re
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B~&use 'ofthe:tDne .involvedsuch ,oollections must. ,oinecessity ;be 
.maderelatively :near the laborarory.Thesecollections have:been 
made :at Melrose ~d SronehaIIl w:~en possible. Collection ,of ;the 
caterpillars is begun .soon :after .the fust-inst.argip~y-mo,~h ,ca~illars 
are present in the field. One hundred ,of :these caterpillars .&recol
lected ,o.n.each ,collecting ,day .as long ,as ,that number of fuJst-instar 
caterpillars can ,be .obtained. As .soonas ,enough second,..instar ,cater
pillars are in .the field to makea.collec.tiono,f 100 possible ,the .001100
·tions ,of this instarare started.T,his system·ofcollecting is ,continued 
through the caterpillar season; ,consequently two ,or more ,oollections 
are ·often made on :thesame day at :the same ,point. 

A much abridged .tableshowing,the ,data ,obtvined from ,these ,001-
Jections ,is Ta:ble 6. The ,dates indicate ,when ,the first and last .cater
pillar collections were -made from which Apanteles ,werereeovered. 
In the columns '''First :generation" :and"Secondgeneration.J' :are 
given, for ,each season,the lowest :andhighest percentage,of parasitism. 
obtained in the series of collections. ball ;cases, ,there were many 
collections showing.a ,percentage of,parasitism'between these extremes. 

TABLE6.~Per cent of gipsy-moth caterpillars killed by. .Apantele8.~~~,
1915-1927 

.I'er.centage of'parasitlsm.ol giplJ'
moth larvae caused by- ' 

Year Collected in town of- Dates of collections \ .First generation Second,generatlon 

From- :ro- :From- To
--------�~-----------I------------~-----I---------------
1915___________ Stonebam____________ MaY.28 to July 9_____ _ o '8 :4

Melrose_____________May.28 to July 19_____ o ,6 18 
:1916~__________ Stonebam_____________ ,May 211 to July 10____ _ o 10 ·10

Melrose_______________ May2\! to July 23_____ ,1171 :201917___________ Stonebam____________ June 6 to July ZI _____ _ 0' 8 .211
Melrose_______________ June'9 to July.Zl______ o 11 36 

1918___________ Stoneluun.____________ May 23 to June 19____ 1 113 .4
Melrose_________.----- May 17,to June.2O___ 3 .s 24 161919___________! StoneblUtl____________ :MaY.28 to July 1L____ 2,0 .21,Melrose_______________ May.23 to July.10_____ 6 16 191120___________Melrose ' ____________ June 3 to July 6_______ ·0 1 .2
Melrose______________ May Zl to July .13 _____ 4o 41921.__________ . StonehlUtl_____________ . May17 to June '0____ o :3 '2I

; Saugus ,_______________! May 20 to June ZI___ '0 14 4 
"1·1922__________ Saugus 5---------------, May 13 to July 3_____ _ o 7 183192:1.._________ Saugus________________ May Ii to July 17_____ 

'0 .25 '221924___________ Saugu5 _______________ May 22 to July 8______ o 24 38111".5. __________ Melrose_______________ May..l4 to July 1 _____ _ o .1 36 
1926___________ Sougus________________ May 25 to July 21'--___ o 1 81927___________ 11Saugus________________ May.16 to July 28_____ o :4 'tr1 

1 There were three collcctions in. whlcb.\7 per.cent of tbe Jar:<'oo were ,parasitized, lind one collectlonJn 
wblcb lei per cent were parasitized_ Tbe otlier collections sbowed a lower percentage ;parasitlzed_ 

, Tbere were three collections In wbleb 24 .per cent of tbe larvae were p&rIISltlzed, and onceollectlon in 
wblch 22 per cent were paras'itlzed. :roo otber collections sbowed a lower ,percentage parasltlzed_ 

'In 1920 gil>!'y-motb larvae were SO!re81'OO in Stoneham that collectlons,in Melrose were.sub5tituted. 
'In 1921, because ilf tbe scarcity of tbe gipsy lJIIlth In MelrOSP., Saugus wassubstltu&ed_ 
•.Durlng the years from '1922 to 1927, InclUSive. onlY one set of colleCtions wo.s;made• 
• Tbere were three collections in wbich over 30 per cent of the larvae 'wereparasitlzed_ Too otber col

.lectlons were lower. 
; ~'bere were four collections in wbleb over 40 per cent oltOO :larvae were ,l18rasltlzed. The otber ·col

lections were lower_ 

Practically .all collections contained 100gipsy~mo.th ,caterpillars, 
excepting in the last four years, when .thesize ·of .each ccillec.tion 
wns decreased to 50 each. Althou~h these ,collections ,were made o:v:er 
a Jimitedareathey .are !I'epresentatlve of ,oonditionsin many ,towns in 
the older infested territory. In addition iro the serial ,collections ,of 

http:100gipsy~mo.th
http:Melrose_____________May.28
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~psy-mothcaterpillars .r~corded in T.able ,?,.smail collectiQns ofcater
pillars have been made ill scattered IQcalities du:oughoutthe mo,th
infested area. Thedata.ohtained frQm such collectiQns,togetherwith 
field Qbservations., have shown that this parasite is .often \V:erya:bun
dant in limited areas, andcollec,tions. ,of gipsy-moth .caterpillarsare 
,often obtained which·show :from .20 to 30 per cent·of parasitism caused 
hythis species. 

R;ECOVERY .:AND DISPERSION 

Apanteles melanoscelus was recovered the first ,:year :fQllowing its ~ 
liberatiQn in this country; sparingly at ,first, hut in greater numbers 
each successive year. ThedispersiQn .ofthis parasite has been a~g
mented ,each Year ;by liberating new .colQniesQutside ,the .areainwhich 
.the species was knQwn .to :be present. The natural spread has ,been .' 
in ,a 'northeasterly .directiO'n, and this fact has influenced the lO'cations 
~n which ,the new colonies na'!:.e ;beenliberated. The dispersion of the 
parasite in New England .as.determined .by the labQratO'ry ,records is 
'shQwn in Figure ,3. Further ,colonizatiO'n ,Qf ,this parasitelS .necessary 
in order that it may mQre quickly become established O'ver ~.he entire 
territory .that is infested by the gipsy mQ.th. 

VALUE OF APANTELES lIIELANOSCELUS 

As indicated in Table 6, this parasite is ·ofcO'nsiderable value as .8 
parasiteQf the gipsy-moth caterpillars. It has twO' generations ,annu
ally .eitherone Qr both .of which may make .appreciable inrO'ads Qna 
gipsy-mO'th infestatiO'n. Although A. melanoscel'U8 was:first liberated 
in 1911 it .did nO't 'becQmenO'ticeablyabundant until 1916,and then 
Qnly in ,a few lQcations. N early every year sipce then it has been 
observed jn~arge numbers (pI. 4, A, B, .C, and D), in manysmaJl, 
widely separated ..areas. The benefit ,derived from the .establishment 
of this ,parasite in .the United Sta'tegis :not confined to the control 
of the gipsy moth alone, for field records have ;beenO'btained ,O'f its 
attacking the satin mO'th, Stilpnotia salicis L.,a foreign insect which 
has recently beeomeestablished mthe United States and Canada, 
as well .as the white-marked tussock moth, Hemerocampa .leucostigrna 
S . .& A. In additio.n it has been reared in labo.ratO'ryexperiments 
frO'm Malaco8oma americana Fab., M.dis8tr:ia Hubn.,Olene basiflava 
Pack., and fro.m the brown-tail moth, Nygmia phaeorrhoea Do.novan. 

Like many O'f ,the introduced parasites .and like ,the hO'sts them
selves, it has itsperiodsO'f abundance and scarcity. There.are variO'us 
reasO'ns for this periodicity.. In the first place the host m.ust be present
in suitable numbers to allQW fQrits rapid increase. SecQndly, climatic 
conditions are of very great impQItance,especiallyduringtheperiod 
when the parasites areovipositing, for at ,this time during . warm 
bright days the females .are very active, but they do. not oviposit 
readily when the weatherisQOldO'r rainy. Thethlrd andmO'st serious 
:handicapto A. melanoscel'U8 is the enO'rmO'us mO'rtality caused !by 
hyperparasites. 

The hyperparasitism ·O'f this insect by species Qccurring in this 
country is much higher than 'that of ,the other parasites which have 
been introduced as enemies of the gipsy moth and ,the brown-tail 
moth. RecO'rdsobtained ,at the %boratory shO'W that o.ver 95 ;per 
cent of the overwintering ,brood O'f A . .melanoscelus are frequently 
,destro.yed by hyperparasites. Muesebeck ,and DO'haman (21) hav.e 



",ar~:so~E) 35, ;spE)ciE)~ 'whichatt~k tlI.is3>~asi~a.I!<l.hl!'vE) ,ci~ ·14 
SPE)CIE)S which ·ar~pa.dicularlyha.rn;dW. Th.ey J,ist ,th~e :~ ;theord~ 
.of ,thE)ir importan~E).8S :follo~s: . 
EUTytoma .ap~igaster(Swed.)HYpo.pteTomal'UII ,tabacumFitch 
Dibrachy8 bO.ueheanus (Ratz.) Habrocylus .duz Oirault 
Hemitele8 teneUus (Say) HemikleB JulvipesGray. 
Dimmockia ,incongr,uUB (Ashm.) E'Upelminus8az~. (Lindm.) 
.GeZis ,bucculatrici8 (AsluD..) Dimmockia paUipes Mues. 
,Gaia apantelia (Cushm.) PleurotTojJis .tar8alia(Ashm.)} Principally 
EupelmU8 spo11¢partus (Foerst:) PleurotropiB .nawaii .(Ashm.r .' ,tertiaryi 

This heavyhyperparasitism~ how.ey,er, is not likely to be fatal.! 
forcomparabl.econai.tions .m:ist in Sicily where ..thisApantelE)S was 
obtained. 'ThE) junior :author visited ;this :areadur~g 1the ,spring ;of 
1922 and found Apante'iesmelarwsc&'U8 v.&yabundant,:y,E)t ,in ,thE) 
,E)x~a:tion .of 100 .cocoo~s hardly .one .couldbe found which had .no.t 
been kill.E)dby hyperparaSl~ or idestroy~ :byanta, .. 

'Th.erE) is ,a .close relationship . ,
'-..,

,be.tween the.abundance of the 
gipsy moth, .ofthis Apanteles, 
.and ,of itshyperparasites, ,any 
one .of which .often iner.eases 
rapidly under ·favorable.condi
tions.. In several cases in cthis 
.countrY where the gipsy-moth 
infestation was increasipgtherE) 
has ibeennoteda remarkably 
rapid inereasE)of .this parasite, 
which~ in turn, has :been ,over
taken by thehyperparasites; 
not, howE)ver, until .it had had 
itsef£ec.tonthE) :gipsy-moth 
infE)Station. 

. Such hyperparasitism is an · h di to F.JG. 21.-cAdult. male, X 4, ,or.HVfKJ8l1lerdi8pllrlJ.·.extr.aordinary an cap . over- (Ho~ard8DdFjske) " . 


come. Fortunately Apanteles. 

has two generations annually~ which gives it a reproductivE) ,capacity 

considerablygrE)ater than ,that.of its host. The first orspr~gE)n{'.ra:" 

tjon is exposed,tothehyperparasi~ for ,only the few ,days .while it is;in 

ita ,cocoon,and it :isnotp!U'aSitizE)d ,to·a se:d9.\ls ·E)xtent. In spite of ,thE) 

great mortality of ,th.i.il spE)cies it is ,one of ,the most valua:bleintroduced 

enemies of .thegipsyfnoth. ',' 


'BYPosOTER DISPARIS Viereck 

Although Hyposoter disparis VierE)ck (fig..21), a ,parasite of $e 
.small ,gipsy-moth caterpillars, :was :recovered in v:erysatisfactory 
numbers in 1913, it has. nE)ver increased to .any .appreciable ,E)xtent. 
it has ,a single gE)neration annually and hiberna:tes within its .cocoon. 
It has (been :roooyered ;sparingly nearly every ~ear :sinCE) its intro
duction. 

FOREIGN DISTRIBUTION AND ,ABUNDANCE 

'The :records at thE) ;gipsy-moth Jaboratory,do not show it ,as ;0. 

widely distributed'spE)ciE)s. In 1907 ,this parasite was first discoverE)d 
:in la smallcollec.tionofgipsy-moth ,caterpillars imported iromKiE)v, 
RussIa. ThE) number obtainE)d,. in ,comparison with the number of 

1781°-29---4 
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caterpillars in the box, indicated that the percentage of parasitism 
was considerable; but an expert traveling in Russia for the Bureau 
of Entomology in 1909, who searched for this parasite especially, 
was able to find only a few cocoons. In 1910 another search for it 
was made in several Russian forests but to no avail. In Gioia Tauro, 
Italy, it was found abundantly in 1911. 

During the recent gipsy-moth parasite investigations in Europe 
nothing comparable .to the great abundance of this species in Italy 
in 1911 has been found. Several new distribution records have been 
obtained, but so far as these investigations have shown Hyposoter 
has been only an .incidental enemy of the gipsy moth. During this 

FIG. 2'J.--Cocoons of Ilvpo.,ater IIisp~ris on lelwes in gipsy-moth feeding truy. Note the caterpillars
frOln which the parasite maggots issued 

work a few have been recovered in Spain, Hungary, Poland, Yugo
slavia, Bulgaria, and Ozechoslovakia. 

LIFE HISTORY AND HABITS 

Because of the great scarcity of this parasite in New England it 
has not been possible to make a detailed study of its life history and 
habits. At the time of its colonization in 1912 the chief object was 
its liberation and establishment. Since that time so few have been 
recovered each year that, until 1926, its life history had received 
little attention. For several years large collections of gipsy-moth 
caterpjJIars ·were made near the sites where this parasite had been 
liberated. In many cases the parasite was not recovered, and on 
several occasions when a few cocoons were obtained the parasites died 

http:AGRICtrLTUR.El
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. ;dlll'ing\,1hi~atio,n~..Ql'orily,.e;singl~.se:J;.:issu~:th~ .followingspl'ing~ 
. ..,0. :.lltiotis1y... en~ug~!})Il1Y.male.~ haY-e.·.~n. .1WO.' '.•'. Y~ in. 'SQ~ese.as~.ns

:and,only females .m,otiJers. .. . 	 ,.,., . .' Jl • 

.~Se.ver.al,co..J.CO.OD;8W ..~ 	 ...u~..et :o.Pt~.e,d~uring,th.~SUIP,Jlle.r,ot/l9.26,,.and."a~
.' .61> mOl'ecame ·Wlththepar&Slte;mttoductlOn:S::froW. EW'O}lEk ,D:unng 


:the:sp~g,of 1927, for the ti,rsktime ,Sin:c~19l:2,lJ.dlilts'Qf J:~)j;h i~~ 

.em~rged·afterhibemation .at:the\l.aborAtoiy;.A:p'p~ntly.fertiliz!i.tion . 

occurred, iou'l; only ;maleswere.obtained·fr9IIi.the re,SUltiDgo':cocoons.· .' 


.·Thes~cies~asasin~e.g~er,atio;n.:and~'tWtfr~ly,depen4e~ton,th~

glpsymo.th. The adUlts ~sue, from .' Ithem '~CQoD1;l·aP9:ut .th~ ·fkst 

'Yeek)n May,ac;cordi1i~toR. w'~oldridge,.w~o is;mvesti~f),tiJlgit~e . 

life ·history .of ,th~ ;SpeClCS~ 'l'hey mser,t. i~herr.eggs''ln ·first-'mstlJ,l':and 

second-instar .caterpillars,andthe ~at~e la.rv~issuefrOmfmlrth"" 

insJ;al· .caterpillars.Innatur.e most ,of the'larvae ,drop":.tothe ·gri>rind, 

and 'her,e .the .cocoo~s ;areform:~d{lJld otl,l6,·wjn;tet is "p~sea.·;Sont~ 

cocoonshav:e,been foJ,Uid '.Qn j;r,eetn,mksaJ),dJe8.!v:es but .they . .are.~~y 


. dislodged. In laboratory rearin,g ,traysj;he ..co.c.o.onsare fo~d in,th~ 

bottom ,of the trays or· att.achedto :the . foliage .(fig~22) which jy;/iS 

placed in the .tray as food :for ,the .caterpillars.: 


lNTROI>:u¢TI0N;,AND.jC00NIZATlON 

As s~ated, Ilyposo.ter w:asfo4h4lngre8.!t;ab!IDd~~•.at.G~~~a''f;aun>, 

Italy,m 191~.. About.12.5;~:cocQ?-ns ·of Itwe~6gathered~mthe 

field, placed. m bp)Ces, ,and .shipped,.tQ Me4',Q~·:ffigPJands.Mostof 

these ,c.Qcooilswer~ piclt~t:J: np'fio,lll the leaf,~91g ,gnthe ,gq>,UJ;ld where 

the ,species nonnaJIy passes the·winter,. .,', ... ' '. ' 


When thec.ocoons were :rec~iYed;at .theMelrose l~b9rali9ry \they 

were divided lntosmall lots aJid placed in ;s,tout pasteb()ard <bo~es 


(fi~. 16, D),. on whi9.h. we!e p.~Jac.e.d.~4t,., ..
...• fi;ttiIlgco,'~ets.A. ;~lass·'Yi!Jl
4 mches long and 1 mch ll.l dilPl:l.ej;el,' w,as msertedm .apaper ·cone 'lA 

the end of .each box to .d,raw .off'theaq.1.t1ts ,or any .:hyperpaI:~tes 

which might issue. ·The,.cocooJ;ls~I:j.,1iaine.d .agreat y,:aI',ietyandabun,. . 

dance ,of hyperparasltes whlch.cOJ;ltin,tled ,Wjssue thro~ghout j;h~suini' 

mer and .early fall. Later, after :this issuRll"ceceased, :a If!,tge nurriber 

.of th~cocoons .from . which no hyperpa.rasites .'hadissued we,re ,colon

ized. Th.ese were .placedon sphagnum· moss ~n.a.cagein .t4e ,gro:und. 

M.... oresphagn. .. 	 '. dthec.age w.as .t.henn,m m,0.88 .w.,.as placed .oyer .them, ..an. 
.coveredwith heavy wire netting ,coarse ,enough ;to .ellow .the pf!,I:a
sites .;to esca:peand.strong ,.enough ,to. pro~c.t :th~ mate~a.lfrom 

.enemles. The remamder.ofthe matenal .was.carned .thiou.ghthe 

winter .at the laboratory .and ;about 12;000a4ultl::i lSsuedthe following 

spring .and were liberated. About 500 .cocoons w.erereceiy-edduri,ng 

thesumme,r :of 1927. These have. been p1acedin hibem.ation .cages. 


RECOYERY Ai-rn •	DUJPERSlON 
" II,. . C 

'Hypo8oterdisparis was recovered in 1913, the YC:l~ following its 

liber,ation. It is recovered .e,ach year but .only very ,SI)8.ringlY,and not; 

more ,than a few miles from the are,a wher,e it w:as ,o~ginally liberated. 


'YAL;PE O~ H),POSOTER DIS!:'#WV 
.:o-l~, ~"' 

lJp to the present time it has not .b&en an important enemy .of :libe ' 

gipsy moth In. New England. Its ,annual r,eco:v;ery, altho~gh l}ls.mall 

'numbers, indic.ates ,that it is ~:firmlyestablished.. In the European 
 '~l 
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.. . 

,;j:nves.ttgations 'it mas . ;~x.eco:vm:ed.fromB8:veral<co.untrie8bution!Y 

,abundantly:;o~e ~ear, ::m's9uthem :!talY;~Jlt ,may me' ithat,tlijs 'pa.r~ 


. .site is ;a.ble 'to .:increase :to:adv:antageori!y:m:a :mildericlimate. ithan:is. 

'Zound::,aro'.un'de. iDos·ton· . .'" '. '''' . . .' ~ 
UI ", .. ,',". _,~ _.•: '~'.'\ ,. " , '. _.' • _~ _'. _~ , • _,...-----: .:.~ .'. . • . ' >;:",. < 

.,A 1b43gmmng.cwas"mooe ;m 1926tomcre~ t'nsspooles:bYl1:earmg ' .. 
It cat· Itl1e.]aborfltor;v:,:hut .s.eYeral :seasonsimay"'be ':reqUired ito:rear':a' 

<su1liCient.muniber :fora sa;tisIac.tory liberation. As :soon.:as ·eno;ugh 
;are:on':~dit :is ,:the.intention to ,,:place '!l;strong.c?l?:q.~m, .:southem 
. Massachusetts,:,the',climate :.there)hemg .milder ,:thanlt :IS m;the,Boston 
r~a,where:thisparasite.iSno~mEn!ly'ceXiSting.. .ltjshopea,th~t·~hen
;:this .has·been.donethe 'par8.SlteWill :be~under.more :favorable con- ' 
,ditions ;and 'become.~thejmpoitant ;gipsy~mo:thenemythat it·w:a.s:in . 
1911 jnJ;taly. '. '. . . 

, " ·co~~~',.~~qNNATA:M'" '. .' 

\0neofthefirstparasiteeneIriiesof:the:gipsy:IDQthand 'the brown
tail.mothto be obtained from Europe was ·Dompsiluraconcinnata,. 
",,' 1 

FIG. 23.- CompriluTllcor.cinr.4ia; ildnlt.!emale,)( 6~ 
, 

(Fig. 23.) It was first receivedjn 1.906, and then in ce.8.ch successive 
year up to and including 1911, but it was .no.tuntil ,1909tnat it:was 
considered ".as of :particular import~ce as agip~y-moth ·parasite" 
(14-,p..220). This .tachinid passes the wmter .as.B.n:.immature maggot 
within hibernating lepidopterous 'pupae (28), and .llasthree,an.d 
possibly fo·ur, generations annually. In New England it has heEm 
one of the principal checks on :theincrease ofthetrtpsy m!>th·and the 
brown-tail moth, as well as an Important enemy of natIve msects. 

FOREIGN DISTRIBuTIoN AND j\BUNl):ANCE 

This species has a wide distribution and has been recovered from 
the following countries: France, Belgium, the Netherlands, Germany, 
Poland, Czechoslovakia, Austria, Hungary, BUlgaria, Yugoslavia, 
Switzerland/Portugal, Spain, Italy, :Russia, and Japan. Duri:q.g the 
recent foreign work it 'hasbeen :found often in Europe, but not in 
abundance in the areas where e~erts of the Bureau of Entomology 
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.. ;havecarried.o.Il. ·theh-. in:v:estigatio.nsuntil tthe ..summer ··of :192'l~ :Jt 
has been .reared fromco.llectio.ns of:gipsY':Dloth Jarvae :made :by ~them 
;in:'H~gary,azechoslo.:v:akia, '~o.land,.SUlgaria, Yugoslavia,Spam, 
and Portugal. ':.rhedata :~htam~d UQm'ithe :rec.ent Euro.pean wo.rk 
.of :thebureau up' 'to 192.7w:o.uldindicatethat ,this speCies .is .no..tan 
.imponant enemy!o.Uhegipsy;mo..th. .Ihvillbe:remembered, ;ho.wever, 
'tnatduring the ear~y yearso.f 'the;importatio.n '~orkthis ·specie.s was 
ix:eceived only sparmgly fo.rthree ,years, and. It was ;not until the 
iourth ye~o.fthewo.rk that .it was .co.nsideredo.fimpo.rtance :asa 
!gipsy-mo.tll parasite. , () 

. Thenuniber o.f Compsilurareceived. ir.o.m :Europe during :t~09 

indic.atedthat.it must .ha~e .beenanimpOdiant parasiteo.f :the gipsy

(;:~Jth caterpillars that seaso.n. It .wasio.und ,in :many lo.catio.ns,-, 

especially .in so.uthern Fr8r;lce·andGermany.The large Inumbero.f 

ElJ!OP~e.ninsects :reco.rded .as ho.sts o.f:this fpa.rasite .isalso. mdicative 

·o.f .Its .nnportance. The ,reco.rds ·sho:w ·that '.m Euro.pe ·tb"ere,&:e 'years 

when Co.mp~ilura is ·o.f·co.nsiderable impm:tance as.anenemy 'o.f ·the 

'gipsymQth and. the bro.wn.;tail ;mo.th. . Evidently .it has :p.erio.ds o.f 

abundance and scarci~y, as is.the.case ,witlImany mec.ts. 


Its value as a gipsy mo.th and bro.wn-tail mo..th parasite is :~!lfgely 

dependent upo.nthe .abundance . o.f. suitah.le ~'h;ib.ematingho.stSi\and 

this acco.untsto. a Jarge degreefo.r Its 'peno..diclo/o.f .abundance. 


:LIFE lIIsTOR:Y AND lI:.mITS 

Oompm'Ura c.01lCinnaiapassesthe wipter ,as ·an !imn1ature maggo.t 

within its ;ho.st. Abo.ut25 speci~o.fhibematingho.sts in:this country 

have already been discoveied :inthe Jnvestigatio.ns(26)carried o.n 

at the gipsy-mo.th Jabo.rato.ryat .Melro.se Highlands, .Mass. 

Fr~Dl the .middle~o. the l~t of .Aprllthe Jtill-gro.wn parasite mag


go.ts Issue from theIr o.verwmtenng .ho.s.ts and pupate, the adults 

appearing abo.ut 10 d/LYs later. There ..arefro.mthree t:y fo.ur genera

tio.ns annually, the first o.neattacking the small bro.wn·4ai1.mo.th and 

~p!?y-mo.th caterpillars. Other reco.rds sho.w that thisgeneratio.n 

IS no.t co.nfined to. these two. species but attacks many native insects 

alSo.. The adult parasites livefro.m 18 to. .20 days, so. there is an 

o.verlap.ping o.f generatio.ns in ,thefiel. d, and adults .maybe co.llected in 

the field fro.m May 1 until November 11. 


The female is pro.vided with a lo.ng curved sheath which is very 

sharply po.inted. It is used 'fo.r piercing the bo.dies o.f the caterpillars, . 

and guides the larvipo.sito.r as a living maggot is inserted into. the 

ho.st.Acco.rding to. Oulver (12), and To.thill (24) the reproductive 

capacity o.f Oo.mpsilura ranges from 90 to. 119 maggo.ts. Innature 

the females are presumably mo.re lecund than in co.nfinement. 


There 'are three larval instars within the ho.st, requiring an average 
o.f IS days fo.r their develo.pment. The mature third-instarmaggo.t 

bo.res through the skin o.f the host, usually in the caterpillar stage, 

and. pupates o.utside o.f it, but o.ccasio.nally .it do.es no.t issue un.til 

its ho.st has pupat.ed. If thoe 1I0.st. o.f Oo..)mpSilura is a bro.wn-tall-mo.th 

caterPillar the maggot usually issues while the caterpillar is spinning 

its lo.o.sely wo.ven co.co.o.n. and may pupate within theco.co.o.n. When 

the.ho.st is a gipsy-mo.th caterpillar the maggo.t upo.n. issuing usually 

drops to. the ground and. enters the so.il fo.r Pl1patio..n, but it may 

pupate in masses of mo.lted skins or pupae. _ The puparia (fig. 24) 
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are often found in 'crotches of trees :where {the hosts are 'reSting ,or 
,under debris and stones on 'the ground ;where the Jparasitized cater
,pillars havecrawled.In:,ifrom lO ,to 14daysatter 'theparosites have 
left their hosts 'theadults,of:the -next generation ,appear. " 

Reproduction continu~ d~thesummer, and ,as the hosts pre
,pare :for ,hibernation -the 'Compsilumma.ggotswithin them ,becOme 
,quiescent un.tilthe, 'following spring. 

hrPOR'l'ATION 

During the .first years of the ,introduction work largen.umbers of 
Ibrow:n4ailJJloth and gipsY"moth caterpillars 'were cOllected from m~y 
areas in :Eu!io.pe. Th,~ :Were sen,tto th, e giJ>sy~moth laboratory, fuSt 
at Sa.ugus, 'Mass., and later at Melrose Highlands, MasS. For ship
ment, the ,caterpillars were placed :in light wooden boxes a.bout 8 
inches long, 5 inches wide, and a ,inches deep. In one end of each 
box was a hole about linch in -diameter covered byfinecopper-:wire 
;netting. Each box was :well supplied with foliage fer the caterpillars 
and covered with a wooden top. The ,boxes 'Were then made up into 
packages of size convenient for shipment. 'There 'was usually a Virery 

FIG. 24,- Compaflul'G ,l:O!Icl1lMla: Lateral view of puparium, about 10 times 
nat,ural size ' 

heavy-mortality of the ca.terpillars while in transit to thiscoun:Jiry, 
but III :many cases the Com,psilura ,m,~aggats issued from the ca.'ter
pillars en route and!pupated successfully in the bQXes. ,Fxom 1\906 
to 1908 most of the Compsilura were obtained in this :manner '!tom 
shipments of full-grown brown-tail moth caterpillars. In 1909, 19,ilO, 
and 1911 many Compsilura were .recovered .from sh.ipmentsof giP\sy
moth caterpillars as well as from brown-tail .moth caterpill~. ' 

COLONIZATION 

Compsilura was first received and liberated in 1906 with .some other 
tachinids. The identification of these parasites was not possible I!l.t 
the time, so the exact number of 'Compsilura which wereliberatE\d 
in that and the following year will never be ·known. It ,is ,knOWil, 
however, that the liberations made in 1907 were much greater than 
those of the preceding year. In 1908 no liberations were made aI,. 
though the species was received from several European countries. 
The numbers of Compsilurf!.. which ,have been liberated are given iu 
Table 7. 
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Year 
New ~P8~~c;!

EnaJand .biB 
Canada New 

.M8Ilco 
Arizona ,Florida Total 

\\ 
" 

j
,1 

~--II------·----- ---I---"'I--~- ------.
1000_______ ,Few. ____________________________________________________________________________ _ 
1007__._.- <I> ___.---  ______•_____________.-----  _____________________________________ , 

!I~~;i~~~f~~~~~~~~~~ .~ 
1015_______ 0;1182 __.------- . ~.OI3 2,005' .2,000 __________________ .800 J1UOO ,
]016.______ 9,518 ________ '15, 72lI _____________ • ________.------ _.______._ '2,125 :27,368 ., 

l!!g=::=:= ---~~:. ::::::::: :::::::::: ::::::::: ~=~~~:::::::::::;:::::: :::::::::: ii! 
.. 

11120____________________________________-'____~ ____________________________; .--------. ________ h 
) 

~~::::::: ~----:mj" ::::::::::::::::::::2:::::::: :::::::::: ::::::::::4,= :::::::::: t.=19ZI._______------- _________________________________~_____ 1;000,4;000 __________ :6,000 

i~~~~~~~~~~:~~:~~~~c~~, .!~ ~~~. !~ 
1 Many;m_than previous year. 
• All of tbe CompsUum liberated previous to 1912 were. of forelxnstock. Since.19111.all ofthe CilmPIIDura 


tor IIberntion.ha. vebeen oblalned in tbe New EncIandStates except 13,3SUn 1927 ,.,blen came tromE!1I'OjIII. 

I Most of'tM'CompsDum wh!eh have been aent to Canada1!:8Rl obtained by ~:trom UleJltaa:.of 


the DomlniOllllltomologistwho made their headqnarters, whlLa ilblalnlnl this mateii81, at,thllliPllJ'.moth 

,lobomtory.llt;MeIroIe llJghlands, Mass.' , . . ....: 

In New England. tfi4l, parasite has been c()loriized intheadrilt.1orm 
as.well 'as in the pup~:li"ial stage. Whenthepuparia have been ,cQl
olllzed they have bee.n placed on ·the ground mprotected :p1aces,;and 
lightly,covered with a layer of earth an~ leafmold. In recent years 
the practice has been. to hold the pupa.riaatthe laboratory and ,allow 
the adults to issue and mate before being liberated. ThismethQd, 'of 
colonization is considered better than the oolonization of puparia. 

Although there is usually considerable ,mortality of iiachinidsw:hen 
held as adults in confinement, the liberation of fertilized :femaleE3 .has 
enough in its iavorto counterbalance this mortality. When .the tachi~ 
nids al'ecolonized aspuparia, the adults as they lssuemay spread 
so xapidlythatin many 'C8.S6S th,e ~x~arenot. ,able ·to. ,m~t, ,and .0.. 
generation of maIesisproduced parthenogeneticiilly. When1fll'tiliZed 
females .are liberated .the number,of parasitesIn·each 'cQlony !nood;l'.\ot 
be so great as when th~ colopy isput,o!J,t.·~p,uparia.. 'TJiispemlltst~e 
liberation of more colonies and makes :for~a ,quickeNii,sperSion'.overthe 
infested territory. Whenpuparia'havebOOn :c010nized, '500 'orm9r.e 
were placed in each colony. 'Inli~atingcolonies·of:fertiliz.~lemaJ.es 
250 to '300 parasites in each colony '1ll1" consideI"edsUffici~ntto insure 
its establishment. It should be -noted, however"tho..t in attempting 
the es.tablishment of a foreign tachinid ,not present in this country 
much larger colonies should be liberated. ' 

ApPARATUS USED IN CO~SILURA LIFE-HISTORY STUDIES 

.A wooden tray (fig. 17) about 14 inches square and 5 inches deep, 

covered on the bottom with white cotton cloth rmd ,on the top with 

glass, was found to be very useful in breeding'work with this species. 

One-inch holes bored in three sides 01 the tray and covered ,with fine 
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copper-wire netting allow ventilation. Another I-inch hole, near the 
top of one of the sides, closed with a cork stopper, is convenient for 
introducing adult parasites. .A 2-inch hole bored in the side of the 
tray not containing ventilation holes is used for inserting and remov
ing the foliage for the cat.erpillars. This hole is closed by means of a 
large wooden stopper. Often, in this large wooden stopper is a I-inch 
hole into which a glass tube full of water is inserted. The stems of 

the foliage pass into this tube of water through a small hole in a cork 
stopper which fits into the open end of the tube. In this manner the 
foliage in the cage is kept fresh. Another method of keeping the 
foliage fresh is to insert the stems in the same way into the open end of 
a small crook-necked bottle of water. Seepage of water from the tube 
or bottle is preven ted by wrapping the stems of the foliage with small 
pieces of newspaper before inserting them in the cork stopper. The. 
foliage should be changed each day, 
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'l'lle :adult parasites are fed ;by;slightly moistening pie~esof sponge 
with aminure ·of 1 part ofhQ.pey to .2 .parts ·of water. These pieces 
'of sponge should oeplaced on api~eofparaffin paper .so that they 
.do nO,t foul the cage .andshould be thoroughly cleansed .and mois
··tenedwith afresh mixture of honey and water :each day. Within 
such a tray gipsy-moth caterpillars and :Compsilura are easily ,kept 
,and observed. 

Glass vials 8 by-2 inches were found 'very useful for securing larvi,. . 
position in .individual caterpillars for stu<ly.:Afertilized female .and a 
,caterpillar are confined.in such a vial until the host is atta~'!.ted. The 
'caterpillar is then removed and placed in a smaIl tray (fig. 25), for 
.rearing. In cases where the studyneClissitatedthe keeping of a para
sitized caterpillar isolated, small cans (fig. 16, E) were found to be 
very satisfsctory~ 'These 'cans are eaSily kept clean . and the foliage 
remains fresh in them longer than in open ·containers. 

METHODS USED TO OBTAINCOMl!SlLURA FOR COLONIZATION 

By the year 1912 this species was :fipnly ·established, but !further 
colonization to assist in its dispersion was .necessary. The procedure 
has be~ t.o mBke small sample collections ofg!psy-moth .caterpillars 
from mft.!l:r locations, and from those s~owing thehighestl;"erce~,:r 
of parasltism large numbers ·of caterpillars werecollecte. M . y 
fifth-:instar and sLnh-~tar caterpillars are collected .for the .bulk 
recovery of this parasite. These are put in wooden hoxes, 3 .by 
5 by 8 inches. (Fig. 16, F.) In ·each box with the caterpillars is 
placed a small quantity of foliage and a note indicating the location 
from which the collection was made. The boxes are then sent by 
mail to the laboratory or brought in by the collectors. On arrival at 
the laboratory the caterpillars are placed in large wooden trays and 
fed. As the parasites issue they are removed from the trays:andput 
up in colonies oI 500 each and kept in a cool place untill'eady for 
colonization. If adults are to be liberated thepuparia are placed on.soil 
in emergence cages (fig. 8, B) and handled as described on page 18. 
Aitermating has taken place the females are put into a colonization 
carre (fig. 9), to be taken to the field for liberation. . 

During the last few years, in addition to the COJllPsilura obtained 
for liberation from gipsy-moth 'caterpillars, many have been reared 
from large collections of caterpillars of the satin moth. This recently 
introduced foreign insect is rather heavily parasitized by Compsilura 
and, being abundant in many locations in eastern Massachusetts, is 
a convenient host to collect in large numbers for bulk recovery of 
Compsilura. 

COLLECTION OF HOi;lTS TO DETERMINE THE PERCENTAGE OF PARASITISM 

As this parasite attacks a great variety of hosts the collections of 
host caterpillars are not confined to the gipsy moth and the brown-tail 
moth, but the satin moth and a large number of native insects are 
collected annually. 

PARASITISM OF NATIVE INSECTS 

Compsilura has been reared at the gipsy-moth laboratory from 

approximately 100 different species of insects (26), in most cases 

lepidopterous caterpillars and pupae. With sqme species the para,
sitisrn has been very high. ..' 
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This information has been obtained through the handling annua.lly 
of from 50 to 150 different species, involving the care of from 18,000 
to 60,000 native insects each season. These insects arc from many 
collections, some of which contain only one larva, others several thou
sand. They not onlyrequire daily feeding, but many of them must 
be successfully carried through the winter in order that the desired 
information may be obtained. The handling of so many species 
recl uires the use of a ltl;rge variety of rearing cages and a careful system 
of recording the data. The matel'ial is collected by members of the 
laboratory force when they are in the field, and also by members of 
the field force who are provided with small mailing tubes for this 
pmpose. Nlany of the local moth superintendents in :Massachusetts, 

Fill. 2fl.-'['ypc of ordinllry trny used lIttha gipsy·moth iaboratorY for feeding snllllJ colJertions of cater
pillars. ;-\OlU tho band of sticky JIIuterial on the inside of the sides and ends of the tray to pro
vent cnlerpillllrs frODl escaping 

and i1ltcrested people all over New England, contribute to these 
collections. .As the host material arrives at the laboratory, it is 
Ilssorted according to the species and placed in containers suitable 
for reflring the insec.ts. The ordinary gipsy-moth rearing tray (fig. 
2u) is used for many species. For some species the glass-covered 
trny shown in :F'igure 17 is better adapted. Another tray, useful fOl' 

some spceies, is a modification of the one shown in ll'igul'C 25. It hilS 
a wire bottom instead of doth, and may be placed on the ground 01' 

may lllwe u small quantity of earth put in it for the larvae, which 
PUPILtc in the soil. Many types of small cans nnd jill'S, some w.ith 
eloth tops, held ill place by clnstiG bands fmd othel's with tin or glass 
tops, arc w;ed. (Fig, 1u, 0, E/ G.) 

http:insec.ts
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Recentlyacy1in.drical can 2 inches in diameter ;and2 inches J.ong 
(fig. 16, H) with a gIo.sst.oP .hasbeen f.ound very useful :f.or rearing 
indiVIdual caterpillars and their :parasites.The c.over is .made by cut
ting.out m.ost .of thet.oP.oI ,the tin c.over ·..of;thecan, leaving\en.o~gh 
.of the tin. ~.ound the ,circumference t.o xetain :acircular i»o~ ,of :glass 
placed behind it. ':Dhe;gIass is heldtberebymeans .of three small metal 
clips s.olderedt.o the .tin. Withthe glass fitted iut.o the c.over ,the h.osts 
.or their parasites can readily be seen 'with.outrem.oving the ·t.oPi.and 
if :aparasite has issued the ,can may;beopened with less danger .of the 
parasite.escaping~ When there ;are manyc.ontaiuers ·t.o .observe ,each 
day the cans with glass c.overs Eiavemuch time in the routinehandllng 
.of this material. 

Some .of the c.ollections which arrive at the laborat.ory are placed 
inc.ontainers in which they ,are t.o pass ,the winter.. Jars partly 
filled with ,earth serve the ;purp.ose8~tisfact.ori1y i.ormanyspecies. 
Other ,types .of hibernating cages J.or insects which pass the ·winter in 
tho soil are sh.own in Figure 16, I. . One .of these .is ,a galvanized-iron 
cylinder ab.out 10 inches I.ong and 5 inches in diameter.Th~ b.ott.om 
is c.overed with fine-mesh c.oPper-wire netting ,and the top may be 
c.overed with the same material .or with ,cl.oth. An.other .one ,made .of 
0. str.ong heavy wire netting is used .f.or the hibernati.on of Cal.os.oma 
beetles. . 

PARASITISM OF GIPSY-MOTH .LARVAE 

Many collecti.ons .of gipsy-moth caterpillars are ronde annually t.o 
determine the percentage .of parasitism .of this species by C.ompsilura. 
In general these c.ollecti.ons may be divided int.o three series, namely, 
the semiweekly c.ollecti.ons, the Il<.unual c.ollections fr.om .25 specified 
t.owns, and a large number .of miscellane.ous c.ollecti.ons. 

The semiweeldy c.ollecti.ons have been made during the caterpillar 
season f.or several years ,at Melrose .or surr.ounding t.owns. They are 
merely a c.ontinuati.on .of similar collecti.ons made of the smaller cater
pillars f.or data in regard to the parasitism caused by Apanteles 
melanoscelus, and are described in the part .of this bulletin pertaining 
t.o A. melanoscelus .on page 46. The c.ollecti.ons f.or rec.overy .of 
C.ompsilura C.onsist .of third, f.ourth, fifth, and sheth. instarcaterpillars. 
Usually n.ot many caterpillars which have been c.ollected while in the 
,third :ins.tar have been in the field I.ong en.ough t.o bec.ome parasitized 
by C.ompsilura. High percentages .of parasitism are s.ometimes 
.obtained fr.om caterpillars collected while in the fourth .instar, but 
the highest percentage isf.oun.d in caterpillars of the fifth .instar. .A 
decrease in the percentage .of parasitism is usually shown in cater
pillars collected assh.-th instar. 'Occasi.onally Compsiluramaggots 
issue from gipsy-m.oth pupae, but the great maj.ority .of them .issue 
fr.om the caterpillars. 

Tables 8, 9, and 10 sh.oW the percentage .of m.ortality-of the gipsy
m.oth caterpillars caused by C.ompsilura in c.ollecti.onsof caterpillars 
made. in 11elrose, St.oneham, and Saugus. In most cases each c.ollec
ti.on c.onsisted of .100 caterpillars, all .of the same instar. These were 
placed in trays and here they were cared f.orthr.ough.out ·the season. 
The trays were examined daily and careful records were kept .of the 
.observations made. Each tray was c.onfined in a screened c.ompart
ment (fig. 27) to prevent the .occurrence .of any parasitism at the 
lab.orat.ory after the c.ollections .had been.made. ' 
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FlO. 27.-Screened·in rack for holding trays of gipsy·moth larvae collected to determine the 
amount of parasitism. Two trays are partially withdrawn to show the doors over each compart
ment 

TAlILE 8.-Semiweekly collections of gipsy-moth caterpillars made at Melrose, 
j\Jfass., to determ-ine the percentage of parasitism caused by Comps-ilura concinnata 

Number '![collections made and stnge of hilVOS collected IPercentage of parasitism 

:Year 
3d 3d and 14th 4thnncl 5th I'sthandl 6th ILow- HIgh., Aver

4th 5th' 6th est est age 

-------.1---2===:~=____oj===: =1--- ---0- ---0 
0 

1915 I{------- 4 -------- -------- -_______1____,-___ --------, 0 5 2 

-----------------1· :::::;: ::~=::=: :::::::: ::::::~: :::::::=I~~~~~~~~ ==:=:j 19 ~ ~ 
1916 +------ .------- 8 -------- -------T------- --------\ 2 24 7 

-----------------!I:::::~:I'::=:==:: :=:::== ====:=== ::::::~: ~~~~~~~~I=::::] g ~ 19 
1917 I{------- -------- • -------- -------- ----____ ________ 50 4 

-----------------,------- -------- -------- -------- 5 ________ ________ 2 8 6 

----iii-':::::::: :::::::: :::::::: :::::::: :::::::: ______~_ 8 ~ ~ 
1918 i ------- -------- 3 -------- -------- -------- -------- 1 4~ 2{

m"~~~::::~~:::~.~~~~!~~~~ ~~~ ~.~ :==~~: ~~..:~ ..~~ I · ij ~ 

192O-------__________ 1{______+______. 9 ________ ________ ________ ________ 7 ' 31 19 

'{-----s-I':::::.::: :::::::: :::::::: -----=~- :::::::: :::::::: ~ ,81 ~ 
1925,.------. -------- ll. -------- -----___ ________ ________ 0 3 1 

----------------1 :::::::c:::::: :::::::: :::::::: _____ =~_ :::::::: -----iii- g ~ f 
'{ 3 ,-------- -------- -------- -------- -------- ________1 ~ 18 5 

1925 dissectlons_____ ' .------ ------- 10 -------- -------- ------__ ________ g I~ ~ 

;:::::::1:::::::~F:::::;::::::::r------~- :::::::: ------2-1 0 4 :I 

I Of the Ii collections made, 0 showed from 19 to 44 per cent of pnrnsitlsm.
, 01 the 9 collections made, 0 showed over 20 per cent of parasitisw. 
J Of the 17 collections made, 2 showed between 50 and 00 per cent of parasitism, 2 of them between 00 

nnd 70 per cent, 2 of Ihem between iO and SO per cent, and 2 between SO and 87 per cent of parasitism.
, DurIng thIs year most of the collections contained 50 cntcrplllnrs each. Half of these were cared for in 

lruys Bnd the other half were dissected. 



''I'hese.~llections :w:eremade ,each year from 19.1:5 {to 1920 inclusive. 
'The figures obtained show .clearlya very high percentage of parasitism 

. olthegipsy-mo:th caterpillars m1919 and 1920. In 1920 th~1;nJ,ortolity 
waf? so ,great that n~ 'cpllecti(;)Ds ,~f s~-insta.r .cater,pilla:rs ,co~d :00 
be made at the collectIOn iPOmt 'ill Melrose. Oompsilura .CO:lunnnata 
was the ,chief cause iorthedecre"se of ,the infeJ?!iation in .this locality~ 
althQ.ugh ApantelesmelanoscelU8accounted for ,the .death ,of ia ,consid
erable ;number of the ·earlier stllges of ,this host. ,Oolosoma sycophanta 
also was present .and ,killed many Jarvae. Since 1921the ,gipsy-mo.th 
infesta.tion in ,this .area has ,been so dig}. t that semiweekly ,collections 
of caterpillars ,could not ·be msdeuntil1925,so ,the semiweekly,co!~ 
lectionsto represent this section were ~made :at Saugus, Mass. :Some 
of f"tlese years it has not been possible to find ,the fUll number for ,each 
of t.he collections at the collecting point in Saugus, and the ,collections 
have been comp16tedinmanycases in Melrose or;other Isurrounding 
towns as near tothecollectiJlg :point. ,8S possible. 

In 1925 the."'S was .0. slight increase in the gipsy-moth .infestation 
in Melrose and stUDiweeklycollections afthe larvae were made. Each 
collectioncontaiued 50 caterpillars instead.of 1 OOaa in previous years. 
Part of these collections were 'handled in the usual manner ,and ,a 
plirt were pIac,ed ina preservative for dissection. 'The .data ,obtained 
for 1925 are given at the bottom .of Table 8. The ,parasitism was 
.relatively low. 

TABLE9.-Semiweeklycollecti/l1l8 .0j.gip8lrmotk ,caterpillars at Stoneham, Mass" .to 
determine the percenl.age of parasitism ca.usedby CompBilura concinnata 

Number of coUections mads and stage orlarvnu collected l'r.rcentnge of.varnsltism 

Year 
3d 3d and 4th 4thiUld 6th 6thiUld Low. Blgb· Aver· 

4th 6tb6tb est est agel6tb------1------ -- ------------------- . 
._..... 6 '0............_.__.,._._•••••_ ••, ""'.' 0 .1 0.3 

1015...........__•••_ ..........._••• """" 2 ......._ ....... , ••_..... 1.1 13 12 

, 

""'" ................ '''''''' ........ ·6 ......__ 
8 .................: •••••••••••••_ ......., ......_. 

lOW................. ::::::: :::::::: ••••••~. "'-"2' :::::::: :::::::: :::::::: 

0 
.0 

J 
8 

11 

I ~~ 

5 
7 

.~ 
............__ ........._•••••• ___••••• ~ •••••••• 10 216 20 

3 ••••••: ••••_••__ ................ ,.,.,_........, 0 0 0 

{ 
1017 .....-' " •••-., 4 ••••••••••__••••••_ ••••••••••__ 

................. •..._•• "'_'.'_ •••••••• 5 ........ ".''''........, 
••.•_........................................., 3 

4 ..................................._._••••_..... 

6 
4 
2 
1 

J8 
00 
18 
3 

10 
.23 
II 

1 

{ 
1918 •• ........-... 2 ••'._'._ ••••••_••••_ •••••••••.•_

••••••• - ...---. •__•••••••••_••••_..... 5 ......., •••_••••••_••••' 
._._••• ""'''' ._........_•••• _.........._.... 6 

11
9 
2 

20
30 
'Sf 

16
J9 
.19 

{ 

5 ••••_..............__••• ""'''' ......., ........, 

1910._.............. ::::::: :::::::: •._...~. 00'''i5' :::::::: :::::::: :::::::: 
""'" """_' ,......................., •••••••• 21 

8 """" ................ __••__._ ",.,,_••_...... 

4 

.~ 
0 
7 

30 

•~ 
16 
41 

13 

1l 
1 

20 

{ 
1921 .' ••--. -....... 9 """_' _.....__ ••_••••, •••••••, 

'00'-"""00"" __ ••••• _ •••••••••••_... 11 ......., ........ " •••00' 

"'00" """" ......_. ""_'" ._••••• , •••••••• 3 

39 
7 
0 

• 66 
,63 

,4 

63 
28 
2 

I Of the 8 collections made 5 showed over 20 per cent of parasitism • 
• or the 8 collections mude 6 shOWed over 30 per cent of parasitism. 
s or the 0 coUectiol!S llIIlde·g showed over 40 per cent of parasitism. 

The Stoneham collections were made and handled in a manner 
similar to those made .at Melrose. The parasitism of the caterpillars 
caused byCompsilura was very high in 1919., .and although the table 
s.how.s that 21 collections. of sixth-instar gipsy..,moth caterpillars. were 
made, it shoUld be stated that many of these collections did not con
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tain the usual quota of 100 ,cat.erpillars, ior,the iniestation was greatly 
reduced"by ,Compsiluro..Calosomaalsowas present iand Apantele8 
1TUJlano8celus killed many.catm:pillars in the early instars. The infes
tation was so thoroughly :reduced that it was not possible.to make 
theserniweeldy collections in Stoneham during ,the ,following year. 
However, in 1921 the gipsy-moth infestation ;had ID,creased .enoughso 
~hat semiweekly ,collecti!>ns could be -resumed,and lthed!lta~ven 
ill T.able·9 show ,Compsilu:ra 'Very abundant. It ,was,agamJ ,chiefly 
responsible for 0. big reduction in this infestation. Since 1'922 the 
infestation at Stoneham has ,been too light to support semiweekly 
collections. 

Collections of gipsy-moth ,caterpillars have ibeenIll,.ade .at Saugus 
each year since 1921 .and handled in a manner .similarto ,those made 
at Melrose and Stoneham.Collec.tions were started at Saugus, ,0. 

neighboring town, because oIthe scarcity oftheigipsy moth at Melrose 
and Stoneham during these years. The infestation .at the location in 
Saugus, where the collections were made, has not :beenheavy ,du:ring 
the period .covered b~these c~llectio.ns.. The percentage olparasitism
byCompsilura at this collectmg !Jlomt has not been so high ,as those 
rec.orded at Melrose in 1919 and 1920, .and in Stoneham in 1919 and 
1921. However,as shown in Table 10, it has !been,consistently high 
,each year, 6."{cepting in ,1925, when there was a marked decr~ase ,in.the 
percentage of parasitism. 

TABLE lO.-Setniweekly ,coUectitm8 of gipsy-moth,caferpillars ,made at Baugus, 
Ma88.,to determine the percentage .ofparasitistn CG:used ,by Compsilura con
cinnata 

Year 
3d 4tb 5th 6tb Lowest Hlgbest Average 

---------1------------------- 
6 •••••••••••••••••••• """"" 1 11 .3 

{ 
1!l21 • ••••••••• 6 •••••••••• """"" 

............................ ••••.•••• .......... 10 .......... 

""'T':::::::::: :::::::::: ........~. 

2 
4 
o 
o 

15 
35 
13 

7 

i 
.l4 
4 
1 

{
1022 ......... 11 .................... 

10:···..······....·· .. ········· {~~~~~~~~~ :=:=::::;:I;;;;;;;~~; :::::::~~: 
............................ ......... •••••••••• ,12 .......... 

o 
II 
o 
3 

16 
8 

19 
24 
25 
28 
~O 
49" 

4 
11 

8 
13 
2410 

···....s· :::::::::: :::::::~:: .......~~. 2 
o 

14 
11' 

9 
4 

{1!l24 ••••••••• 10 ••• -•••••••••••••••• 
- ..................... '...... • ........._....... .13 •••••••••• 

......... .......... .......... 0 

o 
1 
o 

'Zl 
35 
,12 

26 
26 
8 

7 .................... o 4 1 

1925._••••••••••••••••••••••••••••••••••••-._...... 16 .......... o 11 3 


••,...... .......... .......... 12 o 5 1 

""""_ 4 ........., •••••••••• 8 12 10 


11125 (\is.~ectlons._............... 	 ......... •••••••••• 9 .......... 4 12 7 

-_....----- -......-_.. --,.. .. -------,-- 4 4 4 4 

o 16 4 
""" 	 •••••••~. ""-"'9' :::::::::: :::::::::: 8 44 19 

.1u.u.................••••••••••• 	......... .......... 13 •••••_••_ o 68 23 

........... .......... .......... 13 52 20 


7 ..........._.................. o o o 
" 
1!l26 dissections................. ••••••••. 0 •••••••.••••••.••••• o 20 Ii 

......... •••••••••• 13 .......... o 44 16 
11 ••••_••••••••__.." ........... o 22 7 

10 32 20 
.4 64 29Ifl27...............-............ 	:::::::: :::::::~~: ~~~~~~~~~~ :::::::i~: 

!1 00 29 
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GI.P8Y;:MOTH AND BRO}VN-'.l'AIL'MOTH lNSECTENEMIES (1)3 

. The-.WeeJ,dy .collections . .of .gipsy-moth l~&(l which have ;~n 
made ;atMelrose"S,toneham, and Saugus demonstrate .clearlythe ·great 
,benefit .that has been ,derived from ,the importation .ofthis ;pB.rasite. 
Because ·.of ,thelal>.or involved it has not hOOn possible to maire,s:uch;a 
;thorough ~st:udy.oi.the paraSitism ,causeci:py ,Co:r;npsilura in ,9th~ 
locatio.ns.. ' 

In 1915, 25 .repr,esentative ,towns w:ere.choseninwhich ,to make an 
,annual ,collection ,of ,gipsy-:moth,.caterpillars for ,the recoyeryof C.omp
,silura.Thesetowns ;are.scattered ,over ;the ,6$.tern nalf.of .thegipsy
.lJlo.th-infestedarea;a.nd ;although .collec.tionsof ,this nature.do 'not 
[give an ,accurate:6gure ,of the ,percentage .ofparasitism ,of the host, 
,they are indicativ.e ,of the ;generfll ;abundance ;orsca.rcityof ;the para~ 
site. 'rhe ,area IDyolved in these ,collections and .the percentage .of 
parasiti$mr.ecorded for Compsilura for 1923 .are .shown in Table 11. 

TABLE n.:-colledi0n8 ofgipBJI-mothcaterpiUar8'1nade,to ~mine.theabu~anc6.. 
ol·Compsilura ronCinnata and .8turmiasC'UteUatal 19t5 

I
PJllCJentage of 	 Num. Percentage of
Num· ;parasitism for-· her.of .parasitismfor.her of 

LoaIllty 	 larvae \--.---1\ Locality Jaryae 1---;-- 
'lIi~~ C .. con· ;S.scu-: .col· .C..con-S.scu, 

cinnata telJata .looted cinnata tellata 

---1\--------1-- ------.:--
Melrose, MII88••___••_.__ 100 36 35 1I0pkinton. Mass••••_.__ 100 'Z1 13 
,Sangus. Mass._........_•• 100 36 6 ,Candia, N. H.__._•••••__ 100 .7; 3 
Stoneham. M8&1•••••_••_ 100 10 10 .RYe• .N. ,H••_••_•••_•••_. JOO 10 31 
Wakefield. Mass•••••• __• 100 17 3 Stratham,N.H•••••••••• 100 35' .7 
ltc'Jere. Ma.'!S••••••••••_ 100 .36 24 Leominster. Mass•••••••• :82 40 2 
Beverly. MasS•••_••••••. 100 6 Ii Medfi<lid. Mass.•_••••___ 100 l!J ,6 
Middleboro,1vfBSS._••••• 100 14 1 Biddeford. Me•••••••.•__ 100 .7! .7 
WIlmington, 1.11188__••••• 100 , 62 7 WamJll. N. R .••••••.••• 100 :0: 4 
Lexington, Mass••••••_•• 100 '29 4 Plymouth, Mass•••••_••• JOO 42 1 
Boston, Mass••,.,•••, ••, JOO Ii\) ·0 Ashbumlmm, Mass•••••_ lOO 4 :!8 
Weymouth. Mass••••.•_. 100 17 6 ·WorcestJll, MBSS••••••••• aoo 25 3 
Deff)', N. R ••••••••••••• 100 :10 24 
Pelham. N. ,II••••••••••• 100 8 5 Total•••••••••••••_ 2,482 .._----- .. --_......._-

Acton, Mass••_••••••••••( 100 87 7 Average••••.••_ 25 10•••• ..-------

TABLE 12.-SummaT1J 01 annual coUections 01 gipsy-moth .caterpiilars from :95 
.townsto determine abundance of Compsilura concinnata and Sturmia scutellata 
from 1915 to 1927 

l'ercsntage of P8l'llSitismfor-
Number ________________~--------------__
ot.gipsy· 

Year motlilar· CompsUura
vne col· 
,lected 1-----;-[-----;------1------;-----;----

Lowest Highest Av.-!8gIl L\lwest Highest Average 

------------------·1---- -------.-----.----- 
1015••••___••••.•••_••••• _•••••_ 2,291 0 29 4 0 0 0 
1016•••••••••••••___•••••••__._. 2, 438 0 45 9 0 .7 1 
1917._............._••_••_••.•_. 4.218 :0 45 8 0 4 1 
1018•••••_...._•••__•••••••••••• 2,.il2 0 48 0 0 6 1 
1919•••••••••••••••••_•••••••••• ?,4B6 0 36 7 0 1 1 
1920••••••_._ ••,.,,_•••_.__••••_ 3.147 0 46 8 0 12 2 
;lD21 ••••__._ •••••••••_._~••••_. 3,179 0 21 4 .0 2 1 
JD22..........._••••__••••_•••__ 2,500 0 54 ,14 0 8 3
1923_.__ "" ••___•• _•••_••••__•• 2,482 0 il7 25 ,0 38 10 
1924••••••••_••••• _•••••••_•••_. 2,352 0 51 10 0 8 .2 
1025•••_••••••_........_••••••.• 2, 240 0 16 4 0 18 2 
11126••••_•••••••••••••_•••••_••_ 2,485 0 53 8 0 3 .0•.2 
1027•••• _ •• __................_. 2,503 0 35 II ,0 1 0.2 

When pOBSible .each collection contained 100 fourth-mstar to sixth
.instargipsy-mo.thcaterpillars. 'These were collected from .any area 
within each town. The caterpillars were fed at the laboratory in 
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trays until the paraSite maggots issued ;oruntil :the :C?aterpillars 
pupated; the ,pupae were ,then remov ..ed ,to separate .con,to:mers ,to :be 
held for .the issuance of Bturmia scutellata. 

A summary ,oftherecordsohtained from similar ,collections .of 
,gipsy-moth .cat-erpillarswhich were made at ,the .towns ~sted in ·'.Dable 
ll.each year from 1915 to 1927app.earsina much abridged form in 
Table 12. 

Fourth-mstar ,to sixth-mstar .caterpillars were ,.collected in this 
series ·.ofcollections. In most .cases ,each oollec.tion contained 100 
caterpillars takenpromiscuouslX from any location within ,each :town. 
The data ,indicatethatCompsilura was most .abundant in ,the areas 
involv:ed in 19.23. That year the .collectionsshowed .an .averageof 
25 percent of the larv:aeparasitized :by ;thisspecies. It .also shows 
.the facttha.t during the last few years this parasite has been less 
,effective.T:his is very cevident for 1925, for 16 percent, which was the 
highest parasitism recorded for .the.entire list ,of :towns, was ,the low
est high percentage obtained since ,the .collections were .started in 
1915,a.nd the average ,percentage of parasitism of ;thecaterpillars tby 
Compsilura was only 4. 

It will be noted that ;the table contains some data on ,parasitism ,by 
Sturmia scutellata. Reference will be made .to ,these ;und.er the ,dis
cussion of this species. 

Besides the semiweekly collections and the annual collections 
recorded in Tables 8, 9, 10, 11, and 12, a great many miscellaneous 
collections .ofgipsy-mothcaterpillars are received ,at ,the laboratory 
each season.. Many towns scattered over practically .theentire 
gipsy-moth-infested are.a are represented in these miscellaneous ,col
lections. In Table 13 .are listed the towns ,from which collections of 
.gipsY-Jnoth caterpillars were received in 1923. This list of towns 
indicates the are.a from which similar collections are received .each 
year. 

It should be noted that many of .thesecollections wera mada where 
th2 gipsy-moth infestations are ,extremely light and scattered, in the 
arel!. farthest from the older gipsy-moth..:infestedterritory. The 
records given in Table 13 ;are for 1923, when Compsilura was more 
abundant over the entire gipsy-moth-infestedarea ,that it has :been 
since its establishment. It is very gratifying to obtain relatively 
high percentages of parasitism from Jnany of ,the collections made in 
the area which is .only lil?htly infested. Such parasitism undoubLldly 
occurs in many places wnere light ,gipsy-moth infestationsal'e present, 
just east ·of the westerly dispersion line, and must be of inestimable 
value in preventing a rapid increase of this insect in these isolate:! 
gipsy-moth colonies. 

The dl!.ta obtamed from these collections.during the last few years 
are rather similar in nature to those in Table 13, except that ,the 
average percentage of parasitism has not :been so :high as for that 
year. It is not necessary for these detailed data to be inclu~ed here; 
but a brief summary of them is ,given in Table 14 and is indicative of 

..~the conditions during this period. 
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'l'''\ll,LE 13.--""~Qr~iam.ol fijt/i.,8,tag~af.ld .&izth;«l.ogegip8y-moth~r"p''Uar.lfbrt 
aptnprilurQ",~~nataa:nd., S~urmw8~tellatt!> .~n 1925~.Qlf .deUr:m1nedby .muscd

, )!J.~,~aOM, ,t:8~aUll .anthe.o:uterar~ . 

Stat<! .and.toWIi 

---1/,-.--:...---...:..---1----' -----
NewliamPsh!(C: Massachwietts....,contd. ;.Slu:ewsQury_________138 a :s : \162· .' :1~:r~~:::::::::::: 41 7 Toliimd8lldGranllville.. .00 19 110',0barJestoWll___________ Iia 11 . -----~23 ,Warehamc_____ ______ ,1l8 13 110What..ely_______ 

~ 

: ______ 
~ 

.: ,100 . 3 c_______.Chestllrfleld. ____- ___ ; __ ,101112 4 ____________ _ ;WestfieId_. ____________ c·Concotd~ J,005 50 ,j 2 '34
,W1l\ismsblUg_________ 00 :1)' ,1,7~ ---~-5ii- ----··--4 -10 1,.20 _______ _g~::::::=::::::: 

~ 

Enfleld_"_~ _________.- a5I oJ 7 1 ;:=~~:::::::::= :154 lS: 1:w:Or.thlnJtllD__________ ·1j1 ________ ,.113:62 11 11 c 
100 '2 J,9 Maine:Lelianon_____________ -' 31 ________ 29

68 U99 26 _______~i::i~::~==::==::=: _______ _Ruverbill ___ .--________ .Sandford.______________113 ',74 .lllnsd!lle______________ _ 
116 1.2. 3 W"er:lUont!Limg!\on_______ "______ _ 'M ,/ 21 ________ 

Lebanon_~ 1239 16' i::t:::~:::::::::::~ :50'ag., :::::::: :::::::: BrattIeboro___________ 4 ________III 1 <i7S111 ,1 11 ___ ~___ _~~::::::::::::::::: 
~ 

MUtOD_.____~_------·___ _ .~ .~ C,' I~ 
~Monroe_______ __._____ _ :~ 13 ,18, ,117 _______ _ 

New Durham..c_______ _ .34 :::::::: ------~ii i~~~::=====:J_______________",OrllftOD 31 '.29 :3O:dord________________ _ 7 1 29 _______ _ ,OrotoD..______________ c 
Piermont- ____________ 

135 ~91 4 ;GuUford______________ _ ,gg ,----~3i- ::::::::
PlaInfleId____________ __ lfartford___________,60 15 1 '.1Rochester______________ 

~~_~ 

.52~ '. _______ lIartland______________ --------2 --.-----_1622 4 
20 10 

~Wakefield_"'___________ _ Marlboro_____________ 
~ 

14' ________________ 
Welpole______________ _ Nonvlcb_____________ .43 _______________ _

108,1.63 8
Westmo(CIand______~__ NIlW:Qury_____________ 

~ 

M 4 _______ _
152.111 .3 Putney_______________ 

~ 

" Mnssacbusetts: 
Ablngton~ ~_____________ ;Roc\dngham__________ :: ----~69- -------,220 24- 4. Ryegate;.______________ '.2 _________• ______ 
Ashfield".Ash~l~L--------------_____________ _ 23 .2Il 4 ,Springfe\d____________ _ 10. ________________

23 26Brockton______________ StratYow____---_____~ 

Charlemont___________ _ J -----ii- -------5 Thetrord_______•______ _ .4 -----ia- -------ij
Chesterlleld___________ _ 
Colra!n_______________ _ .41(1 110 .85 '.3&

(.iii .1.5 ________ ~=~::::::::::::: .75:Conway__________ •_____ ,23 J 100 ________ Wardsboro___________ _ ----~oo- ------~8,25l>eerfield.___________ _ ·63 5 .._______ :w.estFalrlee_____~_____ ,I} ______._
.76 

100 10 27 122 32 '1
,Dedham______________ _ 'Westminster___________ 
Easthampton__________ 52 ________ 4. ,CollDectlcut:195 11 _______ _ Bloomfield____________ _FBlmouth_____ "'" ______ _ .34 ,1,9Greenfteld.____________ _ 60 43 _____.__ _ East ,Granby__~ _____~_ ,71 ----1"3" ,1!l1Goshen________________ ·.4 _______________New nartrow_________ _ 
Lnnesboro_____________ _ ~ ----i~-- --~=~~- ·Plalnfield____- _______;_ 8 .2li -_-:_____• It _,., ._'__Marlon_______________ _ 20 _________• ______.Sallsbury_____________ _124 :1 12
Montgomery_________ _ .Su1IIe1d_______________ _22' 1.5 19 79 132 . 3
Nantncket.________ ; __ _ ,Thompson____________ _ 
Northampton__________ :1 ------;1" ------i7 Weathersfteld__________ 13 8 23 
Raynham____ - ________ _ 29 Windsor______________ _ 

, :Sbelbom9 ____________ _ ~ 1 8 10 '~ ---~-~~ -------~ 
12 1933 ________ 5·Southampton __________ 73 'Total______________ .6,1l1li.1 3 _______ _Southwick ________"' ____ 30 

I SJl8cles.recovQre9 :ror the ,first time.1n the ,town •. 

TABLE 14.-cSummary O'J miscellaneoU8 ,f!ipsy-moth caterpillar .coUectitml! ,to' .shO'W 
abundanceO'f .cO'mpsilura ,con¢n~, 19;15 to' 19:87 

Total PeJ.:Cent- ''l'otBl P.ercelit
Number ,uumber &geor Numbilr I,Iumber-.ga Of 
otlooal- otg!r\Y- ~!t- oflocal o!.glJl6Y- ,~tYear YearItles.(Cp" mot lar.: . by ities r1!P" moth lar-1SDl by 

'(CS8Dted VBe,te- Comps!- resented vae re: ,Compsl
calved ,lura calved lura 

1915___________._____ 13 1022_______________ _ 100 4,606 11 
4 4,·000 il6 ,6,199 ]S

1917 ______________ _ :59 .56, 86Ii 5 1023_____._____._____ _ 
11118________________ 8 :11124________________ 
-l1l1O_______________ _ 50 113,207 63 3,808 1/ 
1\l2O..______________ 865,186 63 4,439 6 

58 .5,601 ;l~~l:it=:::::::::::: 81 .7,092 610:U_ ____________ _ 3 ·1927_______________ _ 
h 138 24,636 68 '.7,705 7 
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The caterpillar collections shown in this table contained from a few 
to several thousandcnterpilla:e; from·each townJ depending upon the 
abundance of the gipsy moth In the area.. . . 

The data given in Table 14, together with 4hose shown .inthe 
previous tables, are conclusive evidence that Compsilura is avery 
important factor in the biological control of the gipsy moth. 

PARASITISM OF OTHER CATERPILLARS 

Oompsilura concin1LuJa is an important parasite of .thebrown-tail
moth caterpillars as well as of the~psy-mothcaterpillars, . satin
moth caterpillars and many nativemsects. The satin moth has 
proved to be a favOIitehost for Comp~ilura in this coun:bry.Re.cords 
were obtained of high parasitism of the. large caterpillars by this * ; 

tachinid the first year that this· insect was found· in New England. 
The parasitism of the satin moth byCompsilura has been ;briefIy 
treated in a recent publication (7) by the authors. The data which 
have been obtained show that this parasite has become the. most 
important insect enemy of the satin moth in New England. In 
many collections of large caterpillars from 501;0 70 per cent. of the· ;~ 
caterpillars have been killed by Compsilura. Records obtained from 
collections of satin-moth caterpillars, made over the entire area 
infested by this insect, show that Comusilura is attacking this <host 
wherever it occurs in New England. 

RECOVERY AND DISPERSION· 

Compsilura was doubtfully recovered in 1907, the year following 
its first liberation. The next year it was not recovered but the ~Ifollowing year and each succeeding year it has been recovered. in 
considerable numbers. 

The dispersion has been hastened by the liberation o.f newcoloriies 
beyond the area in whichit was known to be present. .Records have 
been obtained indicating that it may spread as much as .25 .miles in 
a·single season, and this has been considered in determining the loca
tions for new liberations. .For the most part Compsilurahas been 
recovered by rearing it from gipsy-moth and brown-tail.mo.th cater~ 
pillars collected from over the entire area infested by these insf,lcts. 
In addition to the recovery records obtained in this manner many 
valuable new dispersion records have been made by rearing it from 
native insects. 

As Compsilura is not depend.ent for its exis.tence upon the gipsy 
moth or the brown-tail moth it has spread .far beyond the . dispersion 
of these insects and has been recov.ered from 33 towns outside of the 
area ·infestedby the gipsy moth. Many of the native collections of 
larvae from which these data. have heen obtained were made by 
field men employed on gipsy-moth work by the New York State 
Conservation Commission and the New Jersey Department of Agri
culture, and valuable data have been furnished by the entomological 
department of Syracuse University. Without suchsplendidc()opera
tion by those interested, several of these recoveries would not have 
been made. The territory' over which this parasite .is now .known 
to be present is shown in Figure 3. Its .natural westward spread pf 
approximately 125 miles beyond the gipsy-moth dispersion line is 
remarkable and indicates that this beneficial insect will eventually 
spread over a large part of the United States witho~t fw.~her ~si?ist!!-nC(l 
or cost, 

http:brown-tail.mo.th


1 

, 
GIPSY MOTH ..AN1>BROWN.J1'AI.t, :MoTil INSECT ENEMIES 6.7 

VALUE OF COMPSILURA.. CONCINNATA 

Thispa~8.site is certainly one of the most beneficial introductions 
that h.ave been made. It has already demonstrated the important 
place it occupies among the insect enemies of the gipsy moth and the 
brown..:tail moth. In .additlonto the benefits derived from its parasit
is:n of these insects, it .is causing highparasit)ism of the satin moth, 
a recently introduced pest. The high percenttige of parasitism of this 
host by.compsilura is. of special value because it is the only parasite 
that has attacked tho satin moth in .New England to any appreciable 
extent. Only rarely am collections of large caterpillars of this insect 
obtained which do not show some parasitism by Oompsilura. Some
times the collections show over 70 percent of the caterpillars killed 
by this tachinid. 

The value ofOompsilura in this country is still further increased 
because of its atta:~k on a great variety of native injurious insects. 
It has already been reared at the gipsy-moth laboratory from over 
100 different species,and undoubtedly records of its successful para
sitism of other species will be obtained. 

The records obtained of :the parasitism of ,the gipsy moth by 
Oompsilura over the entire infested territory, and especially along 
the border of this territory, show conclusively ·that this parasite has 
assisted in checking the increase of the lnsec.t· ,and.in curta.i!iz],g its 
westward spread. Such parasitism isparlicularly valuable in small 
isolated gipsy-moth colonies in the sparsely infested regions; 

There are many foreign insects listed as hosts of this tachinid which 
are not present in this country. Should some of them ev.er become 
established here this parasite undoubtedly will at.tackthem as well.as 
the gipsy moth, the brown-tail moth, and the satin moth. 

STURMIA. SCUTELLA.TA Roblneau-Desvoldy 

Sturmia 8cuteTlata (fig. 28), formerly referred to as Blepharipa 
8cutellata R. D. in Ametican literature, was among the first tachinid 
parasites of the gipsy moth to be received from Europe.. .At first 
considerable difficulty was experienced in obtaining sufficient speci
mens for colonization, but later satisfactory liberations were made. 
The adult fly is .much larger than Oompsilura and is a stronger fly, 
although during the spring it is often so sluggish that it may' easily 
be captured with the hands. This species has a single generation 
each year and passes the winter within its puparium in the soil. It 
can exist and reproduce only upon the gipsy moth but has a very 
great reproductive capacity .. It ranks among the best enemies of 
the gipsy moth whi.ch have been successfully established .i,:l this 
country. 

FOREIGN DISTRIB.UTION AND ABUNDANCE 

This tachinid appears to be present in Europe over much of the 
area where the gipsy moth survives. It has been received a.t the 
gipsy-moth laboratory from manY' parts of France, Belgium, The 
Ne~herlands, Gennany, Austria, Hungary, Ozechoslovakia, Russia, 
and Italy. 

During the last few years it was.observed by the 8xPertsof the 
Bureau of Entomology while they were carrying on gipsy-moth in
vestigations in Spain, France, Germany, Ozechoslovakia, "Hungal.'Y, 

.~ 

J 
j
; 
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.Polan(1" YUgOS1avia~ and. :Bulgaria. D:uring, ':the period 'covered :by 
'the~ investiga.tions S.8cutellf.".a 'has not been ()f,~at ;inipprtance;in 
;SplWl,,'7fOdiugal, ,'northern Afn.-ca, :()l .Poland: Heavy :IP-'psy-m~th 
inlestationshavebElcn Jound mthese 'countnes,.but ''thispara81~ 
:was relatively ~arceand in,S()me instances it was (not 4even llllCOV~ 
ered. DurlDg ~thesame period 'thegipsy~mo.thinfestationsin ;France. 
tBelgium, 'The .~etherl8.J[lds, 'Ge~any, .Austx;ia,R~8J.lia, an~ Itfrly· 
;haYEI ,be~,toolightto warrantcarrymg on mvestigationsWlth 'the 
,purpose ()f impor,ting p&rasites into. the United 'States. In )Bun
gary~ .B,~aria, Ozechoslovakia,and, Yu~s1avia :~ la.rge:nlllIiberof ~~ 
'8tWJt1lata haveheenI:eared!,~1rom.conectio.nsof~g~PSY":lIl()th 'ca.terpil. - : 

lIars :andpupee.. The reanngs m,these ,co,un'tries ,have shown :that 
, 

{ 
, 

'tbisparasite is.one()f 'tple important European 'e~emi~sQ! 'thegipw:
motli. :AnalliedspeClcs known ,asOrOJ18OCOsmUJ,8ernca~ 'COm. ;IS 

:0. Parasite ,ofthesilkwonn 
and. of ,the gipsy 'moth in 
Jaean, ,,()ften 'being 'v,ery 
abundant and of 'primary 

1

imp()rtanc,e.! '; 


In.the 'earlier paraSite
intrQduction ,w()rkthe 
Sturmia whichwereintro- " 
.ducedfu. .large numbers 1£or 
colonization came ,mostly 
Jl'()m li'l:ance, 'Ger.many:, 
Austria, Hungary"ltaly,'Qr , 
Russia. Fromsomedf'these ,~
colleotiolls,Sturmiaissue(l,in 
numbers suggestive of ~at 
abJmdance: ,Like ,most of 

,I
,. 

'the' ,parasites, 8. 8cutillata 
I) is found ,in,grea:tahundance 

:in 'someareas,during'cer
tainye~Yet,exan;Unation,s 
,m,~de·in 'Qther;loc:a'tions ' 

FlO. 28.-:Adult Cemaleor SlrcrmilUcultllala, X .3. (Howard often ;ll~t:far aistant ;fail to 
ODd ~lsko) ..;1..·ts' 'S 'h' ~ow 1. . lPre~n,cEl. ·uc ' 

conditions hav~ been no.ted in recent Eurol~an inv.estigatio.ns,ahd:in·
Russia during 1909 and 1910 by Trev.o.r: . caid,and W. F.,Fiske. 

'LIO lIi:STORY,AND HABITS, 

Thist.,aChini.··d. hfLSaSing.l~. generation..each.i.ear, 'P8sSingthewm.· ter 
within its 'pupariumin ·the 'ear,th.Earlyin :the spring, a'week()r two 
before the gipsy~mo.th hatching .is general, 'adults of ''this .fiybegin , 
issaj.ng fl'()m the\isoil. The 'females dElPositthejr 'tiny black eggs on 
th~ foliage (fig .29), ·tobeswallowed by the hos.t caterpillars.. .As:is 
the ·c.asewith mos,t leaf-ovipositing 'tachinids(2.6), 8. 8c.utellata'~has a 
large. reprod'Uctive capacity. Dissections ,of femrueflies of this and 
allied speciess.ho.w that as .many ·as 5;000 eggs may b,e ·deppsitedby ,a 
~gle individual. 'The ,eggsar:e chltinizf.l~, ,indicating an ability .to. 
WIthstand expo.sure. They'arecovereci, !Wl.th a 'finescul'pture which 

//"~w~~a,!>ly,strengt4ens .them, ;maID.ng them lessli8bleto~jw.:r 
i( wlli}~pemg!1W.allowed b.y the c~te So.onafte. r ~he ,egg .IS .m.. rp.i}..,lars.
\\ 'tll:t alimentary canal ·o.f ilie ·cat.erpdlar 'the maggot .Issues, "bores 
''---~ , ' 

\\
\, 

~ ))
L II
~~~;.:>!! > 
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through the wall, and attaches itself hi the host tissue. Theearly 
development of the· parasitic maggot within the caterpillar is J:'ather 
slow, but as the gipsy-moth. caterpillar approaches the period of 
pupati~:m the parasite develoPkilli~cklY, sometime~ i~suing from.,the 
caterpillars, but usually not . g the host until It has..pupated. 
Then the maggot, tears a hole in the p.upa, issues, and enters the eaxth 
for pupation and hibernation. 

IMPORTATION 

The successful establishment of this species was brought about 
after seve.l'al unsuccessful attempts. A number of its puparia were 
obtained .in 1905, the fust year of the parasite-introduction work. 

. 	They were sent·in boxes containing shipments of full-growngips,v:
moth caterpillars and pupae, but the following spring not a single
fly was obtained from these puparia. Duringthenextiewyears many 
shipments of large gipsy-moth caterpillars and pupae were received 
from Europe, but most of them arrived in very poor condition. In 
many cases the Sturmia ma~ots had developed and issued en route 
and were forced to form theIr puparia in the 
.bottoms of the boxes under such unfavorable 
conditions that only a very few of them ever 
produced flies. Many methods weretriEid .in 
an endeavor to carry such material through 
the \"inter but none of thenl proved very 
successful. 

In 1909 arrangements were made to continue 
the Inrge shipments of full-grown. gipsy-moth, 
caterpillars and pupae and to have them tran~·:' 
ported jn cold storage on the steamer. By tria 
method the caterpillars and pupae as '\\le11 as 
the parasites they contamed were so retarded 
in their development thtlt many of the parasitic FIa. 29.-Eggsof Sturmia seu
madlY!!ot did not issue until aft..er the shipments ttl/alll on fragment of leaf,

~ 	 X 10. (Howard and Fiske)
ha been received at the laboratory. Here 

they were placed in containers that allowed the Sturmia maggots 

to enter the soil as they issued from their hos.ts. Under such circum

stances the parasitic maggots developed and many of them .entered. 

the winter in good condition. The following spring the emergence 

of the flies was much better than in any previous year. 


During the last few years rather large numb.ers of S. scutellata 
have been recovered in the rearing work carri~d on by the Bur.ellu 
of Entomology in several European countries. In these investiga
tions the tachinid maggots issuing in the rearing ·trays from. gipsy
moth caterpillars and pupae were placed in large boxes containing 
damp sawdust. Such material has been sent to the United States 
by mail or brought here by the men when returning after the season's 
work~ Although great care has been taken in .handling this material 
before shipment and after arrival at Melrose, there is considerable 
mortality. 

Table 15 lists the number of S. scuteUata puparia which have bean 
received from Europe during the ·Iast five years, .and the coun.tries 
from which they were obtained. 
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l'AlILE 15.-bnportation of foreign Sturmia scutellata 'Puparia, 19113-19117 

Number oC 8. &<utellata received Crom-

Year 

Hungary ~~~~~ Poland Bulgaria ;r~;i':; Spnin Russia Totni 

------1-----------------------'.
1023__________________ 8,718 ______________________________________________ 36~--

8.75411124 _________________ _ 6,055 __________ 608 11,885 1,842 1,1112 _________ _
1925 _________________ _ 7,693 40 __________________._ __________ 3i1 _________ _ 20,582 
11126__•______________ _ S,752 ___________.-_____________________________ .•________________ 8,104 
11127__________.._____ _ 3,734 __________ 48 __________ C37 _________________ _ 8,752 

4,4111
~ 

Totni__________ 33,952 '40 656 11,885 2,410 1.563 36 5O,OLl 

This species is 11 difficult one to handle and transport, being very 
susceptible to injury under adverse conditions. The conlltant pres
ence of a co.nsiderable degree of moist,ure seems to be a prerequisite to 
its successful development and hibernation. Too great a degree of 
moistme, however, creates cpnditions unfavorable to the parasite, 
and heating is apt to occur if the puparia are confined under such con
ditions very 'long. The proper moisture conditions are difficult to 
maintain, especially when the packages containing the pupana are en 
route for any length of time .. 

When puparia of S.sc,uteTlataandPhoroceraa!f1,7!is are.received at the 
Melrose Highlands laboratory from Europe, they are separated and 
placed in cont.ainers for hibernation. The method used is the same 
for the t,,,,,o and is explained in detail for both species under the sub
ject, "Receiving and handling of .the foreign material at the gipsy:.. 
moth laboratory" (p. 20). 

At Melrose Highlands during th~ last three years the bulk collec
tions ;of gipsy-moth pupae have been kept in trays "ith heavy, coarse 
wire-netting bottoms. The wire is coarse enough to allow the maggots 
to pass easily through 'he openings. These trays, .placed one over 
the other, arE) arrange<, ., I racks. (Fig. 30.) As the Sturmia maggots 
.have a natural tendenc)to work downward, they drop from the upper 
trays to the lower ones and finally into. boxes, placed below, which are 
fun of earth composed of leaf mold amI fine root fibers. S. scutellata 
has been relatively scarce since these racks have been in use but the 
results indicate that this method will be a most satisfactory Dne for 
-the hibernation of tachinids which pass the winter as do P. agtlis 
and S. 8cuteTlata. The maggots go into. the soil unmolested and 
there form their pupariaunder nearly natural cDnditions, nev!,)r 
having been touched by the Dperators. Thesu boxes are afterwards 
placed in the sDil where the parasites pass the winter. 

COLONIZATION 

S. 8cuteTlata fo.r colDnization has been Dbtained . by collecting its 
host and rearing the parasite. The original stock was collected in 
Europe as described in preceding paragraphs, but since the species 
became established in this country the mawrial for new colonies 
has been o.btained in New ,England. 

When Sturmia had become sufficiently abundant to furnish matE)rial 
fDr colonization it was found to have dispersed over a considerable 
part of the infestbl. area and no. concerted efforts to obtain it for 
further .liberation in :New England were necessary. The S. 8cutellata 
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which have been obtained and colonized since 1917 were xecovered 
incidentally while making collections of rP.psy~mothcaterpillars and 
pupae for other purposes. The majority of them were obtained from 
large collections ·of gipsy.,moth pupae made for the purpose of gather
ing female moths, from the abdomens of which an extract was obtained 
to be used in experiments in attracting male moths. The :foreign, 

, 
FIG. 30.-Twomcks oC trays with coarso wire-netting bottoms containing gipsy·moth pupae col· 

lected Cor tllo recovery oC S. Bcultl/ala. As the parusile maggots issue from tbe gispy·motb pupoo 
they drop through the wire bottoms 01 ench tray nnd finally into the wooden boxes beneath, 
which contain .lenC mold, earth, and root fiber. Tbo parasites hibernate within their puparialn
theso boxes 

s. scuteUa,ta liberated during the last four years were obtained among 
other tachinid parasites that were being gathered in Europe. 

As early as 1907 a few Sturmia were liberated, but under very 
unsatisfactory conditions. The number of parasites liberated that 
;r.ear is not known, but probably it was less than 100 individuals. 
The colonization records for the suceeeding years .are given in TlI.ble 16. 
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TABLE 16.,-Colonizaticm 0,( StuT7nia 8cutellatafrom 1908 to 1921 

Stnge of parnslto Foreir Year Stnge of pnrnsitn ForeicnEr~~d I E~~:'ndYear 
used stoe Iished used stock ~~!d 

----1------- ~ stock Jl ~ __.~ 
Numba' xumbtr!i Number NumberI1008________ Prohahly ndults __ 100 ..________ 1022______._ ,Pupnrln._________ _________ 9, \l96 

1000_____________ do____________ 1,086 __________1 192:'-____________do____________ _________ 14,620 
1910_____• _______do._____• ___._ 3,962 1,___,,__,.1 _______ ' Adults__._••______ 1,325 609l~L 

10U___•_________do._.____..___ 224 __________ llll2.~_____._}_____dO____________ .2,987 400 
1!l17______._ Pullnrin___________ •__ .-____ 475 11l26_______ J ____ .<Io____________ 912 ______ •__11918__ ..___• __ ._.do________ • ___ '.••••••••• '. 1,588 \ 1!J27_....._•.•••__ d.0--...--.-.-.\ 1501 1,223
1910._._._....__.do___ • __ •__.!_.__ ••___; 8.6.15 t 1--
1921.•••_••••-•••dO----......."I"-...-.-.1 30,000 TO!nL__( ___•••_•••__....._ 11,0!l7 73,546 

Grnnd totnl. &'~ 643. 

The actual number of effective S. 8cuteUata liberated during the 
years frO'm 1907 to 1923 may be greaterO'r less than shO'wn .in the 
table, for in the summer of 1909 several thO'~sand Sturmia maggO'ts 
were allowed to enter the earth naturally ill the fO'rests, and the 
number successfully emerging could not be known. Presumably the 
emergenco O'ccurring .in the spring from material which passed the 
winter undar such natural cO'nditiO'ns would be much greater than 
that which would occur frO'm material which was artificially hiber
nated in cages at the laboratory. The S.8cutellata pupariacolO'nized 
from 1917 thrO'ugh 1923 were held in soil in the laboratory yard until 
spring, when they were placed .in forests where 'tl.le ;emergence took 
place. In such cases it was impossible to' d.etermine what percentage 
of the puparia gave issuance to ad~ts. .T~e numherO'f ac;Lul~s which 
emerged frO'm cheCk IO'ts cared for ill a similar manner va~ed greatly. 
The issuance of adults in a few O'f them wlis nearly 100 per cent, but 
in mO'st cases it was much lower, .and in some practically no adults. 
were O'btained. . 

It .is possible to gather this parasite in EurO'pe and in Now Eng~imd 
in large .numbers, but it is exceedingly difficult to handle such material 
so that a hi~h percentage of adult.s will issue after hibernatiO'n. It 
S(leIDS ossentialthat the maggO'ts uPO'n issuing from their hO'sts .have 
the {!roper moisture and sO'ilcO'nditions in O'rder to' enter hibernation 
in a healthy state and develop to mature insects .in the- spring. 

FrO'm 1908. to 1911, 5,372 adults O'fforeignO'rigin were liberat:ed .. 
FrO'm 1917 to' 1923 inclusive, 71,314 Sturmia puparia were obtained 
in New England and. cO'lonized. During the period from 1924 to 
1927, 5,725 adults of foreign O'rigin and 2,232 adults O'f established 
stock were liberated, making a grand total colonization of 84;643 
Sturmia 8cutellata. 

COLLECTIONS OF HOSTS TO DETERMINE PERCENTAGE OF PARASITISM CAUSED 
JlY STUBMlA SCUTELLATA 

CO'llections ·O'f gipsy-mO'th pupae are made each year. to' determine 
the extent of mortality due to Sturmia. In addition to the data 
obtained from such collections many new distribution records fO'r 
this parasite are made from collections O'f fourth, fifth, and sixth 
instar caterpillars. The maximum percentage O'f parasitism is nO't 
I;!hoWll in, the caterpillar cO'llections ~~nless the caterpillars have 
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stopped feeding at the time of the collection, for,as previously stated, 
the eggs of this tachinid are laid on the foliage and are consumed by 
the feeding caterpillars, 

The area from which the gipsy-moth caterpillars were collected 
and the percentage of parasitism credited to:8turmiaare shown in 
'.L'ables 11 and 13, together with the parasitism caused byCompsilura,.i 
In these tables are listed the gipsy...;mothcaterpillar collections made 
in 1923, These caterpillars were put in trays for feeding until the 
parasites issued 01' the caterpillars pupated. In mos.tcases S. 8CU
teUata maggots are obtained from the pupae, but occasionally they 
issue from the caterpillars. When the caterpillars pupated the pupae 
were removed to other containers and held until the parasites issued. 

A large number of similar collections are made each year in the 
area represented by the towns listed In Tables 11 and 13, many of 
which are in the area only sparsely infested by the gipsy moth. In 
some cases the infestations were so light that only a few caterpillars 
could be found; yet, even under such conditions several very ,appreci
able percentages of parasitism were recorded which showed theabund
ance and effectiveness of this parasite in the outer gipsy-mot.h-infested 
territory. The average percentage of parasitism by Sturmiainthese 
collections was considerably lessthanbyCompsilura, but these were 
larval, collections which do not give the maximum parasitism by 
Sturmia. Several instances are recorded in the tables where the 
parasitism byStunnia ;,vas greater than that causedbyCompsilura 
and in some cases it was present where Compsilura was not. A sum
mary of the annual gipsy-moth-caterpillar collections made from 25 
selected towns is given in Table 12, but the summary of the annual 
gipsy-moth pupal collections (Table 18) is a better indication of the 
benefits derived from this, tachinid. 

In Table 17 are given the results obtained in 1923 from collections 
of gipsy-moth pupae made from 47 towns, many of which are in the 
lightly infested territory. 

The parasitism of the female .gipsy-moth pupae is in most cases 
considerably greater than of the male pupae. In the average for the 
entire collection it is more than twice as great. Although there is 
often a small amount of superparasitism by S. 8cutellata, this has not 
been considered in these figures as it is not enough ,to change the 
status to any appreciable degree. Each collection was supposed to. 
contain 100 male and 100 female pupae. The fact that most of the 
collections listed in this table contained less than 100 pupae indicates 
the scarcity of the gipsy moth in the areas involved. The remarkably 
high parasitism in many widely separated localities shows the abun
dance of Sturmia over practically the entire area. Many of the collec
tions were made .in areas near the outer border of the gipsy-moth 
infestation and in some cases from isolated colonies beyond the dis
persion line of the gipsy moth. A collection of old gipsy-moth pupae 
made from a newly discovered isolated infestation at Alburgh, Vt., 
bore evidence to the fact that this parasite does locate isolated col
onies far removed from the generally infested area, and is uble t!J 
effect a material amount of parasitism in such locations. 

Gipsy-moth pupal collections are made each year from towns rep
resenting the infested area as shown in Table 17. A summary of the 
data obtained from such collec~ions from 1918 to 1927 is given in 
Table 18. . 

'. 
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TAlILE 17.-Collectioos of,gipsy-moth pupae for recovery of Sturmia scutellata, 1929 

l'er cent of Percent oCjNumber or pupae Number or pupaepupae par· ,pupae per"collected' collectedasitlwd. asitiwd 

Towns Towns 


!O 

Fe· Fe· ,Fe- ,Fe-Male male Total" Male Male male Total Malemale male -
Massachusetts: New !laIrips~lrc-

Ashfield ' ••_•••• 14 12 26 0 50 'Continued. 
Charlemont ' •••• 12 12 2! 0 17 :Lyme ' ••___•••_ 11 0 11 36 ..u 
Conway'••••••• 46 43 89 26 81 Newfields•••_••• 22! 83 307 42 ,~ /
ColraJn ' .•••__._ 8 l7 25 0 53 OXford_•••_•••__ 2 9 11 0 0 i.,.
Deerfield '._••_. 13 21 34 8 24 l'iermonL_••__• 39 20 59 0 20 
Goshen 1_••••__ • 13 35 48 0 17 Plalntleld._.__•• 3 8 ]1 0 0
Greenfield 1.__•• 69 89 158 ]7 81 Walpole_•••••••• 2! 28 52 4 .25RaYJlham-..____ M 26 80 6 12 Vermont:'

Essex 1__• __ ._•• _ 

Russell._•••__._ 0 8 8 0 0 Grafton••_•••••_ 1 6 'I '0 17 

Rowe '•••___••_ 5 17 22 20 65 .l!lO 100 200 .24 40 

Sheffield•• __• ___ llarttord 1___••_3 2 5 0 0 6 1 7 17 0Sbclburne'_____ .25 24 49 8 50 Norwich_.___._. 5 4 9 0 0
Shrewsbury____ .Rockingham.___TT 15 42 .4 12 G 17 0 0
Whately'•••__._ 43 22 65 12 Salisbury'.____ • 8 .21 29 0 6 
Williamstown_._ J 9 10 0 S¥iingfield '_ •• -- 15 18 33 7 7Z 

New BampshJre: 1 1 2 0 0
~I T ettord______.. 


Datb..___..__.._ 6 0 6 0 0 Topsham ' ..____ 50 41 91 
 66 100
! Bennington ' •• __ 0 92 92 0 26 Wallingford_____ (); 2 2 0 0 

Charlestown•••• 1 3 4 0 33 19' 00 115 11 50
Clarem,!nt ,_••__ 38 53 91 5 38 C~~t!TI~~:te~,.--
ConwaY _._ ••••_ 0 6 6 0 0 8 7 15 0 0Suffield. ______._ 

Cornlsh ' ..______ 
 Windsor________1.4 20 0 15 1 4 5 0 '0Greenfleld______ Dloomfleld______0. 138 0 69 1 6 7 0 0Bampton______ It: I38 125 163 26 iU 

llanover ,___.... 10 16 26 0 13 Total or averago _________ Baverbill _______ 49 49 12 2ll 1,053 l,3M 2,407 '.20 '49.Lebanon___•____ 34 40 I. 3 0~I 
1 Thls parasite was recovered ror the' first time in the town. 
sAt Alburgn, Vt., severe! old gipsy-moth pupae Wtlr6 round,30 per cent at which WJr6 estimated to ha~'e 

been killod by S.•cutel/ata.
, These are weighted averages obtained by dividIng the total number or parasites that emerged rrom.mal~ 

and temale pupae by tbe gross number or male and female pupae. 

TABLE IS.-Summary of gipsy-moth pupalcolZectionsmade annually to obta.i.n 

.records of distrib-Itti.onsof Stur'mia Bcutellata, 1918-1927 


Average percentage 
Number Number of pupae coUected orpl!pae parasitized 
or towns Year repro- I------~----~------I------~----
sented Male Female Total Male Female 

------------1------------·I--~I---
1918______._•••___• __________•_____••_____• 51 3,22! 3,335 6,559 2 :;
1910____..________•••• ____•_______•••______ 35 2,212 2,958 5,170 1 419211.••________•••___.......__•____ •••___  50 2,805 4,194 '6, 999 5 201921 __._••_._.__•• __• _____ ._••_.______• __._ 78 1,627 2, 616 ,4,243 2 91922. __ • _ • ____•_________•____•__•___ • __ '_' 65 852 1,286 2, 138 5 171923__________._._________• _____ •___•• ___ .  ·18 1,053 l,3M 2,407 20 49
1924••___•__ ••••__••_. _._ •••• __ ._.....__._. 40 997 1,099 2,096 4 181925._._._.._____ • _______.,_____••_.______ • 34 761 1,323 2,1J.I4 1 21!l2(y••__ ...._____ ••______________ ._••___._. 43 1,033 1.579 2, 612 1 3 

43 1,638 1,808 11,446 4 13
1927______ ••• ________•____________________ • 

The number of pupae in e.achcollection varies considerably each 

year. Some collections contain over 100 males and 100 females, 

but many of them contain only a few. The average percentages of 

parasitism as shown in the table for each year are indicative of the 

value of this tachinid. 


Many pupal collections show a much higher,and often a very 
.much higher, mortalitrfrom Sturmia than the average percentages 
given in Table 18. The reverse pf the case is also true, and. this 
lowers the iiverage percentage of .1!.iraSitism, so that this percentage 
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;duritllgacertain year maybe ,20 or .30, whEll"eas thEll"e will be locations 
wher~gipsy...moth '{!1>loniesare p~ac?cally~exte~ated ·by :tbe 
;paraslte.. S.uch data ;arenotev.en mdicatedm sud;~ ,8. .sUII11p.ary.as 
18 shown ill 'Table' 18. 

In :addition·totheannualpupal:collections made :from ~the .area 
rrepresented 'by the towns shown in1'able 17, yearly collections of 
pup~~have .also been madesin6e 1917 from the 25 towns .:from which 
:annualc.ollections.ofgipsy-moth caterpillars are made to determine 
,the ,extent ·of pa.rftsitism :byCompsilura. These towns :arescattered 
·over :the .east.emthird .ofthe .area now wested ,by the gipsy moth, 

The results ,obtained ;from Jibe pupal ..collections lor 1923 :are ,given 
in Table 19, (and.a summary of such collections made eforthe period 
from 1917 to 1927 :appears ,in Table '20. 

TABLE 19.~Collections of g:ipsY-11Wthpupae .71Wdeat 25.tOt01l8 .10 ddmnin~ 
the parasitism due to $tuimia scutel~a in 1923 

Number of pupae 'l'~iage of par.
collected asltism 

LocalIty 

Male Female Male :F~ 

------------------1.----------

~:!~~~:=::::::=:::::::::::==:=::::::::::::=:::::::Wakefield, Mass _____________________________ ._______________ _ 

100 
100 

26 
100 

100 
100 
?OOcIOO 

.28 
14 
6 

:r1 

'71 
,2) 
.74 
'57 

65 100 211 fl8 

~~~J~~=~~~=:~:~~~~~~~
W oymouth, Mnss____________________________________________ _ 

100 
91 

100 
100 

33 
14 

]00
100 
100 
100 

57 
Z; 

18 
1 

16 
;10 

0 
1 

.45 
8 

45' 
2) 
,]8 

7 

x~:~1~::::::::::::=:::::::==:=::::~:::::::::::==::::::::HopKinton, N. n ____________________________________.________ _ 
55 
75 
46 
20 

86 
100. 
0)00 
63 

17 
6 
6. 
:2', 

56 
·,42 
:r1 
.33 

.~~~?~,.~~:::::::::::::::=::::::::::::::::::::::::::::::::::: 
l~!t~~~~MnaSS::::::::::::::::::::::::::::::::::==:::::: 

16 
45 

100 
36 

33 
'100 
100 
100 

2 
,6 

.33 
·0 I 

.3 
40 
'60 
.:18 

~~~~~~d,~O::~:::==::::=::::::::::::::::::::::::::::::::::::: 100 
75 

.100 

78 
100 
100 

4 
11 
Z; 

20 
47 

'" ~~~~~~:::=::::::::=:=::=:::::===::=:::=::::::::=:Worcester, :Moss ______________~----------- _____________________ 
60 
82 
40 

100 
,64 
78 

3 
8 
1 

22 
30 
9 

= 
Tilt;Uor Ilvemge_____________________________________ 1,679 2,186 16 .U 

TABLE 20.~S'Ummary of annualcolZectionsofg:ipsy-mothpupae made at £5 towns 
,to' determine the parasitism due to Stur.mia scutell~a, 1917 ,to 1927 

!NumIM of pupae collected Average percentago
"ofparasitism 

Year 

1-9-17-_- -.- -_- - -_- -__ - -_- -__ - -__ - __- -__ - -_- -__ - -_- -__ -I--M-J~-:-8 -F-,emal,-04-: _T3,_ow_~_ -.Male--r..·. 
1918.__________________________________________._____ 

__ ____ __ __ ____ ____ __ __ __ __ __ 
2 • .100 22, 012 4,112 1 5 

1919_________________________________________________
1920_________________________________._____________-__ 

2,000
2, 605 

2, 369 
.2,407 

4,459
'5,012 

2' 
3 

.5 
14 

1921_________________________________________________1922________________________________________________
cIlI23________________________________________________ 

2, 06S2,303
1.679 

2.5442,431 
2, 186 

4,6124,'734 
3,865 

·4.8 
16 

12'l:l 
41 

19:M_________________________________________________
.1925 ______________.-----______________.___________ .__ 
11l2t1 _____________ .~_________________________________ 
1927_____________________________________________.___ 

I, (H3
898 

2, (HO
1,995 

1,074
1,296
2,130
2, 072 

2.117.2, 194 
4,170
4, ®7 

7.1 
1 
,7 

22
5 
6 

19 

! 
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The data in these tables are evidence of the grea,t value of Sturmia. 
As has been shown for OompsilUTaco;nci1J,nata) the highestaveraga 
parasitism by Bturmia scu{ellata occurred in 1923. There wasil. 
decrease in 1924, .0. still further drop in 1925, and 0. marked increase 
in the percentage of parasitism for 1927. ' 

RECOVERY AND DISPERSION 

In 1911, fow years after the:first Sturmia were liberated, they were 
recovered in a manner which proved that the species had passed 
through a complete generation.in the field. The species was recovered 
in 1910, but under conditions indicating that the l'ecoveries were 
from colonies which had been liberated earliel' during the same 
season. The recoveries of 1911 were made :from several places, 
showing not only that the species was established but that it was 
spreading satisfactori!y. It was l'ecoveredonly sparingly,however, 
until 1916, when.a collection of pupae from Beverly, .Mass., showed 
15 per cent of parasitism. From this time up to and including the 
summer of 1923 this parasite increased very rapidly. 

Bturmia scutellata has dispersed rapidly, and it has not needed 
the assistance of .artificial colonization as have some of the other para
sites. Many interesting dispersall'ecords of this parasite have been 
obtained. At Alburgh, Vt., some i)O miles from thenearest.known 
gipsy-moth infestation, were found the remains of several gipsy
moth pupae, about 30 per cent of which .had been destroyed br 
S~dur!llia. '.!'his· l'edcoveryd seems esPhecially remarkable~s thistachi
m 16 practlcally epen ent upon t e gipsy moth for Its existence. 

S. scutellata was found in the gipsy-moth infestation in Somerville) 
N. J., in 1920. The manner in which it became esta,blished there 
will never be lmowTI, but j t is probable that it was brought from 
Europe in the soH ~round the roots of imported spruce trees. It is 
extremely doubtful whether this tachinid can continue to exist in 
New Jersey, because of the intensive control work which has been 
conducted against its host. . 

The present known dispersion oi;5r.urmia in New England is ShvWl1 
in Figure 3. 

YALUE OF STU1WIA SCUTELLATA 

StuTmia 8cutellata has proved itself to be among the most valuable 
introduced enemies of the gipsy moth. The benefits that have been 
derived from this tachinid are sho'wn in part in the tables which have 
been presented. The avernge percentage of parasitism of iemale 
gipsy-moth pupae for the entire infested 8.\l'ea in 1923 was 49. In 
many places the parasitism was much higher than the average and 
in one case it reached 100 per cent. This shows clearly that this para
site is of great importance in the lightly-infestedare!!s along the bordei' 
as well as in heavy infestatioDs in the older .areas. 

S. 8cutellata is dependent upon the gipsy moth· alone fora host. 
It has a great reproductive capacity, disperses rapidly, and is present 
over practically the entire area infested by its host. 
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ENEMIES OF ,CATERPILLARS AND PUPAE 

MONODONT.0MECUS AEKEUS Walker 

,oneol the :first parasites to be liberated in 1906 was ,the Mono
ilomomemMl aereus of Walker. . Reco.rds have :beenobt8.ined sugges~ 
tha.t .attimes :this species attacks ,the gipsy moth .and ,the :brown-tail 
moth, :but it Isceltain that this insect has .not acted asa primary 
.parasite ·of .eithtj!' .toanyappreciable .extent. 

,FOREIGN DISTRIBUTION AND ABUNDANCE 

Monodontomerus (fig.3!) has 'a IWidedistribution in Europe ,and 
Japsn" ,and hRS heen reared .at the gipsy-moth laboratory :fromprac-' 
tically all countries from whichbrown-taii,..moth webs .have ·been 
received. It has ;been recovered ,abundantly from Fr.ance, Germany, 

FIG. 31.-Monodonlomtrll8 atrtll8, adult female, X 13. (Howard and Fiske) 

Austria, Hungary,Ozechoslovakia, ,and, in less numbers, from naly, 
from Japan, .and from Simferopol.and Kiev, Russia. 

L1FE HISTORY AND HABITS 

The female adults .hibernate. No males have ev:er been found 
during the winter .orearly spring. In the early fall the fertilized 
females seem to seek out brown-ta.il-moth webs for hibernating 
quart~rs. In laboratory experiments they havehibe~ate~success
fully m bunches of curled leaves, and one was found m .a bud's nest 
collected in the £eld. The experiments indicate ,that parasites of 
the brown-tail moth are more likely .to ;be parasitized by Mono
.donotomerus than are the same parasites when reared from .other 
hosts. 

Usually there .aretwo generations annually, but females of ,thl6:first 
generation !hav:e been successfully .c.arriedtbrough the winter (21). 
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The females are sturdy insectsa,nd often have been kept alive at the 
labO.rato'ry fO.r9 and 10 weeks. In the spring,after the females 
leave thell' hibernating .quarters, several weeks are required fO.r ,the 
develO.pment O.f their eggs. When this periO.d is passed,an!i a suit
.able hO.st has' been located, thedevelO.pment frO.m ,the egg io the 
adult requires O.nly three weeks. 

The female O.viPO.sits in the CO.CO.ons ofbracO.nids and sO.me O.ther 
Hymen.O.ptera but prefers tachinid puparia. The eggs are laidO.n 
the larvae O.r nymphs within the cO.cO.O.ns O.r pupariaand here the 
parasite larvae feed externally 'On their hO.sts. When several MO.no
dO.ntO.merus develO.P UPO.n a single hO.st the adults are smaller than 
when fewer develO.P O.n .the same hO.st. . 

FO.rtuna tely A:panteles lacteicolor and A. meZanosceZusare nO.t para
sitized to' a senO.usextentbyl\.1onO.dontO.merus, hut Dompsilura. 
concinnata suffers to' a cO.nsiderable degree, and Sturmia n.idicola to' 
sO.me extent but nO.t sO.seriO.usly. 

FrO.m the EurO.pean shipments O.f cO.cO.O.ns O.fthe brO.wn""tail mO.th 
many MO.nO.dO.ntO.merus were O.btained. In many cases they undO.ubt
edly issued frO.m tachinid puparia within thesecO.cO.ons, bu.t in O.ther 
cases careful examinatiO.ns seemed to' prO.vethat they were .alsO.acting 
as primary parasites. In the labO.rato'ry eJ..-periments MO.nO.dO.nto'
merus has been dO.ubtfully reared as a par.asite O.f the brO.wn-tail
mO.th pupae, but in many experimeitts where apparent oviPQsition has 
taken place no. reproduction has O.ccurred. .. 

In large shipmentsO.f gipsy-mO.th pupae frO.m Italy in 1908 many 
MO.nodontO.merus were O.btained. It A large number O.fthe pupre 
which were examined was fO.und :filled. with the larvae O.r pupre of 
the parasite, and even when the larvae were still immature and 
feeding there was absQlutely no. trace O.f any other parasite present in 
the majQrity Qf,instances/' (14, p. 24.6). If no. mistake inidentit~ was 
made in these observatiQns it is evident that under certain CQnditiQns 
MQnQdQntO.merus does act as a primary parasite Qf the gipsy mQth, 
but the limited experiments which have been carried Qn during the 
last few years indicate that this species is almQst exclusively a hyper
parasite. 

During the earlier phase O.f the parasite-intrQductiQn wQrk the 
primary Qbject was to' establish as many species as PQssible. At that 
time there seemed to' be sufficient evidence that this species and 
EUf,teromaZus nidulans were mQre beneficial than harmful, and accQrd
ing y bQth species were liberated and became established. During 
the last few years further biQIQgical studies have been cQntemplated 
in Qrder to determine several PQints which are still in dQubt,but 
during this periQd these insects have been so. scarce thatQnly a small 
quantity of material CQuid be Qbtained to' make these investigatiQns. 

INTRODUCTION AND COLONIZATION 

AbQut 17,000 adult MQnQdQntQmerus were Qbtained frQm brQwn
tail-moth webs sent frQm EurQpe in 1906. SQme Qf these were 
liberated in the spring Qf 1907. Later in the seaSQn it was decided that ,. 
this species was' Qf dQubtful value and they were destrQyed with the " 
O.ther recQgnized hyperparasites. In 1908, when many MQnQdon
tQmerus .arrived frQm Italy ina large shipment Qfgipsy-mQth pupae, 
they were liberated, since the evidence seemed cQnclusive/that the 
species WQuld act as a primary parasite Qf the gipsy-mQth pupae. 
They continued to be liberated thrQugh 1910. 
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APPARATUS USED TO RECOVER MO.NODONTOlllEBUS 

'T~e data regarding .MQn<Xlontomerusgiven in Table 33 under ,the 
.discussion .of Eupt,&omalusare indicative of its increase .and .abun
dance,as .Sh?Wll ;byr.ecord.soi .the females which issued from collections 
.of ;brown~.tail-moth .webs.. 

Asepafating ,ca~e used. in connection with collections .of ,brown
tail~moth pupae ul1Dirnizedthe necessary !handling .ofthe webs and . cocoons which isalwsys accoropaniedby a rash on the slcin ,and 
'i,t-ritatiC:)ll .of:theeyes anddelic.ate melD.br.anes of ,the nose .and .thro",t 
.ofthe operator~ 
. 'The ,description ,and illustration,of ;this,cage (fig. 32) .ru;:e taken. from. 
~ulle~ :91 of the Bureau ,of Entomology (li, p. 150-151). 'The case 
18 descnbed as follows: . 

In ,carrying on this work several styles ·of rearing ,cages were used, .of whic1i 
.one was devised for ;the special J>urp6se of securing ,the tachinid parasites :with 
,the minimum of .expos'ure . - . 
to theefIects of theifrita
tinghairsof,the brown-tail 
,caterpillar. This worked 
very satisfactorily,and 
since it may ,possibly be 
found .of .service in ,con
ducting similar work 
elsewhere"the following 
description lspresented: 

The basis of this ~.1age 
consisted. of a box of stiff 
pasteboard 8 inches 
,square and 12 inches high. 
About 4 inches from the 
,.top ,a stiff Eaper funnel 
(a) was fitted and ,held in 
position by the cleats (b), 
which, in turn, were fas
tened to t.he .sides of ;th.J'l 
box bybrosdheade.d:,ui!. 
holsterer~s tacks .~iiyen 
in J if" 0 m it h e. .olI.£side.. 
Theile cleats served,tc; 
support thetray(c) , which 
just fitted into the ,cage. 
The bottom of this .tray 
was covered, ·in some in
stances with coarse mos )i'lG. 32.-,Separator .cageuscdtOl" .recovering hymenopterous ,an'llquito netting, .and in <lipterous Jl!ll8Sites from brown·teU .motbpupae and webs. a, :Paper
others with a wire .screen .funnel; b, .c1eats holding .paper tunnel in position; c"tray; .d, wooden 

strip on .outside .ot eage; t, P8¢ ,.~.oneconnecting .paper !unneI andof M-inch ,mesh. Two
~i={ h, h, paper funnels supportingglasst ubes,./I, (I. (Howardholes in the side .of ,the 

tray corresponded with 
two I-inch holes in the side of the box, .and ·thesein t~~1th similar holes in a 
wooded strip (d), which was Jastenedon the outside. \When the tray was in 
position, .paper .cones .(h) and Jargeglass tubes (g) were lnaertedin .these holes. 

The stiff .paper funnel (a) had its .apex iDl:lerted into .aJl~ther hole bored .diagon
ally ina similar wooden strip which was fitted in .the ,bottom ,of the cage. Inside 
.of :this 'hole a stiff paper cone (formed .like h by rolling up a"ilectionofa strip of 
paper cut to a .circular shape) was held in posi:tionby a tack which ,passed through 
it into the wooden strip. .The end of this .cone, passing through ,the 'bottom ,of the 
,cage, permitted a third glass .tube (f) similar to the two above mentioned, to be,held 
in position. No iurNler support, ,tp this tube was neededtllan tha.t afforded by
t;he cone itself. ... ' 
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In using this cage.a mass of cocoons of the.brown-tail moth was placed in the 

tray, and the cover was put on with the several tubes in position. Tachinid 

maggots isl:lliing from the prepupal caterpillars, orpup~ cont.ained in the coco.on 

mass, in.attempting to seek. the earth would passthrough..thebottom of the tray 

and be conducted by the stiff paper iunnelintothe lower tube, where they were 

quickly.noticed and easilyrern,oved. All Qtherparasites, as well as the brown

tail.mQths themselves, when they emerged,. were attracted hythe light into the 

two upper tubes, and could be similadyremoved with little difficulty. 


;RECOVERY AND DISPERSION 

During the winter of 1908419,Monodontomeruswas recovered 
from brown-tail-moth webs in sufficient numbers to indicate that the 
species was increasing anet dispersing rapidly. These records showed 
a di&persal of approximately 10 miles a year for the three years after 
the species had been colonized. In the summerof1909 it was.recov
'ared from collectio4s of gipsy-mo,th andbrown-tail,.,moth pupae .under 
,conditiwtS which j.n..dicated that it was acting asa primary parasite. 
The brown-tall-moth web collections of 1909 and 1910 showed 'a 
refp.~kable dispemion, but the summer observations of 1,9IO..Qjd.nQt 
show' it, to be increasing as a gipsy-moth pupal parasite:' :The . web 
collections for the w4tter ·of 1910 and 1911 continued to show a great 
dispersion, but they did not show the expected jncres,se. The dis
persiDn, however, was very remarkable, for in this short time Mono
dontomerus had. spread over practically the entire area infested by . 
the bro;wn-t8il~mQth. The greatest spread was about 150 miles 
toward the northeast from the nearest place where the specieshad been 
colonized. '." 

YALUE OF MONODONTOMERUS 

Little can be said in favor of the establishment of this species. 
Its aptions in America have beeD. more harmful than beneficial, as it 
is a rather serious hyperparasite of Compsilura and, t.oa lesser extent, 
of S.rviiticola.Fortunately it has not interfered to a:ny great extent 
with the increase of Apa1l:teles lacteicolor, Meteo'r1l8 versicowr,and A. 
melanoscelus, althoughoccasionaJly it is reared from these species. 

Since its hea vyincrease as shown by the collection in 1910-11, it has 
decreased in numbers in the field and is now seldom found unless an 
extraordinary effort is made to find it.' . 

CALOSOMA SYCOPHANTA Lfnnaeus 

The brilliantly colored carabid beetle Oalo8omasyc~phanta.L.. (p1.5) is 
the principal predacious enemy of the gipsy moth that has been intro
duced into this country. It is now w:ellestablished ove:r-practically 
the entire infested area and has been recov..ered fronl' some Ipcatioris 
beyond the gipsy-moth dispersion line. The adults are"conspiclloUS 
during June and the early part of.July, when they are 'often, seen on 
the trees feedhlg on the gipsy-moth caterpillars. The beetle larvae 
also are t'.undant from the:last of June to the middle of JUly,.!lJld may 
be found on the tree trnnks .and. larger bra.nches of rough-barked 
trees feeding on large gipsy-moth caterpillars and pupae.Oal080ma 
sycophanta is considered among .:the mos.t beneficial of the iritroduced 
enemi!ls of the gipsy moth. 
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CALOSOMA SYCOPHANTA 

..Adult l'lItill~ gill!-lY uwth {'.Itel'pilhtl" IOWC!I' It·ft, X 1°.; )1I11Hl, luwrr righf, X lA; ('!g'W"', t1PI1Cr left, X j,; 
cnh\1I {thrysalid(')i or Iho gl\•.•,: 111111 iii IIpl'('r "lght; rut! ~4t't)\\'1l Inl'Y1tI' "1'0111 abm:l' :tilt! !'I'UIIl IJdu\", X J 1:~I' 
(llllWlll'U alill Fl~klll 



,FOREIGN 1:)lIp.IJUBUTION AND ,ABuNDANCE 

'This bee£1ehas 0. wide distribution ahd has beencQllectedjA .Fl'ance, 

Germany, Switzerland, Italy, and Russia. .During the last. few yeanl 

expe~pf the'Bl,1.reaU ofEn:tom<?logy while searchingf~r~sec1ienemieS 

of the g!psy motiiand bro~-tailmoth have observed It ,m"the follow

ing c()untries: Spaip, Portugal, Poland,. Rumania;'Bu1garia, Hungary, 

.oz,.e~ho~Qv8kia, andG;ermany. In .Europe it ,~, kn..o,.wntolPrey ex~ 

,tenSlve!y (5) on the gipsy .moth and ontha. pme sawfly, Lopkyrus 

piniI,;J.· In 1911 .m,· It.,al.y' .(6) th.e, efficient.controlofthe, :gipsy m,oth 

by Oalo8&ma sycop1!Lntama large forest was obsel%ed by W. F. 

Fisk~. 'The. junior author observed it in 1922 in largeD.Umbersin 


. ,the .easterinpart of Germany, where it was feeding on the nun,moth, 
Lymantria.monacha L., which was very abundant at the time.. In 
1923 R.. T. Webber located a gipsy-moth infestation in 'Rumania, 
where C~losoma was extraordinarily abundant. The following YElar 
practipally no gipsy-moth ,infestation was found at this place and M1:. 
Webber felt confident that ,Calosom.a had 'beenthechief causeo! ,the 
decrease. In 1925..S. M; DohaniJin obaerVed it very ,abundan:t in 
Portugal, and P. B. Dowden founa C8~Qsoma larvae very plentiful 
in a ,gipsy-moth iIrl~tationat Belki;Cze.cho.slovakia. . 

'1 'f " .::,.. ,.::;~-~,;LI8 HIST~RY AND .HARITS 

The ~dUlts oi?d(JiJ8~a~cOPka~~often'Jiye four or .more years. 
Theyare'largemetallic green lb~e:tles measuring about l~.inches in 

length. The winterispa.ssed as,adultbeetles.inthe ground. D-aring 

the(fu&t week of June, 1he date'·varying",witha.ur.erent seasona, most 

of the adult 'beetles emerge. ." 
 C "_ 

The beetleS clipIb rough~barkedtrees 'lnsea.rch of their -{om]:, 'often 

gQingto the smaller twigs, and occasionally :they are ',.seeIi""o;n the 

leaves. They·grasp their· prey with .theirshf!XP .man!.libl~;~;bl,~~aking

the integument and feeding upon theboqy contentl:!. :';,;:b . " . . ' 


They feed for about seven weeks during the perioa cw;h'enthe gipsy-. 

mothcaterpiUars:are feedll!-g and pupating and ;begintogo into:hiber
nation soon . after .gip~y-motheggJaying"is started. " 


Feeding experiments o;tthe 'gipsy-moth laboratory showed an 

,aYel'ageof 272 lar.gegipsy~moth an.dtentcaterpillars cQnsmnedin .a 

season by a pair or&dult bel:\t1es, (4). The o~der,beet1es .consumed 

.more than the younger, ones.Whensman,er·cat~rpill9l'Sserye,asthe 

-ioodfor the teetlesa m,uch larger number. are es,ten, and an aYeI:age of 

2,OQOsmallbrQwn:"tail~motlI caterpillars were eaten byap!Ur.of 

.beetles in the leeding, 'eXperiments. A Dairaf tliesebeetlesan(~(their 

PFQgeny wilLd'estro¥mor~ than '61.000:, gipsy-moth Q.aterpillars ,and. 

pupae in a sfugle year. ... , ' " . " 


The beetles feed for a few daysafter..emerging,irom hibernation, 
then copulation takes' place and egg ]a~g is begun. The eggs :are 
deposited in the ground"the older beetles laying a considerably 
larger number of eggs than the younger ones. Although, one instance 
is on re(lord of a female which:'1aid653 eggs in a season, itis.·probable· i 

thatund.er field conditions I considering ,all femaTesboth young aild£ 
. old, an average of about 100 eggs per female are laid. 


The averagetinie $pentin 'the egg stage is from 'four tp seven dsys, 

the longer period being in May and, the shorter one in· August.· These 
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data were obtained from laboratory experiments, but under natural 
conditions oviposition as early as Mayor as late as August seldom 
occurs.Soonaf.t~r emergence th~ small beetle lal"Vaebegin :to fE)oo 
on lepidopterous caterpillars which, maybe on the ground or to climb 
.rough-barked treE*! in search of their food. Th.e small beetle larvae 
attack not only small caterpillars but large ones and pupae ,as well, 
especially those pupae not inclosed in.a cocoon. In, -the case of. the 
gipsy moth the number ofyupa,e destroyedisprohably ~s great as 
that of the caterpillfU'S. The beetle larvae o.ttack the caterpillars 

.and'pupae viciQ~y, and i'eed on the body ::fluids and contents?fth6ir 
host. In many mstances only ,a small amount of the caterpIUar or 
pupa is consumed and 'many of ·those which fSrenot devoured are 
injured and we as the result of attacks by this be.etle or ,its lo.rvae. 
In feeding e:\.'periments an average of 41 sixth-:instar gip§y ...,moth cat-

FIG. 33.-11ox showing method of packing Calosomn .beetles for exportntion', Each mntch.box con... 
• tnins n single beetle lind a .small Quantity of sphugtlllr.u moss. (Burgess) 

erpiflars and an average of. 13· giJ1sy-moth pupae were consumed 
durmgthe development of each C81.QsOma larva. 

During the growth of tile Calosoma. larvae two m()ltsoccur~ The 
molted skins are often found 4t the crevices of the bark and among 
the remains of gipsy-moth catffl.'pillars and pupae. When the beetle 
larvae become full grown, about the time the female gipsy moths are 
laying their eggs, they enter the soil,.constrn6t a pupal cell, and 
pupate. A little less Jthan two weeks is usually required for this 
stage but the adult beetle remains in the pupal chamber during the 
winter. 

IMPORTATION OF THE BEETLES 

The first living beetles of OoloBoma sycophanta were received at the 
gipsy-moth laboratory from Europe in).905. .Each succeeding year, 
up to and including 1910, specimensw'ere collected .I,md, sent to the 
United States. Several methods of shipping were tried. Ordinary 
small safety-match boxes were found to serve this purpose best. 
(Fig. 33.) A be.etle was inclosed in. each box-with wet sphagnum moss 
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and often a: caterpillar was included for food, althoug!l when the .moss 
was sufficientJy moistened no food was necessary. The match boxes 
were placed in srrmll wooden boxes and sent by :mail or express. 
The slripm~ntsfrom Europe were en route from 12 to 14 days . 

.{( COLONIZATION 

The first liberations ~'D<this beetle were made.in 1906. Each suc
cessive year, up to and .including 1922" beetles .h.ave been liberated. 
No colonies have been liberated since 1922, except a few in 1926 
and 1927. 

Both adults and larvae have been used for colonization. When 
larvae are liberated each colony should cQnttrinat least 200sr,ecimens 
to insure the successfulestabli"hment of the species. 1£ ,admt beetles 
are liberated, smaller colonies serve as well. In liberating colonies, 
areas have been chosen where the.1l9 was a plentiful supply of gipsy
moth larvae and" when possible, places not likely to be disturbe,d by 
artificial control work. 

Table 21 shows the number of colonies and :individuals which hav.a 
been liberated in New England. 

In addition to the {lolonization in New England, Oalosoma syco
phanta has been colonized in smraral other places in the United 
States and also in.Oanada. The.se colonizations are recorded in 
Table 22. 

'TABLE 21.---:Liberati01l8 of Calcsoma sycopha.nta in Nc,w England from 1906 to 
1027, incl-usilJe 

Number of colonies Number of indl
llbemted vlduals liberated 

Adults Larvae :Adults Larvae 

-------------------1------------
Massachusetts_________________________________________________ ,HoP 8il 15,000 18,123Malne______ ___________________________________,____________ . 3 2 0,730 232'~-

New lIampshir.e______________• _____________________________ ,__ 62 G 7,380 1,375 

f5~~:c{~~t~~~::::::::::::::::::::::::::::::::::::::::::::::::::[_.. 2~ ___ -----~- 2, ~~ _______~ 
TotaL _______,____________________________________________333 I 05' 35,830 10, o~ 

Total liberations of Individuals in New Enaland, 55,7CO. 

TABLE 22.-~Liberatio1l8of Calosoma sycophanta.outside of the Neto .England States 

Nnmber Numbet 
Years Local(ty of Indl Years Locality ofindl

vidnals viduals 

1912 to 1018______Canaila 1______________ 1915_______c_ ____ ·F1orlda_______________ ,5,331 161017_____________ Delaware____________ _1030 35mt~~~_:~:~::== ~:~o~~~ico=:::::==:: 1: no 1910_ __ _ _________Washlogton __________ _ 2001015 ____________ Colorado_____________ _ 1921._____ . ______ AlabBlOIl_------______ _1,010 501015_____________ New York.___________ 1921 _____________ North Carollna______ _180 1781015_____________ District of Columbla __ ·6001915__ ___________ Arkansas_____________ _ Total_____ . _______________________ _
461 10,821 

1 Most of the Calosoma which have been sent to Canada were obtained by experts from the staff of .tlll> 
Dominion entomologist. who made their headquarters while obtaining this material at the gipsy-moth
ls.boratory at ,Melrose Highlands, Mass. 
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The 10,821 individuals ;recorded ,in Table 22, together with the 
55,760 which have been lit'ieratedjn New England, make a total of 
'66,581 liberated. The record offue 'total. colonization is giv:enin
Table 23. 

TA1ILE 23.-Total number of living Cal080mB sycopilanta imported and number oj
beetles and larvae colonized . 

INumber col!ln· Nnin'~~f~:-ncor:~:Num· !zed fronuear· 
Nnm. oor col. ings and field Num. berlzedcol. ings,and ,field 

:Year Yearber' onlzed t'OlIectlons ber. \. cn collections· 
received from I__--;~·__II received. from ' 

Impor. 1- 'Impor. . 
tatlOns Adults Larvae tatJo1l9 Adults Lar,,,ae 

-----1------------,1(0,·----1--.,.---'·----'----.
1918_____•___• ______________••__ 6,102 ____• __ • 

~llm:::::::::: ~ ~~ ::::::::: ::::::::: 11119__",,::'..__• ______ ~c_ _________ 498 ...____• 
1920..: __..... __•__.~__ _________ 1,332. ________ll108••••••_...G76 4aO •••-.....2"rOO 

1!JOO•••.••_... 401; 2.Al ••••:.... 6,100 1021. __ ••----- •___••--_ ~________ 713 ____••__
1022. _________ •____________...__~ 178 ______ __1910........... 1,305 I, or.,.. 452 6,380 

1023_~ ~________ •__• __• ____• __• _______• ___• __ • ____lOU •••••••••.••••••::•• """'" 621 1,104

1012••••••.••••••._.,•••••••_.. 256 ._••~•••
1m3••• _••__ •___________ • __..._ 3,246 2, 001 t~:::::::::: ::::::::: ::::::::: ::::::::: .::::::::1925____._____ _________ _________ ,625 ________.1911••_••- ______.....,. ___••__ •• 8,875 629 1927_________ ______________.___ 9D9 __ ___.,.~ ~1015;;•••••-.______ •____ .,__ ._____ 15..601 .51,6 
1016 ____•____• ____ ••______••• ~__ , ·800 ...._.- r---r;rn .1917_,_____ .~____•__ .....__ : __ .__ .3, 642 ____• __• Total___ · 4, 045 1.2. 711 43, 940 19, 930 

Grand .totalf!f Individuals liberated, 66,581. 

It will be seen from the data in Table 23 that 2,711 'beetles which 
came from Euro.pe have been liberated, and that a few hundred beetles, 
and several tho.usand larvae were reared. at the laboratory andcolo.n
ized during the e&r!y wo.rk with this species through HIlO. Since tha.t 

.; 
! 

FiG. ~4.,.-Jars for rearing Calosomll beetles. a, Lorge jor with wooden top and ladder; b, small jar
with wooden top; c. showing construction of top and ladder; d, jar with cheesecloth top held In 
pOSition with .rubber band. (Burgess) , 

year no. foreign sto.ck has been received, and mo.st o.f the liberations 
have been made from stock cQllected in eastern Massachusetts. 
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,APPARATUS USED IN WE-HISTORY AND REPRODUCTION,;,.WORK 

I.: , Glass cylindrical jars 8}'2 inches high by 6 inches in diameter 
(fig. 34) have been found very successful for rearing Calosoma. Each 
jar should contain about 3 inches of soil, which must be kept damp 
but not wet. The jars are covered ",ith wooden covers grooved to 
fit the rim of the glass. .A circular hole in each top covered with wire 
netting provides ventilation. .A piece of wire mosquito netting is 
attached to the inside of the. cover and projects into the jar, allowing 
the beetles to climb to the top of the jars in search of the caterpillars 
which often rest there. Such jars are stocked with. a pair of beetles 
and with caterpillars 'which serve for their food. The female beetle 
burrows into the soil and here she deposits her ,i3ggs. The beetle 
larvae when confined in. reu.rillg jars attack one' another, SO it is 
necessary to examin.e the earth in the jars daily and remove the grubs 
soon after they have emerged from the eggs. 1n order that they lnay 
not come in contact with one tl.iibther they are placed in separate 
containers, such as jelly glasses half filled withearth,or large breeding 
cha:mhers with .a supply of caterpiUars for food. Cylindrical wire
cloth cages 4 by 10 .inche~. with wooden to.p~ and bottoms,are :also 
us.e~ to some extent for rcc.n.'1g Cn:l0somi!:' The t<?p should be made to 
fit tIghtly. Such cages are set 8 fiches mthesoil. When the larvae 
become full grown they can go into the soil and there transform 
to adult,S. In such cages the larvae can develop without extra 
handling until the following spring. 

Large wooden boxes with wire bottoms and hinged covers provided 
with wire netting are uged for hibernating quarters for the beetles. 
(Fig. 35.) They are set a,bout 20 inches into the ground and filled with 
soil to the @ame level .as on the outside. Cylindrical cages (fig. 16, J) 
made of U,,:in.ch mesh galvanized-iron wire also have been used with 
good success .as hibemating cages for the beetles. These may also 
be used forr.earing beetle larvae if they are lin.ed with fine-wire 
screen. 

METHODS OF OBTAINING DATA .FnoM THE .FIELD REGARDING CALOSOMA 

The beetles are conspicuous a~ld easily observed in the tield. The 
larvae also are found quite readily in masses of caterpillars >and.pupae 
on .the tree trunks. As the beetle larvae molt twice, evidence of their 
previous presence is often afforded by their molted skmson the tree 
trunks. Even if the larvae and beetles have gone into the ground for 
pupation and hibernation, evidence that they have been present is 
found in the dead caterpillars and pupae, many of which remain on 
the trees for several weeks after the beetles and thei): larvae have left. 
Caterpillars and especiallY\Pupae (fig. 36) which have been attacked 
by Calosoma. are torn in a manner characteristic of the predator, and 
the cause of th~ir death can frequently be determined by a careful 
examination of the remains. 

To determine the dispersion of Calosoma, the trees outside of the 
area in which the beetle is known to be present are examined during 
July and August for the molted larval skins. Many records of the 
dispersion of this insect have been obtained in this manner. 

In addition to the laboratory studies many field observations have 
been made to determine the number of caterpillars and pupae con
sumed by the beetles and their larvae. For several years the remains 
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FIG. 35.-Box cages used' for rearin;: Calosoma larvae late In the Slimmer. _~. coarse-mesh screen top used atter the larvae have gone into the 
grollnu to transform and hibernate; B, cover with fine-mesh screen used in summer 
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of dead gipsy-moth caterpillars and pupae were collected at designated 
places and e ..~amined at the laboratory. The 'q uiUltityof such mate
rial killed br Calosoma is considerable. DWillg later years specific 
trees in vanous locations have been e.'{aminedeach year .and collec
tions made of the remains of the gipsy~mo th pupae. The e.'{anllnation 
·of such material shows the abundance Of this predator. Often from 
10 to 40 percent of the gipsy-moth pupae..are destroyed,and much 
higher percentages of destruction are sometimes' 0 btained. These 
records also show that m8IlY more female gipsy.,moth pupae than 
male pupae are destroyed; Such examinations do not. show the full 
destruction of the gipsy moth caterpillars and pupac'byCalosom8. for 
the season, for many caterpillars are killed or injured and drop to the 
ground, and are not recorded. Other evidence, however, has been 
obtained indicating that the percentage of caterpill&.rs,destroyed by 
the beetles is 8.shigh as thepercentage of pupae destroyed by Calosom8. 
larvae, and some records hlwe shown it to ,be two .and one-half times 
as high. 

RECOVERY AND DISPERSION 

Larvae of Oalosoma sycophanta were found in this country during 
the summer of 1907, proving positively that this beetle, wliich had 
been liberated the previous summer, had successfully ,passed the 
winter and begun reproduction. Each succeeding year thi!'! species 
has been recovered and, aided by the establishment of new colonies)
it is now present over practically the entire gipsy-moth~infel}~ area. 
Its present known dispersion is shown on the map inFigure 3:' '. Ihvill 
b~ obs~rved. that it has been recovered. .well beyoJ?dt~e,~lil3y"-nioth
dispersIOn line and was found .at the gIpsy-moth inieS1iaiilOn ill New 
Jersey. ... 

VALUE OF CALOSOlllA SYCOPH1~TA 1: 

It is difficult to place .8. definite value_ on .any ·of the introduced 
enemies of the gipsy moth and the brown-tail moth. However, exten
sive data accumulated g,t the gipsy-moth labqratQu show that ·this 
beetl~ is one of the most des!r"able ene~es ()fthegi:psYlPo~that have 
been mtroduced and established . . "-

In addition to its destruction of the gipsy ~oth ,and .brown-'tail 
moth, it is an enemy of several native msep'ts, and the beetles readily 
attack the caterpjilarsof the recently introduced sa,tin moth. Since 
the seasonal history of this Calosoma corresponds closely·to that of 
the gipsy moth, it is pe.rticularly adapted to feed on this iasect. The 
fact that the beetles live for several years adds to their value .as 
destroyers of injurio)ls insects. 

FOREIGN /ENEMIES OJi' :rHE.GIPSY MO'rH NOT
i POSITIVELY E~TABLISHED ' 
~ '. ' 

LARVAL PARASITES 

AP.ANTELES PORTHETRIAE Muesebeck 

The braconid Apa.nteles porthetriae Muesebeck has been confused 
with A. vitripennis Haliday, A. laieralis Haliday, A. solitarius Ratze
burg, and A. melanoscelus Ratzeburg. According to Muesebeck (21) 
it is very similar to A. 'lJitripennis and closely resembles A. liparidis 
BoucM. 

This braconid has several generations annually. Itsfirst-genera
tion larvae emerge from small gipsy-moth caterpillars, often profusely, 
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but, in contrast to A. meZanosceZus, the second g~neration does not 
developabundan'tly in the gipsy moth. It has been colonized in 
large numbers,but its establishment has not yet been determined. 

FOREIGN .DIS~RLBU~ioN .AND ABUNDANCE 

Apanteles'porthetriae has a wide European distribution. It has been 
found each year since 1922 in almost every gipsy-moth infestation 
which has been observed in Portugal, Spain, France, Poland,G'ermany, 
Czechoslovakia, l'lun~ary, Italy, Yugoslavia,aIid Bulgaria, .and in 
Morocco and Algeria ill northern Africa. In most of thesecountri~s 
this parasite has been found generally scattered throughout ,the 
gipsy-moth infestations since 1922. In a considerable number of 
places it has been .a very important factor in the control of the gipsy 
moth. . 

It was found in greatest abundance during the sJ>ring of 1924 in a 
small village near Bochnia, Poland. Here R. T. Webber,in com
pany with Stefan Keler,a Polish entomologist, found a very severe 
gipsy-moth infestation on the few fruit and shade trees 'of the village. 

FIG.37.-A small brnnch of willo,," collected near Bochnia, Poland, in 1924, showing many 
cocoons 01 Apall/e/u por/hetriae. Tbey are scattered singl)' o\"er the brnncb. On tbe rigbt half 
of tbe branch nre two clusters of the white cocoons of A. liparidi3, XU 

The trees were smail, hardly more than 20 feet high, and many of 
them bore 100 01' more gipsy-moth egg clusters. Through the kind
ness of Antoni Czarnecki, the overforester in whose district the 
lliiestation was located, arrangements wel'e made for the use of .a 
room in his dwelling in which to carry on the rearing work for the 
summer. 11arjan Numberg, a graduate student ·of forestry, was 
employed to make and care for the caterpillar collections. 

When the time came to begin collections of gipsy-moth caterpillars 
to rear tachin.id parasites for shipment to the United States, Mr. 
Numbergfound the;ufestation greatly reduced by Apanteles porthe
tl'iae. A week or two later the juni.or author visited this laboratory 
expecting to fina a large number of tachinid puparia to add to others 
from Hungary and Bulgaria for shipment to the United States. 
QnJy a few tachinids had been recovered and the rearing trays con
tained oilly a few thousand caterpillars. An lnspectionat the infes
tation quickly explained the reason for the small number of gipsy
moth caterpillars in the trays. The caterpillars had become scarce, 
and everywhere on the tree trunks, on the underside of the branches, 
and even on the grass were the cocoons of this parasite. A small 
branch typical of conditions there is shown in Figure 37. In the field 

http:tachin.id
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the branch bO.re'many morecO.cO.O.ns than are shO.wn in the picture,fO.r during the packing and handling O.f tills specimen many CO.CO.O.nswere dislO.dged. The .adults were l"Ilready beginning to' issue,so itwastO.O. late to' attempt to' intrO.duce the species into' the UnitedStates that seaSO.n.
The subsequent rearing wO.rkdid nO.t prO.duce many tachinidsandmO.st O.f the caterpjliars which escaped the attack O.fthe Apantelesdied later in tho soaSO.n frO.m a d.ll;ease,apparently "wilt." TheinfestatiO.n was so. depleted that in the fO.llO.wing year there werenO.t sufficient gipsY""IDoth caterpjliars in the village to' warrant themaking O.f cO.llectiO.ns to' O.btain parasites fO.r shipment to' the United ,~States.
During the same year this Apanteles was very abundant in gipsymO.th infestatiO.ns in Debrecen, Hungary; Vetren, Bulgaria; and BeliManastir, Yugoslavia. In the first and lastO.f these places it rendereduseless fO.r cO.llecting purpO.seSSO.me O.f the gipsy-ruO.thinfestatiO.ns whichhad been IDeated earlier in the seaSO.n.
RepO.rts such as the fO.llO.wing were received lrO.mthe bureau menin Europe in 1925: FrO.m S. M. DO.hanian, EvO.ra, PO.rtugal, "CO.CO.O.ns very plentiful, dispar infestatiO.n decreasing." FrO.m P. B.• 	 DO.wden, Beregsas, OzechO.slO.vakia, "A heavy gipsy-mO.th infestatiO.nin 1923, nO.w gO.ne; very many DId CO.cOO.ns present, the mO.st I haveseen except at Bochnia, PO.land; sO.me trees with many hundreds ofcO.coons." FrO.m Belki, CzechO.slovakia, "Trees notdefO.liated inareas Where Apanteles was abundant, .defO.liatedall arO.und thisarea." From R. T. Webber, Baja, Hungary, "Great many caterpjliars parasitized by Apanteles here but nO.t sO. many .asat Bochnia)
Poland, last year." At Portalegre, Portugal, this species was very
commO.n and O.n many trees its COCOO.ns were as .abundantas .shown
in Figure 38, which is a piece of cork O.ak fO.und there by S. M.Dohanian.

Such cO.nditions as those cited above are nO.t true fO.r .all of the
area. Thoy represent rather local sections. 
 In many places duringthese years gipsy-mO.th infestations have been O.bserved where this
parasite was l'ecovered O.nly incidentally. The fO.regO.ing data ,are
sufficient, hO.wever, to' shO.w that Apanteles porthetriae is, under
favorable cO.nditions, an important enemy of the gipsy moth. 

LIFE HISTORY AND HABITS 

This bracO.nid prO.bably passes the winter as a small larva within
lepidO.pterO.us caterpillars. 
 In the field the adults attack the firstinstar and secO.nd-instar gipsy-mO.th caterpjliars. The great majO.rityO.f the parasite larvae issue frO.m the secO.ndand third instar caterpillars under field cO.nditiO.ns. Usually O.nly O.ne larva develops within
a single hO.st. In labO.rato'ry wO.rk the periO.dfrO.JIl the layingO.f the
egg to' the issuance O.f the parasite frO.m its hO.st was frO.m 11 to' 20
days, the avera~e being 14 Dr 15 days. 
 The larva spins a delicatewhitecO.cOO.n, lightly .attached to' the c8,terpillar, which may live
several da:y:s but dO.es nO.t feed· .afterthe issuance O.f the parasite.
The CO.CO.O.n\~ are fO.und O.n the tree trunks and O.nthe underside of
the branches where the parasitized caterpillars usually rest just
previO.us t.0. the issuance of the parasite. The adult issues in frO.m
fiye to' nine days .after completiO.n O.f thecO.CO.O.n, .and the males are
usually the first to' appear. 
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By the time the .adults of this generation have developed ju the 
field, most of the gipsy-moth caterpillars hay~ reached the third and 
fourth instars, and.. are !:1eldom attacked .by :this brood. There.is 
sufficient .time for this generation to parasitize another species before 
attackin,g the host in which it passes ,the winter .. 

INTltoDUCl'ION ANDCOLONIZAl'ION 

It is smprisingthat .thisJ>arasite was not encountered as an enemy 
of ,the gipsy moth during the importation ",:ork from 1905 to 1911, 
for in .the r.ecent "investigations of the Bureau of Entomology it ·has 
,been ,the predominating ,braconidenemy of :this insect.. 1\,ill excep,
,tion to .this condition was found in 1922 .by the Juniorautlior in 

FlO. 38.-A pieee oC cork Qdk collected at .Portaiegre. Portuglll. in .1925. showing the cocoons of 
. Ap.allteles porthetriae.XY.(· .. ' . 

Sicily, where Apanteles melanoscelus was the predominating species. 
There is .a strong suspicion that during the early work there was a 
misidentification of the braconid parasites which were obtained as 
.enemies of the gipsy moth. It .seems likely ,that ,R part ofithe 23 j OOO 
Apanteles liberated in 1911 as A. solitarius, :and later (8) credited to 
the colonization of.the spring generation of A .. melanoscelus,wer.e in 
reality partly A. melano8cel.u8 and partly A. porthetriae. As there is 
no way of determining, the number of the two species :actually :liber
ated, no change will ,be made ·inth.e number credited as A. melano8
.celus, but, it is probably high. The manner in which this parasite 
was obtained in 1911 has been explained under the discussion of ,the 
introduction oi A. melanoscelu$. 

http:melano8cel.u8
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There were no more liberations of A. porthetriae un.til 1924. In 
1922 W. R. Thompson; ·of the Bureau of Entomology, sent a few 
collections of the .early instars of the gipsy-mothcateqJillars from 
Hyeres, France) from which a few cocoons .of A. porthetriae were 
obtained. The adults which emerged from these evidently ,did not 
mate, for only males resulted from .the reproduction work with them 
that season. 

During 1924, from 45 cocoons sent to Melrose Highlands from 
.spain 8 females were reared and fertilized. These were used 1.11 .a 
reproductio~ experiment.and in twogenerat,ions 2,440cocoonsre
sulted.Of these one colony of 1,400 was placed at Hampton, N ~.H~, 
,and ~ ,000 at ~ochester, Mass. .?-,he rem~~ 40 m~re. used in repro
ductlOn expenments and later liberated ,at Melrose Highlands. 

This para,site proved to be .a very difficult one to tr,ansport .satis
factorily to this country. Several small lots ·of ,cocoons have ,been 
gathered in Europa and sent ,to the laboratory at Mel:r0seby mail 
or express, ,but in practically every case the .adults ,emerged and died 
on the way. Similar collections ofcQcoons have be.e.n sent which 
were kept In the steamer's coldstoraO'e while in transit, but in such 
cases only a few adults were rec.eivedalive, ,and Phe-se were usually
'Weak and did . .not mate readily. Many collectio;ns o£small par,~sl
tized gipsy-moth caterpill,ara have been shipped to the laboratory, 
but in most cases the parasites and ,their hosts di.ed 'before .arrival. .. This species was observ:ed in great abundance in several European 

1,1 countries in 1924, and it seemed ,that every ,poss.ible,attempt should 
be made to es'liablish it here. Accordingly) in the spring .of 1925T. 
H. Jones of the laboratory w,entto Europe and met ,th.e bureau men 
who had ·~one earlier in .the year and had located threeareaswher,e 
,this paraSlte .could be obtained in large numbers, one .atBelli, ,Czecho
slovakia, one at Baja, Hungary,' and .one at Debrece.ri, Hungary. 
As soon .as the first cocoons ofA. porthetriae began ,to eppear, ,large 
n.umbers of first and .second jnstargipsy-:moth caterpillars w:ere .col
lectedand placed in pasteboard boxes. The covers of theseb()xes 
were sealed t.o prev:en,t the escape ·oithe ,cct.terpillars; hut an opening 

'. was arranged through which the [oliagefor the .caterpillars' food 
could be inserted. After the .collections Were completed the :boxes 
containing the ,gipsy-moth <caterpillars ,and Apantelescocoons were 
assembled and Mr. Jones started with ,them fnr ,the United States. 
When he hoar.dedthesteamer at Bremerhaven, circular holes were 
cut in the.ends of the .collecting boxes and into these glass tubes. were 
insert.ed.. ' As the adult Apanteles emerged from the .cocoons which 
had been placed in the boxes, and fromtbose which were formed 
in the boxes by the parasite larvae .that issued from the caterpillars, i \ 

they entered the glass tubes. From these they were removed and 
placed in wooden boxes which had been prepared for them. In these 
boxes the adults were fed with fI. mhtureof 1 part of honey and 2 parts 
of water during the remainderoUhe trip. The boxes were made so ,as 
to fit into a large traveling case. (Fig.. 39.) The outside measure
ments of the bnxes were.9 inches long by 4% inches wide by 3 inches 
deep. A glass cover fitted tightly into a groove in the top. In one end 
of each box was a hole 2 inches in diameter through which the para
sites, and later the food, were inserted ..' 

O.n May 29J Mr. Jones arrived with l),bout 2,400 living adult Apante
les ~ good condition. A part (1,500) of these w.ei'eliberated immedi

http:insert.ed
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ately in a gipsy-moth infestation at Barnstable, Mass., and they had 
time to complete a generation on the gipsy-moth caterpillars in the 
field. The remaining 900 adults were used in a reproduction experi
ment to start a generation at the laboratory and were then liberated 
at the colony site in Barnstable. Thus 2,400 foreign adults in all 
were liberated at that colony. During the summer, from the start 
made \vith the 900 adults before they were liberated, 13,382 cocoons 
were obtained in two generations. These Apanteles were liberated 
in .Massachusetts and New Hampshire in large colonies after they had 
had an opportunity to mate. 

There were no colonizations in 1926. A better method of shipping 
this species was developed during the summer of 1927 by Mr. Muese
beck. This resulted 
in the liberation of 
9,6G5 foreign adults. 
A few adults from 
Hungary were used in 
a reproduction experi
ment and 6,700 para
si ti zed caterpillars 
were liberated. Only 
freshly formed co
coonswere sent to the 
United States during 
this season and these 
came in wooden 
boxes, each one meas
uring 3 inches deep, 5 
inches wide, and 6 
inches long. In one 
end of each box a l
inch circular. opening 
covered \vi th ve ry FIG. 39.-Large traveling bag containinl' 20 boxes with glass tops used 
fine wire screening in.transportingadu~ts or ,~palltele8 porthetriae rrom Europe to Melrose 
permitted circulation IIlghlands, Mass., III 192, 

of air and the insertion of a glass vial to draw off the adults. Each box 
would accommodate from 300 to 400 cocoons, and these were held in 
phwewith3 01'4 mm. wire screening. Many adults issued en rOllte and 
a sugar solution was supplied for food. This was placed in a nickled 
brass tube 10cm.long and 2 cm. in diameter. A piece oflamp wick long 
enough to allow both ends to project was run through each tube and 
the ends of the tube were plugged with cotton batting. The wick and 
cotton were saturated with the solution before insertion. Each 
box contained two tubes held firmly in place with nails. By using this 
mp,thod to ship A. porthetriae to the United States it was not neces
sary to retard the development of the parasites by placing them in 
cold storage during transportation, and the material arrived in this 
country in excellent condition. 

The summary in Table 24 shows the area over which this parasite 
has been liberated and the number of individuals placed in the 
different colonies. 
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TfBLE 24.-TotaZ iiberation oJApantilcs porthetriae in Ne:w England., 

Pari. '':~l , , ,0 

Bred Inlported sltized:'
Year L1bemtedJn- stock, eaterstock 

&dulls, pillars" 

() '1 .(} 

,,' h ~~.~~~~ 

Ilm________~~ ,~~i::7~:~:=::::::::::::::=::::::::==::==::::::~ t:1' ::~::::~:: ::::::::: 

, 
Omnd totalllbemte~,34.1:S7. 

I~addition to the Apa.nteles which ha.vebeen liberated:, as shown, 
in Table 24 there probably': ~~re a,. few thousa!ld col6iUz,ed, ip19,11as
A. mew,1WsCilus and .it '80litan:'.f,$~ . . " " ; 

About230cocoons"of A, porllietrii:uwere received at thegipsy~m6th: 
laboratorY; from Sp~in,. andPo.rtugaljn, 1925, but no 11v.ing adult!3: 
were obtained from ;this matenaL ~", , ' 

\I 

This parasite is not ~a difficult ~ne to breed under lab6ra.tory: ....on~ 
ditions. The adults are kept 1m glass, tubes, where they are fed $ _ 
mixture of 1 part of honey and.\~? parts of wa';~r.. The food is usu8lly '. 
placed in the tube on a small p~ of sponge which should test on 
a small can or a piece ,of paraffin. p8.~r so as not to foul the tube,· . The 
sponges should be cleansed thoroughly each day and a fresh inixture 
of honey and. water used. . ~ 

Parasite-free gipsy-moth caterpillars ue obtained by rearing Il!Xge 
numbers of them from their eggs. A quantity of gipsy;..IilotJ! eggs is 
held in cold storage to prevent hatching until the cnterpillarsare 
needed. These caterpillars ue exposed to the female A:panteles soon 
after the first molt. They are introduced, on a small camel's-haa
brush int{) a glass tube 8 by 2 inches, which contains :from 15 to 20 
fertilized female Apanteles. The closed end of thetlloo is kept toward 
the light, which prevents the Apanteles from escapilig.As80on 'as 
a caterpillar is attacked once it is withdrawn and placed: in a tray. 
From 100 to 150 of ~hese l?ar!lSitizedcaterpillars ~c~nfiD.ed in.par
affin-paper trays which fit mSIde of wooden frames, 14 mches squ~e. 
(Fig. 25.) A strip of sticky tree-banding material to prevent the 
(,1aterpillars from escaping is placed on the:'inner sides of the paper 
tl"ay near the top. The small caterpillars are fed each daywith fresh 
foliage which is lightly sprillkled with water before oeing placed in 
the trays, to keep it fresh for a longer period. In the bottom of each 
tray is placed a piece of clean paper. This is removed each day and 
aids in keeping the tray clean. 

http:c~nfiD.ed
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About two weeks after the ca~illars have been ~ttacked the 

Apanteles larvae begin to issue and spin their 'cocoons in the trays. 

These cocoons are r~ov(ld to small glass vials and held until the 


' adults begin to issue.. The firsttoem,erge are always males. These 

are divi,Ied e~ua¥ya~d placed in. ~ver~l glo.ss-covered boxes, 'Such 

as are $oown ill :FIgUre 16,"K, andJ)gure 39.. Here they are kept and 

fe<i until the females emerge~ Freshly emerged -females of.A:panteles. 

mate more readily with :males which are a day 01' two older~ After 

the femilles el)1erge they are put into the boxes Which contain the 

.older males, for fertilization. .As Soon as sufficient adult.$ for 8 colony 

are obtained and mate<l, they are liberated and not ll.eld unPJ a l~e 

supply is on 'hand~, .'. ' " 

RECOVERY AND VAliUE OF APAN.TELES l'ORTllETIDAE - . ~ 

This species has not been recovered in New En~land except, during 
the summer of its 

liberation, and then 

onlyfrom the.vicinity 

of the colony site. It 

wus not recovered 

during tlilt)summer 

work 01--.1926, the __~__ 

year following what 

waf! considered. satis

factory colonization. 

It is not unusual to 

fail to recover an in

troduced parasite for' 

a year or two after its 

liberation, and there 

is still a chllnC6 ,that 

this species is estab

liShed. It has a vari,

ety of hosts but ap-. 

p~ent1y requires an 

Q.verwintering host. 

Possibly th3s parasit~ 

w~l. nnd ~suitable FlG. 4O.-.A nldu lipari413 adult,· l2. 1; (Howard and FJske)'hIbernating host "." prJ . '.' ,.x .. n . . . 

here. The brown-tail moth or the satin moth ma.yserv~ithis purpose. 


APANTEUS UPJlItIDIS ILiUM'.,' ..( 

Thebraconid parasite of the giPsY-IQ.9tlic~~rpill~~hich Was so 
often referred to dw,iDg the early workiat the laboratory as Glypta
paute1es, and lateI'ln literature as 4.j'liluipt8 HaI,,'i~notthatspecies
according. toO..F. W.Mu~beck, bu~isA.liparidi81~oucM, (Fig. 40.) 
,~. Mueseo6(:)k reportS having seen BqucM's. tYPe of A. lipariilis 
'::fu the museum of the Landwirtschaftlich~'j HochBchule .in Berlin and 
says: it * . * * It is certainly the same spe£les that 'we calledjulvijie8~
The truefuluipt8. while structurally very ,close is nevertheless readily 
~aratedT audit apparently is:~tricWd to smooth-bodied -host 
I·.~~," " 

, 


}~ 
..... ··7 

. ;1 ...• 
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A.lipai-?llis bas several generations each year, two of which are on 
gipsy-moth cate-;pillars. In additiqn to being one of the most imporli- ...: 
ant gipsy-moth parasites in Europe and Japan, it is recorded as a " 
brown-tall-moth parasite. It has been liberated in this country in . ~ 
large numbers and ~nder as favorable conditions as can be expected. 
It has not been recovered, except during the season of liberation,and. 
its establishment seems very doubtful. 

• FOREIGN DISTRIBUTION AND ABUNDANCE' 

This speccies is widely distributed in Japan and in Europe,. and 
has often been considered one of the most efficient enemies of the '411 
gipsy moth in foreign countrie~. In the earlier .wor!t with ~hiss~ecies, 
when several att~mpts were made to establish It h!.';'e, speCImens 
were received from several locations in France; Garmany, Kiev, 
Russia, and Japan, and it was observed also in Austria. Since foreign 
work started again in 1922 trus Apanteles has been reported by the 
bureau experts at Yokohama, Nishigah~ra, and Tokyo, Jp,panj 
Debrecen, Pomaz, Telzogallo, Baja, Galgamacsa,. and. Budapest, ._4 

Hungary; Hyeres, France; Madrid and Valencia, Spain; Mugglessee 
• and 	 Zittau, Germany; Belgrade and Beli ManasUr, Yugoslavia; 

Bochnia and DrewnicR, Poland; Beregsas, Munkeceri,l., Uzhorod, and 
Kosice, Czechoslovakia; and. Vetren, Bulgaria. 

During the period from 1922 to 1927, in many European countries, 
A.. li'paridis was observed in the field and reared iD the trays from 
gipsy-moth caterpillarS, but not in BO greatabundanGe as in Japan i 
during 1922 and 1923. 

J. N. Summers reported in 1922 that the parasitism of the gipsy I 
moth by the second generation of this parasite was bigh, and one 
coUection showed 60 per cent of parasitism at Yokohama. H. A. 
L('Jomis, an American living in Yokohama, Japan, observed that 
there the gipsy moth was held in check by natural enemies, and several 
attempts were made by him and others to introduce this species. 
In 1908 T. Kincaid was sent to Japan to investigate the natural 
control of the .gipsy moth. His reports in regard to A. liparidis were .A 
very enthusiastic, for in that season this species was very abundant. 

More recent European investigations have not indicated that 

this braconid is an important enemy of the gipsy moth although 

there are many earlier records of its great abundance. Professor 

Kincaid reported from Kiev, Russia, in 1909 in'regard to a. heavy 

gipsy-moth infestation which had occurred in 1908 (14, p. 124). 


Only a few isolated colonies seem to, have survived, the most important .of ,( 
these being at Mishighari, a small place on the river about two hours by steamer 
from Kief. In this place, which is perhaps 100 acres in extent, th6~t~ are 
plastered with cocoons of Apanteles fulvipes. The aitack of the parasite· was 
so tllOrough that the first generation seems to bave been sufficient to wipe out 
the caterpillars, as I can find no large caterpillars about the place, and a few 
days will doubtless witness the. complete wiping .out of dispar. 

In 1910 W. F. Fiske, after visiting the forest at Mishighari where 
Professor Kincaid had found Apanteles so abundant, reported as~ 
follows (14, p. 125): 

Everywhere the gipsy moth was rare or at least uncommon, and everywhere . 
the cocoon masses of Apanteles fulvipes were at least as abundant as the egg 
masses of their host. At Mishighari thc conditions remained much as described 
by Prof. Kincaid, except that the cocoon masses of Apanteleswere even more 
abundant than his letters would indicate. Upon some trees they were literally 
matted together by the thousands in such semiprotected situlltions as are selected 
by the c~terpillars at the time of molting. 
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Such conditions are not universal and other forests W-("~:, found 
where the parasite was scarce or not observed at all. This is sufficient 
to indicate both the abundance and scarcity of thi~;:parasite, and to 
emphasize the necessity of long and continuous investigations in 
connection with the biological control of insects in order to establish 
the exact status of the host and its enemies. . 

According to later reports this species was found abun:dantly 
during the summer of 1926 at Drewnica, Poland, where 20, 35, 
42, 50, and 100 clusters of cocoons were seen on trees where there had 
been a serious gipsy-moth infestation during the summer. These 
counts were made on trees wwch were typical of conditj,ons there. 
This is the first record during the recent European in~(estigations 
of the finding of this Apanteles in abundance. { 

LU'E HISTORY AND HAJlITS 

When this parasite has been imported during the rush of the s~aoon's 
work, the chief concern has been its reproduction and colonization. 
As far as is known it has never lived '~hrough a winter here and no 
specimens have been available for studying it except during the 
seasons of its introduction. 

The gipsy m~th al~ne will ~ot sustain this. parasite" for it requires
another illsect ill which to .hibernate.Dunng-the week of March 
4 to 11, 1922, wIllie J .. N. Summers was investigating the gipsy-moth 
situation in Japan, he found l\panteles larvae issuing from caterpillars 
of Dendrolimus spectabilis. :autI. at Nishigahara. This discovery 
established the fact that D. spectabilis is the hibernating host of 
this braconid in Japan. In° EuroPe the species is recorded as a 
parasite of D. pini L.; and in Spain the junior author was told tha.t at 
times there are bad outbreaks of D. pini there, and that A. liparidis 
is an important parasite of this insect. While visiting a pine forest 
near Valencia, Sprun, in March, 1924, nearly all stages of caterpillars 
and even an occasional pupa of D. pini were .found, showing the 
variety of stages which Apanteles may choose as suitable on,es in 
which to pass the winter. Undoubtedly this species is a favorable 
hibernating host for A. liparidis in Europe. It is possible that this 
Apanteles may hibernate in other hosts, but unless such is the case 
it can not be established in America, for neither of the hibernating 
hosts mentioned above is present here. 

Adults of this Apanteles attack their hosts in manner similar 
to that of A. lacteicowr and A. melanoscelus, the act of oviposition 
being a quick insertion of the ovipositor for deposition of the eggs. 
The females oviposit freely in nearly all stageS' of gipsy-moth.cater
pillars, but fewer Apanteles develop from small caterpillars than 
from the hlrger ones. From 15 to 20 larvae develop from a single 
oviposition in a medium-sized gipsy-moth caterpillar. Caterpillars 
are often attacked more than once, so from 80 to lOO parasites 
are sometimes obtained from large-size caterpillars. In one case 
Mr. Muesebeck, who conducted the experiments, allowed a large 
fifth-instar gipsy-moth caterpillar to be ovipositedin by several 
females, and 16 days later 192 tX)coons of Apanteles were recovered. 
They appeared to be of mediurh size and entirely normal. The time 
elapsing from the laying of the eggs to the issuance of the parasite 

1781°-29--7 
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larvae was from 14 to 21 days, with an average of 16 days, which is 
about one day longer than for A. porthetriae. 

Each larva prepares a white cocoon and in this transforms to the adult. 
When a; number of the cocoons are clustered together, as is usually 
the case, they are quite consRicuous. They are found on the tree 
trunks, and often the caterpillars from which the larvae issued are 
found partially entangled over the top of the mass of cocoons. (Fig. 
41.) Usually the host does not die for several hours after the issuance 
of the larvae. The development of the parasite after the larvae leave 
their hibernating hosts is rather slow in Japan, for according to Doctor 

Summers the adults do not issue from 
the cocoons for 24 or 25 days. In the 
summer generations the period from 
the time the larvae issue to the emer
gence of the adults is from 5 to 10 
days, with an average of about 8 
days. Adults developed from the 
hibernating generation attack the 
small gipsy-moth caterpillars and 
produce the first summer generation, 
which parasitizes the medium and 
large gipsy-moth caterpillars, issuing 
from them in time to pass through 
another generation before they at
tack their hibernating h?st. 

INTRODUCTION A.ND LmERATION 

This parasite was one of the first 
to attract attention as an enemy of 
the gipsy moth in Europe and in 
Japan. It was also among the first 
to be received at the gipsy-moth 
laboratory in 1905, although all of 
the specimens were dead. Consider
able difficulty was experienced in 
transporting it alive to this country~ 
and mlllny unsuccessful attempts 
were made until 1908, when the first 

Fw. 41• ...,Cocoons of Aponte/u Uporldu and gil>" living individuals were received. 
sy-moth caterpillar from which the parasite They arrived in packages containing 
maggots Issued, X 1~. (Howard and Fiske) hundreds of tliousands of cocoons 

which.had been collected in the field in Japan and had been kept in 
cold storage from the time of collection until the packages were opened 
at Melrose Highlands. The number of living Apanteles was estimated 
to be somewhat under 50,000: These, together with a few which had 
arrived from Germany, France, and RG:ssia, were liberated. The 
spring of 1908 was later than usual in Japan, while in New England it 
was early; and although a great many adults were liberated here this 
year the colonization was very unsatisfactory, for practically all of 
the gipsy-moth caterpillars had pupated at the time the parasites 
were colonized. 
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In. New England the spring of 1909 was cold and insect develop
mentw\1S somewhat retarded. A few thousand Apanteles cocoons of 
the first generation were re0eived from Japan early enough for about 
1,000 adults to be obtained and colonized while a few first instar gipsy
moth caterpillars were still present. Later during the sUIIliner many 
cocoons were received and the parasites were liberated when there was 
still sufficient time to allow for a generation on the native caterpillars. 
Approximately 10,000 adults were liberated during the summer. 

N ext year rather large numbers of adults were liberated from cocoons 
received from Japan and Germany early enough in the season for 
one generation to develop on the gipsy moth. The actual numbers 
colonized that year are not known. One thousand six hundred and 
seventy-nine adults Were liberated, but in addition to this there were 
two uncounted lots of several boxes, each containing a large number 
of cocoons which were sent to the field and the adults liberated as.they 
emerged. 

In 1912 some 1910.00 adults were liberated from ~arge collections of 
cocoons, most of wruch came from Germany. Dunng the years from 
1908 to 1,912 a total of 76,702 of A.liparidis were colonized. Positive 
evidenc(, was obtained that this species passed through two generations 
in the field in 1909, and another generation developed in the field in 
1910. All of these field generations were developed from the adults 
liberated earlier the same season. . -. . 

No more attempts were made to colonize this braconidlmtil 1922, 
when the foreign work was started again. During tllat year there were 
received from Japan 995 cocoons, from which 64 adults were reared. 
These were increased at the gipsy-moth laboratory by reproduction 
methods to 3,300 in the first generation. ·Two c'olonios consisting of 
1,000 cocoons each were liberated, one in Massachusetts and the other 
at Bridgewater, N. J. The colony was released in New Jersey to 
give the parasite a chance to find some host suitable for hibernation 
which might not be present inMassachusetts. The remaining cocoons, 
numberin~ 1,300, were retained at the laboratoryfor use in continuing 
the reproduction work. From them onlY.13 females were obtained,· 
inllicating that the two colonies liberated were not of mugh value. 
However, the reproduction work was continued and as a result of it 
8,870 more Apanteles were colonized in Massachusetts and Connecti
cut. . 

The method. used in the reproduction work was the same as des
cribed in some detail in the discussion of A. porthetriae under the topic 
"Method used in reproduction work" (p. 94). Both of these species 
can be readily reproduced by laboratory methods and large numbers 
of them reared from a small beginning if a few important details are 
observed. In handling these species the tubesinwhich theyare confined 
must be kept clean: The tubes are kept on their sides and the insects 
are fed a mixture of honey and water which is placed on small pieces of 
sponge or blotting paper. In order to keep the food from touching the 
sides of the tubes, the sponges or hlotting paper are placed in the 
tubes on paraffin paper or .in flat tin cans. Each 'day when the fresh 
food. is supplied the can should be washed; or if paraffin paper is 
used, this can be cleansed or renewed. The honey-and-water mixture 
should be made fresh each day, and the tubes containin~ the Apan
teles should be kept in cool dark places when the parasltes are not 
being used in reproduction work. A crumpled piece of c~pe paper 
in the tubes serves well for a resting place for the parasites. 

< 
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In 1923 a further attempt to introduce thts Apanteles was made. 
Two .10-gallon ice-creanl tubs, each with a heavy metal ice-cream 
container, were purchased (23) for this purpose. Wooden boxes were 
made which would fit tightly into each metal container, and small 
wooden collecting boxes were made to fit inside the large boxes. 
(Fig. 42.) A top was made for each tub and several improvements 
were added to prevent injury to the collections by wetting or jarring 
while en route. 

These refrigerators were used for shipping Japanese material from 
the Pacific coast to the gipsy-moth laboratory at Melrose Highlands, 
Mass. The collecting boxes were stocked with gipsy-moth cater
pillars in Japan and placed inside the wooden boxes, to be put in the 
refrigerators upon arrival at Seattle. As soon as larvae of .Lt. liparidis 
began to issue from t,he gipsy-moth caterpillars in Japan, the collec
tions were made. In each box with the caterpillars was placed a 
small supply of foliage still on the twigs. The two large wooden 

FIG. 42.-Component parts ·o(rclrigerator and shippIng box used in transporting gipsy-moth larvae 

Crom Japan in 1923. (Summers) 


boxes containing the collection boxes of caterpillars were shipped in 
the steamer's cold-storage room. Upon arrival at Seattle they were 
immediately placed in the metal chambers of the refrigerators, which 
were surrounded with ice. The refrigerators were then shipped by 
express to Melrose Highlands. The tubs Were repacked with ice 
once while en route. This lot of material arrived at Melrose High
lands from Japan in 18 days. A few of the.npsy-moth larvae were 
still alive. Most oi the Apanteles larvae bad issued from their 
host, en route, and spun their cocoons, but the adult parasites had 
not emerged, and 255 cocoons were obtained from which 70 adults 
issued. 

A refrigerating metal hand bag, shown in Figure 43, was made to 
carry small coUections of parasites when their d,evelopment needed 
to be retarded during transit. The case is of convenient size and be
cause of its shli.pe it is naturally placed on its bottom with the top 
up during transportation. The inside measurements of the case are 
as follows: The base is 972 by 16 inches and the perpendicular meas

.1;. 
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urements from the corners of the base to the top are 77,l inches. 
The two ends are· extended in a point at their tops. The perpendic
ular measurement from the point. of eaqh end to the base is 10M. 
inches. The cover is composed of two parts, hinged at the sides of 
the bag, which meet at the toP when the bag is closed. The bottom, 
ends,and sides of the bag are lined. with felt .cloth one-half inch 
thick, inside of Which is a li~ht metal frame. Within tbis frame are 
placed three tight-fitting ZInC cases. The two end. ones measure 
6M inches in depth, 774 inches in length, and au inches in width. 
The third case, which is placed between them,is 631 inches deep, 7U 
in~h.es .wid.e, and 8M incheslonlF_ At ~he top, of ea<:h case !l-round 
the mSIde IS soldered a metal stnp making a groove mto WhICh the 
covers fit snugly. The central case is used :for the insects and the 
temperature within it is lowered by packing ice in the two end cases. 
Small holes are nlade in the grooves at the top of the end cases, 
allowing water which splashes to the tops of these cases to run back 

FIG. 43.,....Metal. refrlgerator hand bag used In transporting parasites
orthe gipsy moth. It contains three separate metal compartments. 
The two outer ones are for ice end the one In the center. for para·
site material 

into the case and not out into the bag. A piece of heavy felt cloth is 
placed over the top of the cases. When the two end cases are supplied 
with ice the temperature of the center case ranges from 36 to 40° F., 
which will retard insect development. 

During the 1923 .season 2,486 A. lipariilis cocoons, obtained from 
gipsy-moth caterpillars in rearing trays in Hungary, were received. 
These were packed in small wooden boxes and kep1i in .the cold
storage. room of the steamer during the transatlantic trip. Upon 
arrival in New York they were placed on the first train for Boston, 
where the train was met by a messenger from the laboratory and the 
material taken in haste to Melrose Highlands. The cocoons had 
been fro!1l 12 to 15 days on the way. From these 2,486 cocoons 154 
adults emerged. 

The 70 adults from Japan, together with the 154 from Hungary, 
were used in reproduction experiments at the laboratory. As a 
result 26,500 Apantelcs were. mared. These were placed in. several 
colonies in New Hampshire and Massachusetts as shown in Table 25. 



TABLE 25.-Colonization oJApantele8 Ziparidis in N'e'w ~nglqnd 

Bred stock 

ForeignTowns adults Cocoons 
and Cocoons Adults 

adults 

,---, , 

10011- •••••.•••••••••••• Eastern M8ssacbusetts................ 46, 323, •...•••••••••~••••••••••••.. ,.(. 
11lO9~._•••••••"•••...•••••••do._••••••.•.••_••~_._.~___._••_•• 

. ::) 

Orand total 114,072. 

During the period from 1908 to 1912 A."liparidis wasvery abun
dant in several European cOUntri~ and couJd be imported ill such 
large numbers as to make possible the liberation of foreign adults'in 
New England. Such conditions havenot prevailed in these countries 
during the period from 1922~to 1927,excep'~inginaJo~ation in Poland 
discovered late in the summer of ;1926. With th«rpQssible exception 
of this place and Japanthis,p!l-rasi~ has been sco.iee'and not at all 
an important factor in the control of the'gipsy moth. This D~ade it 
necessary to increase, by reproduction work at the"laboratory;' all 
of the material that waslibetatedin 1922ahd 1923'. 

No colonizations of this species have been made since 1923" as 
several of the colonies which have been liberated appeared to be 
satisfactory, and it was (lonsideredthat from them the species would 
become established if establishment is possible. ' 

RECOVERY AND DISPERSION 

As has previously been stated, this parasite lias never been recovered 
from the field in this country except during the season of its liberation. 
When colonized under satisfactory conditions it reproduces and in
creases rapidly. In 1909, when the parasite was liberated in a territory 
where first-ins tar caterpillars were present, the ,parasite passed through 
two complete generations on the gipsy moth, and again in 1910 it 
succeeded in passing one generation in the field. 

An interesting record of the dispersion of this parasite was obtained 
in 1909 when (14, p., 196) "a bona fide example of the parasite" was 
recovered "upwards of a.mile away" from the point of liberation in 
less, than one week from the time of colonization. The adultS of this 
Apanteles are rather delicate and not long-lived, and 0. record of this 
kfud indicates the rapidity of dispersal of even these small insects. 
The fact that this species has sev~ral generations annually would 
increase its dispers81 each year very considerably. 
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VALUE OF-AEANTELES LIPARIDIS 

As an enemy of the gipsy moth in New England this parasite can 
not, at this time, be given any rating. So far as is' .known the species 
is not established, and the work which has been done indicates that 
it can not be established in New England at the present time. How
ever, in connection with efforts to establish this species much infor
mation in regard to it has been obtained, most of which will be of 
considerable value in attempting the establishment of other beneficial 
insects. 

It is probable that its hibernating host would survive. in New 
England sholud it get an opportunity to do so. Many precautions 
are taken by the Federal Government and by some of the States 
to prevent the further introduction of foreign insects into this country, 
and although these precautions undoubtedly prevent and retard the 
establishment of foreign insects, occasionally a new one is discovered 
well established here. Should the hibernating host of this parasite 
ever become established in the area infested by the gipsy moth, it is 
probable that the parasite could then be established. Again, should 
the gipsy moth ever become established in some other part of the 
United States, this important parasite might find in such a location 
a suitable hibernating host so that it could be introduced and 
established. 

METEORUS JAPONICUS Ashmead 

The gipsy_moth parasite Meteorus japonicus Ashmead was recov
ered in small numbers in 1908 and 1909 from gipsy-moth caterpillars 
from Japan. In the winter of 1909-10 a few specimens were received 
from S. I. Kuwana, who reported that it had been a common gipsy
moth parasite at Nagaoka in 1908 "but not in Tokyo" (14, p.191). 
This is another illustration of tlie prominence of a certain parasite in 
one section and its relative absence in another. 

In 1923 a few cocoons were obtained from Japane:;e gipsy-moth 
caterpillars. From several females which were received there were 
reared five unfertilized ones which were used in a reproduction ex
periment. They bred, parthenogenetically, a generation of 400 
females, and these were liberated. The species has not been recovered. 

METEORUS PULCHMCORNIS WesllUel 

The species Meteorus pUlchricornis Wesmael was received from 
Italy and southern France during the early gipsy-moth importation 
work in numbers too few for colonization, and it was not considered 
an important gipsy-moth parasite. 

The recent foreign rearing work does not indicate that this species 
is of much value as an enemy of the gipsy moth. In most cases, 
however, large gipsy-moth caterpillars have been collected to obtain 
tachinids. It is probable that should large collections of the smaller 
gipsy-moth caterpillars be made, a greater variety of the parasites 
of these fustars would result, and some of those which are now re
ceived in small numbers might be obtained in considerably larger 
quantities. In 1922, from a. collection of small gipsy-moth cater'
pillars sent from southern France, two males and two females of this 
species were obtained; these were used in a small reproduction experi
ment, resluting in the colonization of .122 udults. No recovery of 
the species has been made, and it seems doubtful whether it became 
established from such an unsatisfactory liberation. 
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HYPCSOTER SPP. 

There are two distinct species of Hyposoter in addition to Hyposoter 
disparis, which are occasionally reared from gipsy-moth caterpillars 
in Europe. In contrast to H .. disparis, which has a; single generation 
and hibernates in its cocoon, the adults of these species issued from 
their cocoons during the same season that they were fo:tmed. During 
1924 and 1925 some 220 cocoons were received from Spain and 57 
from Czechoslovakia. The adults which emerged were used. in life
history studies, but considerable difficulty was encountered. in inducing 
them to mate and oviposit, and it seemed that they might hibernate. 
They were finally placed in several types of containers for hibernation, 
but the last one died after living 92 days. In the summer of 1927 
a few adults were obtained from cocoons collected in Hungary snd 
in Yugoslavia. 

CAMPOPLEX SP. 

A species of Campoplex was reared in 1922 in very limited numbers 
from a few small gipsy-moth caterpillars sent to the laboratory from 
Hyeres, France, and 25 cocoons were obtained in 1925 from the rear
ing work carried on in Czechoslovakia. . 

PHOROCERA AGILIS RobI_.Desvoidy 

A tachinid parasite of the gipsy moth, Plwrocera agilis Robineau
Desvoidy (Parasetigena segregata of authors,n()tRonrlani), was received 
and colonized to some extent between 1908 and 1910. During that 
period it was not considered of particular value as a gipsy:'moth par
asite, but rather as a parasite of the nun moth, Lymantria monacha 
L. In the recent European parasite work, this species has been in. 
most cases the predominating tachinid parasite of the gipsy moth, 
and has been received at the gipsy-moth laboratory at Melrose High
lands in large numbers. The winter is passed in the pupal stage within 
the puparium in the earth. This species has several hosts and a single 
generation each year. 

FOREIGN D!STRmUTION AND ABUNDANCE 

In the early work P. agilis was received at Melrose Highlands from 
France, Belgium, Russia, and many parts of Germany. During the 
foreign work of the last si."'{ summers it has been received .atthe lab
oratory from Hungary, Czechoslovakia, Yugoslavia, Poland, Bul
garia, and Spain. It is interesting io note the different sections of 
Europe from which this parasite was recovered during the two periods 
of foreign work. The same countries do not appear in both lists.. The 
principal cause for this was the scarcity o.f the gipsy moth in France,\ 
Belgium, and Germany during the latter period. Infestations have 
been reported from Russia during this period, but they have not been 
investigated. In all of these countries except atMoscencia,Yugoslavia, 
this species has been the predominating tachinid parasite of f,he gipsy
moth caterpillars. It has been especially abundant in Hun~ary, 
Czechoslovakia, and Bulgaria. In some cases where several g.psy
moth infestations have been nearly wiped out this parasite has been 
largely responsible, although several other enemies of the gipsy moth 
had a part in this control, especially A. porthetriae and S. scutellata. 

,~ ." 
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LIFE: HISTORY AND HABITS 

The life history and habits of this tachinid have been thorollghly 
investigated by Heinrich Prell (22), of Tharandt, Germany, and T. H;,> 
Jones, of the IDPSY-IllOth laboratory, has also made studies of the 
biology of the speCies. The notes of Mr. Jones and the paper by 
Doctor Prell have been freely consulted in the following treatment. of 
the life history of this parasite. ..... .. 

It is a parasite of\the gipsy-moth caterpillars, has a single generation 
each year, and passes the winter in itspuparium in the ground. The ' 
adult flies issue during the month of May, the males being the first 

FIG. 44.-G1ass cylinders used In rearing tachinids and wirl¥scrcen receptacles for inclo.~ingt1ies
with caterpillars on foliage. (Townsend) 

to emerge; but the females begin to issue before the issuance of the 
males has been completed. 

In .the.German experiments (22) the flies were fed sugar water 
which they took eagerly, but as they died relatively quickly, pieces of 
dry loaf sugarwereput in the cages and water was supplied on sponges. 
This method of feeding was morc satisfactory. In some cases flowerS 
of Umbelliferae were placed in the cages;' and although the flies seemed 
t? feed on the pollen, t?e len~h o.f life was ~ot prol~nged. At the 
gIpsy-moth laboratory mthe life-history studIes, a nuxture of 1 part 
of honey and 2 parts of water, put on pieces of blotting paper or 
sponges, has been used for food for adult tachinids. In the larger ma~ 
ing and liberating cages the method of feeding dry loaf sugar and water 
was used and is discussed in more detail under the topic "Receiving 
and handling of foreign material at the gipsy-moth laboratory" (p. 19). 

In the German e1iperiments glass jars or wire c)':linders of about 1 
or 2 quarts capacity, similar to the ones used by Townsend (fi~. 44), 
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were found satisfactory as small cages for the life-history work. .At 
the gipsy-moth laborlttory each fertilized female was placed in a 
glass tube; 2 by 8 inches, with food and a crumpled piece of crepe 
paper. These tubes were kept in darkened trays in an outdoor in
sectary while the females were not being observed. In order to obtain 
oviposition the tubes were placed in the light and a gipsy-moth cater
pillar was inserted into the glass tube with the tachinid. After ovi
position had taken place the caterpmar was removed and another one 
mserted. The parasitized caterpillars were kept in small individual 

, 	cahs (fig. 16, E), or in trays (fig. 17), where they were fed until the 

issuance of the parasite larva. 


There seems to be considerable variation in the time of eme:rgence 
of the adults ~ the ~pring. In some hibel,nation eJg>eriments,~hich 
have b!len carrIed on m the yard of t~e laboratory. the fir~t males w~re 
notedm 1925 on May 29. Up to this date the hibernatU1gcag~ had 
not been disturbed. When these a:dUlts,were obserVed the cage was 
removed and females issued:l.lp to Jun.e 8. The same year, in another 
experiment, a cage containing 25 puparia 'was removeQ: from' the- seil 
on May 29, and 8 males were found to h~ve issued, 3 'of. Which were 
still alive; the others appBttred to have died rece:ntly . ''rne remQin
ing puparia were placed iIi moist sand and 13 fenialesis.Sued from ~ay
30 to June 3. 	 . . ..,.' ',.' . 

The emergence records of adUlts from the large supply of puparia 
of P. agilis do not add much to this information, for they are; dis
turbed in the spr~? which may hasten or retard this emergence. 
They are placed in hibernation during the summer. and are removed 
in the spring to recover the adults. In 1925 the first hibernating cages 
were removed from the soil to the rearing room on April 20, and 
the flies began issuing. April 25 and continued doing so until May ,30, 
the heaviest issuance occurring between May 2 and May' 21. The 
next iear the ca~es were not. removed from Jrlbernati?n until ~ay
10 and the :first flies were obtamed May 11. They continued to Issue . 
until June 12, the bulk of the emergence taking place between May 
18 ltnd :May 30~ In1927 issuance was at its ·height. froin May<20 to 
June 4. . .,' 

There is undoubtedly considerable variation in the emergence' of 
the Hies in the spring, even under natural conditiQns. It is probable 
that those flies which have hibernated in warm, protected placeS issue 
in the spring before those which are in cold situations. 

The ilies are rather large, quiet insects. In the experiments, both 
here and in Germany (22), they have lived from a few days to six or 
more weeks. Two specimens lived 46 days and one 51 days at Melrose 
Highlands. The average length of life at the la.boratory was 23 days. 

In experiments carried on at the gipsy-moth laboratory with 41 
mated females, one of them began oviposition 5 days, another 6 
days, and two 7 days after issuing and mating. The oviposition of 
the others continued for another two weeks. When the female is 
ready to oviposit the act is nearly instantaneous. She appears merely 
to strike the caterpillar with the end of her abdomen. With each 
stroke an egg is usually but not always deposited. In captivity the 
adults copulate readily soon after issuing. Copulation may occupy 
from half a minute to one::-half or three-quarters of an hour. Freshly 
emerged females mate more readily when confined with males which are 

http:issued:l.lp


GIPSY MOTH AND BROWN'-TAIL MOTH INSECr:r ENEMIES 107 

2 or 3 days old. It is no.t unusual for the males. to mate often during 

their life, and the· females may mate several times. Doctor Prell 

(22) considers that the longer copulations lire necessary in order- to 

fertilize the female entirely, and that fertilization is necessary for the 

development of the eggs. . 


The gestation period varies according to temperature and· other 
factors, one of which probably is the food of the parltsite during this 
period. In experiments carried on at the gipsy-moth laboratory the 
period ranged from five days to two weeks or more.· According to 
the GermiUl experiments,. the period of gestation of some flies held 
in a. room temperature of 61 0 to 680 F. was about 12 days. A few 
fertilized females held in a temperature of 540 to 550 F, for about three 
weeks did not deposit eggs at the end of that period.

In an experiment at the gipsy-moth lab- ~ 
oratory in whieh 41 flies were used an ~?F~75~~m1ffl 
average of 36 eggs were laid, with recoi'ds 
of 103, 118, and 131 for three individuals. 
In Germany (22, p. '17, 78) records were 
obtained of one female laying 158 eggs and 
of another laying 166 eggs. Doctor Prell 
states that in nature the species has a capac
ityof over- 200 eggs. 

During the warm days of May and June 
the parasite oviposits readily on the cater
pillars. The eggs are usually placed dors
ally (fig. 45), and 011 the anterior part of the 
host. 'rhe greatest number of eggs deposited 
in the German experiments in a single day 
was 28, with an average of 4.6 eggs per day. 
In good weather many flies probably deposit 
between 10 and 20 eggs a day during their 
period of ma...amum oviposition. 

There is a gr.eat waste of eggs by this tach

inid, as several are often placed on the same 


" host, although rarely does more than one para
'site maggot mature from a single caterpillar. 

. 1923 d 1924 M W bb r FIG. 45.-Eggs of Phorocera agUf8In H ungl!-ry'. ill an . ,r. e e on gipsy.moth caterpillar, X l~ 
and the JUlllor author noted many second
instar gipsy-moth caterpillars bearing several eggs of this tachinid. 
Therasult was that in most cases the small caterpillars died before any 
of the parasite maggots. could develop. Furthermore, several eggs were 
observed in many cases on caterpillars from which Apanteles porlhe
triae had issued and which were already destroyed. In one case at 
least, Mr. Webber saw a fly oviposit on a gipsy-moth caterpillar to 
which was attached a cocoon which had been constructed by an Apan
teles larva after issuing from the caterpillar. 

The elongate-ovoid eggs vary somewhat in size and form, but most 
of them are rather large, white, and conspicuous, measuring, accord
ing to Prell (22, p. 70) from 0.7 to 0.85 millimeter in length and from 
0.37 to 0.43 millllneter ill width. Dorsally they are strongly convex, 

and ventrally rather. flat. The chorion is thick dorsally but the 

underside is thin. The whole egg is covered with a,. fine network of 
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deJicL\te.lines forming polygonal areas. The period spent in the egg 
varies considerably, depeniling largely upon the temperature. On 
warm d.Il.Ys, according to Prell (22), toward the end of May.; when the 
average. temperature was 68° F., three days were required for the 
hatching of most of the eggs. Further investigations indicated that 
the maximum hatching occurred on the second' day after deposition, 
although a few hatched .the first day and some not till several days 
afterwards.:1 

Upon hatching, in the majority of cases, the tiny maggot :~ters the; 
body of the caterpillar close hy the egg. The actual enteIW~of the 
host may be accomplished in a few minutes, but usually from a 
quarter to half an hour is required. The development of the tachinid 
maggot within its host has been very carefully descrilx>,d by Prell, 
and it is merely outliued here. Within its host it passes through 
three larval ins tars. It is attached by the JlOsterior end to the cater
pillar at· the point of entrance. The larval instars are passed within 
a chitinous funnel and delicate sac surrounded with a thick layer of 
blood cells. In the experimental studies at Melrose great variation 
was found in the length of time spent in the different larval instars as 
shown by the following data: One lot consisting of 173 gipsy-moth 
caterpillars were parasitized June 4. On June 20 third-instar maggots 
began to issue and on June 23 an apparently healthy caterpillar of 
this lot was dissected and found to contain a .first-instar maggot. 
T~e perio~ required f?r the entire development, fro!ll the time t~e 

egg IS depOSIted to the ISsuance of the maggot from Its host, vanes 
considerably, ranging from 16 to 35 days in observations at the gipsy
moth laboratory:. In the majority of cases the thh·d-insta.r maggots 
issue from the large gipsy-moth caterpillars, although occasionallY.' 
they issue from the pupae. Upon issuiitg the maggots enter the soil 
and here pupation takes place. The winter is passed within. the 
puparium in the pupal stage. 

In Europe this tachinid is one of the principal parasites of the nun 
moth, Lymantria monac71a L., as well as of the gipsy moth. At the 
Melrose Highlands laboratory it has been reared in experimental work 
from the satin moth, Stilpnot'ia salicis L., and from the te.nt caterpilla:r, 
Malaco8oma americana Fab. 

INTRODUCTION .AND LIBER4TION 

The first P. agilis which were noted at the gipsy-moth laboratory 
issued in the spring of 1908 from hibernated puparia which were mixed 
with puparia of Sturmia s~eUata. There were only a few of them 
and they were used in biological studies. A fewpupana wero obtained 
during the summer of 1908, but there were not enough flies in the 
spring of 1909 to make a colony. In the summer of 1909 several 
thousand puparia were received from Europe. The number is not 
known, for they were mL'{ed with pupariaof Stunrua and two species 
of summer-issuing tachinids. The adults of the two multibrooded 
tachinids issued during the summer, leaving an apparently healthy 
lot of puparia of P. agilis and S. 8~eUata. Later during the summer 
several hundred P. agilis puparia were received which had been 
reared in Europe from caterpillars of the nun meth. These ~uparia 
were added to those received earlier in the season and all placed in 
hibernation at the laboratory:. In the spring of 1910 the adults 
which emerged were liberated: 

~ 

, 
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'l''here were no more introductions. of this species until 1923. Th8~ 
year, and each succeerung year, 11rge numbers of puparia weri(' 
received at the gipsy-moth laboratory as a result of the rearing work 
whichha~ been carried on in Europe during tHe last fewyears. Ta.ble 
26 gives tlle numbers of P. a;gilis puparia which have been placed in 
hibernation at the Melrose laboratory. 

TABLE 26--Nutl'loers of foreign Plwrocera agilis puparia MbernaJ.edat Melrose; 
. Mass., 1928 to 1927 

Source 

Year '[ . J Total 
Hongary s?:J~ ;Ja~~ P9Jan~ BulgarIi!. Spain 

1 
1-923__-_______-_______-______-_____• 26,. 311 _____~___ == _________ =-=--;-.311________j._~ 
1!l24 _____ .____________________ 26,998 __________ 12,517 408 9,154 6 49,~ 

~~:::::::=:::~::::::::::::::: ~~~ ____~~_ :::::::::: :::::::::: :::::::::: ______~_ ?:;m 
y. 1m_____________________ u_____ 25, 616 u________ 823 23, 758. __________ --------ul 50, 197 

.TotaL_____________.______ 177,453 6, 332 13,340 24,166 9,154 641 231, 086 

These figures do not represent the total puparia of P. agilis which 
have been introduced, for some damaged ones were discarded when 
the materirJ was sorted for hibernation. 

Reference to Table 27, which gives the yearly colonization of this 
species, shows a heavy mortality within the puparia. A great deal 
of this mortality occurs before the puparia are placed in hibernation, 
although it does not show until ilie following spring when the sur
viving adults issue. When these puparia are being sorted for hiber
nation many dead. ones are included and placed inhibernation with the 
living ones, as ifis difficult to distinguish between them. 

The mortality is due to many factors. The material has to be 
handled several times and many of the puparia, although only 
slightly injured, are dam~ed enough to prevent the adults from emerg
ing. When the maggots are removed from the trays in Europe they 
are placed in damp sawdust, and. here the puparia are formed. Very 
often the puparia'are formed in the bottoms of the' trays, which is 
unnatural but una'Voidable. During the height of the issuance of tb,a 
m~gots the puparia are formed quickly, and even when the trays 
are picked over several times a day about as many pupana as m~gots 
are found. The puparia are placed .in a box with the tachinid maggots 
in damp sawdust. Shortly afterwards they must be removed snd ""l 
packed in small boxes in damp sawdust for shipment to the United 
States. There is more or less Jarring of the material during transit in 
the mails, some of which results in dam~e to the insects. The mois
ture condit.ions of the sawdust in which they are transported is con
sidered the greatest cause for the large mortality. Records indicate 
that a considerable degree of moisture is necessary for the woll-being 
of the insect within its puparium. Perfect moisture conditions are 
hard to secure, and more difficult to maintain, in the packages which 
usually are in transit for two weeks, and occasionally for longer periods. 
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COLONIZATION 
, H 

Under the preceding topic, "Inti-odhctiQn~and Liberation/, have 
~en manti4:med the foreign puparia of· P. agilis which. were carried 
'through the winter .at the gipsy nioth laQoratoryandfrom which 
adults were obtained for liberation. TablEl"27 shows the total cblo
niZations of this species. ' '',,' 

TABLE 27.-TQtal colonization in New England ~r PhoTocera agilis 

Liberated 
Year Town 

Females I Males 

J9JO__ ~~________________ AndOver; MBSS________,,::;_____________________________ _ 542 641 
850 200 
400 0 
350 0 

1,005 Il25\\::~~~~~--~~~~~~~~~~~~~~ i¥~;~~~~~~~t~~~~~l~~t~~~~~~~~~~~~~~~~~~~~; 2,000 ' 3002, 265 ____ __ __~ ~ 

1,000 _________ _~=:li,~~:..:==:=::::::::;::=::=::::::::::=::=::::: 1. OJO __________ 
11l26____ ~______________- R~~tg~e,NM::s::3:=:::::::::::=:::==::=:::::=:=::==::: ._.415 462 

Brewster, MBSS ________________~_-----------------_------ , 1,'030 205 
1927'___________________ Boxford, f'IBSS------------------------~------------,------ . 2, 665 2, C80 

TotaL____________________: ____________________________________________________1 
)3, 032 4,813 

Orand total, 18,445. 

I Most orthe females were mated with males .before liberation. 


,-.r;: " , In addition tCl the number o[ adult plU'aSitcs liberated, 2.278 parasitized caterPillars, were colonized. 

FIG. 46.-SIx colonlzntlon cages leaving the laboratory at Melrose Highlands. with colonies of adult 
tachinid parasites for Iiberation~ Note ,that each cage is wrapped with black paper to keep the 
cages'dark,., ' , 

(; 

After the females have been fertilized and placed in a colonization 
cage (fig. 9), they are taken by a.utomobile (fig. 46) to a place suitable 
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f(,\r liberation. Just before the" cages leave the laboratory they are 
wrapped in.black paper to keep them dark and the flies quiet. A large 
variety of locations with different degrees of gipsy-moth infestation 
have been chosen as liberating sites for. the parasites. The cages 
containing the adult parasites are constructed so that a portion of one 
side can be easily removed to allow the flies to escape. The location 
of each colony is marked on a blue"print map Of the town for the 
laboratory files, and on a tree in the field with white paint. 

RECOVERY AND VALUE OF PUOROCERA AGILIS 

Although many collections of gipsy-moth caterpillars have been 
made each year near the colony SIteS of this parasite, no positive 
evidence has been obtamed to show that it has successfully lived 
through a winter seaSOll. This does not prove that the species is 
not already established, and no reason is known why it should not 
become established in this country. Its European range is large 
and varied, including areas where the climate is similar to that in 
parts of New England. Tho fact that it has only a ~ingle generation 
and apparently· needs no other host than the gipsy-moth leads to 
the belief that this species should become established here. As has 
been shown, it is a valuable parasite in Europe and should prove to 
be a fine addition to the parasites of the gipsy moth that have already 
been established in this country. 

TACHINA LARVARUM LilU18eus 

The multibrooded tachinid Tachina larvarum Linnaeus is a parasite 
of both the brown-tail moth and the gipsy moth in Europe, apparently 
being of more importance as an enemy of the latter. It was one of 
the first parasites to be received from Europe, and although it haS 
been colonized several times no positive recovery of it has been made. 

FOREIGlf DlSTRIBUTION AND ABUNDANCE 

It is widely distribu'~ed throughout Europe, and has its counter
part in Japan. '1'his species has been reared at Melrose Highlands 
from gipsy-moth cat!:}rpillats collected in Spain, France, Belgium, the 
Netherlands, Germany, Austria, Hungary, Switzerland, Italy, and 
Russia. 1n Europe it has been reared during the recent foreign investi
gations in Hungary, Czechoslovakia, Poland, Portugal, Bulgaria, and 
Yugoslavia. 

In some of the early importation work this species was recovered 
in numbers which suggested that it was one of the most important 
enemies of the gipsy moth. It was not only recovered from many 
separate collections, but one lot of caterpillars from the Netherlands 
produced more puparia than there were hosts in the package, and a 
similar condition was found in a box of caterpillars from Italy. 

Durmg the foreign investigations of the last few years in central and 
southeastern Europe this species has been the next in importance to 
P. agilis and Sturmia scutellata as a tachinid parasite of the gipsy 
moth, but in Hungary in 1927 it was next to P. agilis in abundance, 
while in Yugoslavia it was second only to Compsilura. 
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LIFE HISTORY AND. HABITS 

The life history of this tachinid has not been studied in detail at 
the gipsy-moth laboratory. It has several generations annually and 
appears to need an alternate host. It deposits its rather large, con
spicuous -eggs on the caterpillars, and the maggots upon issuing immedi
ately enter the host. The mature maggots usually leave the cater
pillars before they pupate, although occasionally they issue from 
gipsy-moth pupae. Some of the earlier work with this species indi
cated that it occasionally pupated within the body of the caterpillar 
or pupa, but recent experiments carried on at the gipsy-moth labora
tory show that it always issues from its host before pupating. In 
this respect it ditfers from Tackii.::], mella Walk.., which pupates within 
the body of the caterpillar or pupa. These two closely allied species 
have been studied. at the gipsy-moth laboratory by T. H. Jones and 
W. F. Sellers, who have noted charaore'ristic differences in the mouth 
hooks of the first larval instars. 

INTRODUCTION AND COLONIZ/.TION 

A few adults were liberated in 1906, 1907, and 1908, but in rather 
small, unsatisfactory colonies. More satisfactory numcers were liber
ated in 1909, 1910, and 1911. Up to this time 3,363 were recorded as 
having been liberated. There were no more liberations until 1.925. 

More puparia of this to.chinidhave been sent to Melrose Highlands 
from Europe during the last' three years than of any of the other 
m:ultibrooded species. These came as pupa-ria p'acked in small b?xes 
WIth damp sawdust. They were reared from gipsy-moth caterpillar 
collections at the temporary stations at Hungary, Czechoslovakia, 
Yugoslavia, Poland, and Portugal. In 1925 the puparia were removed 
from the trays each day and sent to the United States every two or 
three days as they accumulated. In 1926 European rearing work was 
carried on only in Hungary, where there were two temporary stations. 
This year the puparia were not only removed from the trays each day, 
but· during the height of the tachinid issuance they were shipped daily 
to Melrose Highlands, as has bee_n explained in the discussion of th~ 
recent foreign work. The results obtained by shipping material every 
day are very gratifying and are indicated by the liberations made. 
In 1925, 3,001 T.larvarum were colonized in New England, and in 1926, 
16,749 adults were liberated. In 1927, 19,039 more were colonized. 
When these were received they were placed in the. emergence and 
mating cages (fig. 8,B, C, D) and liberated after ~\ating. 

The total colonizations of T. larvarum in New England between 
1906 and 1912 amounted to 3,363; and from 1925 to 1927, inclusive, 
38,789 or a grand total of 42,152. 

VALUE OF TACHINA LARVARUM 

The species has not been positively recovered. Dw-ing the summers 
of 1~268.nd 1927 it was colonized much more satisfactorily thltn at 
any.i)revious time, and may now be established, although proof of 
this Ina), ~ot be obtained for several years. It is one of the most 
important enemies of the gipsy moth in central and southern Europe, 
and its establishment here, if that is possible, should assist consider
ably in the biological control of the gipsy moth and the brown-tail 
moth. 

http:1~268.nd
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LYDELLA NIGRJPES Fallen 

The tachinid Lydella nigripes Fallen was received and liberated in 
small numbers in 1906, 1907, and 1911, and in satisfactory numbers 
in 1909. In 1925, 214 adults were liberated; in 1926, 2,198; and in 
1927,3,068 more. These were obtained. from gipsy-moth caterpillar 
collections made in Hungary, Yugoslavia, and. Poland during these 
years. 

The earlier work with this species showed it to be a very important 
parasite of the brown-tail moth in Europe, and it was reared in this 
country from shipments of large caterpillars of this insect which were 
collected in Spain, France, Belgium, the Netherlands, Germany, 
Ozechoslovakia, Austria, Hungary, Switzerland, Italy, and Russia. 
During the last few years it has been encountered as a gipsy-moth 
caterpillar parasite in the tray work at Debrecen, Baja, Galgamacsa, 
Simontornya, Olaszliszka, and Doboz, Hungary; Rembertow, Polandi 
and Moscenica, Yugoslavia; and a record was obtained of its being 
reared from the brown,.tail moth in Yugoslavia. 

This species is very similar in appearance and habits to Oompsilura 
concinnata, being a larvipositing species. It has several generations 
annually and has been recorded. as a parasite of a large number of 
hosts. 

A total of 10,692 adults have been liberated in New England. Those 
which were put out in 1926 and 1927 had been mated and they may 
have become established, although no positive recovery of the species 
has yet been made. The later colonizations ma}~prove successful, but 
there will be little opportunity to establish thIs. faht for a year or 
possibly several years. The fact that Oompsiluta, which has such 
similar habits, is well established would indicate that this species, if 
liberated in sufficient numbers and under favorable conditions, should 
also become established. 

STURMIA INCONSPICUA I\feilea 

Sturmia inconspicua Meigen, called S. gilva Hartig in earlier 
American literature, is another one of the multibrooded tachinids 
which has often been encountered during the recent parasite inves
tigations in Europe. It has several generations, and has been recorded 
from a number of hosts. Between 1906 and 1911 it was reared 
at the gipsy-moth laboratory from gipsy-moth caterpillars which 
were sent from France, Italy, Russia, and Germany. During the 
last few yea~is it has been bred from gipsy-moth caterpillars in rear
ing trays at Bochnia and Rembertow, Poland; Beli Manastir and 
~loscenica, Yugoslavia; Debrecen,Baja, Simontornya, Olaszliszka, 
Doboz, IJ.nd Galgamacsa, Hungary; and Belki, Ozechoslovakia. It. 
was one of the principal parasites of the gipsy moth at Rembertow, 
Poland in 1927 and appears to be more plentiful in the north. 

It was doubtfully colonized in 1906, larger numbers were liberated in 
1909, and a few more were colonized in 1911. In 1925 about 1,150 
adults were liberated. These were obtained by rearing them from 
one of its hibernating hosts, Lophyrus pini L., collected near Bochnia, 
Poland. The details of this work have been given under the dis
cussion of the foreign work for 1925. When these puparia arrived 
at Melrose Highlands they were put into the tachinid rearing cages 
where adults could emerge and become fertilized. They did not 

1781°-29---8 
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mate readily and were rather inactive, but were kept at the labor
atory for a number of days so that a large number of the females 
could be fertilized before liberation. The puparia came packed 
in damp sawdust and were kept in cold storage during the ocean 
voyage. SUbjection to the cold for some 8 or 10 days may have 
been the cause of the inactivity of the adults. Over 15,000 puparia 
were received from Europe in 1927, resulting in the liberation of 
4,698 ·adults. Most of the puparia were reared from gipsy-moth 
caterpillars in Poland. 

A total of 13,364 adults have been liberated. The species has 
not been recovered and whether it became established as a result 
of the colonizations of 1925 and 1927 is not known. 

TmCHOLYGA SEGREGATA Roildanl 

The tachinid Tricholyga segregata Rondani, referred to as T. 
grandis Zetterstedt in earlier American literature, is a parasite of 
the. caterpillars of the brown-tail moth and more commonly of the 
gipsy moth, and also of several other insects. It is very similar to 
Tachina. larva rum and T. mella, but in contrast to T. tarvarum it 
usually pupates within the host caterpillar or pupa. 

It was reared from collections of gip~y-moth caterpillars and pupae 
from southern France, Belgium, the Netherlands, Germany, Czecho
slovakia, and Italy during the years between 1906 and 1911. The 
most recent European work has shown it to be present in Spain, 
Portugal, northern Africa, and, sparingly, in Bulgaria. 

During the early colonization work it was confused with Tachina, 
and the two species were mixed in the liberations so that the exact 
number which were colonized is not known. A few were liberated 
in 1906 and 1907, a rather large colony was liberated in 1909, and 
in 191:.: a few. The total liberations for the early work aqlounted 
to 8,766. In 1924 72 adu1ts, in 1925 145 adults, and in 1927 340 
more, which came from Spain, Portugal, and Algeria, were colonized, 
making the total liberations of T. segregata 9,323. 

This species was doubtfully recovered in 1909, at the site of the 
summer colony, but it has not been recovered since. 

CARCEUA SEPARATA Rondani 

Oarcelia 8eparata Rondani, referred to as O. gnava Meigen in 
previous literature, is another gipsy-moth parasite which has several 
generations each year and a variety of hosts. It was doubtfully 
colonized in 1906 ll~d a few were liberated in 1907 and 1908. In 
1909 it was receivbd in gipsy-moth caterpillar collections in large 
numbers from southern France, and in smaller numbers from Ger
many,. Czechoslovakia, Austria, Hungary, and Italy. In 1910 II; 

few were colonized, and in 1911 a small number which came from 
Italy were liberated. No more were colonized until 1925, when 167 
adults were liberated. 

This parasite was reared in 1927 from the gipsy moth in several 
countries in Europe, but most of the 1,106 adults liberated in New 
England that year were obtained in Hungary from collections of 
larvae of the satin moth, Stilpnotia salicis. 

This species seems to be rather local, and has never been received 
in large nllI:lbers except during the shipments of 1909. It has not 
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been noted as an important parasite of the gipsy-moth caterpillars 
: during the last few years' investigations in Europe, but has been 

;J! recovered from Spain, France, Czechoslovakia, Bulgarlll, Yugoslavia, 
, and Hungary. 

A total of 17,061 adults have been liberated, most of which were 
colonized in 1909 when the species was received in large numbers 
from gipsy-moth cltterpillar collections from southern France. The 
species has not been recovered. 

According to Muesebeck O. separata Rondani and O. gnava Mei~en 
have been confused and the tachinids which were reared from Stilp
notia salicis and liberated in 1927 were O. gnava. 

ZENILLIA UBATRIX Panzer 

The tachinid Ze'(I,illialibatrix Panzer appears to be more a parasite 
of the brown-to.illiloth caterpillar than a parasite of the gipsy moth. 
It has been recorded as a parasite of several other insects. It is one 
of the species which has the habit of depositing its eggs on the foliage 
to be eaten by the caterplllars. Only limited studies of its life history 
have been made at the gipsy-moth laboratory. A few have been 
reared from gipsy-moth caterpillars in the recent foreign work, and 
these have been used at the gipsy-moth laboratoI7( in experimental 
work until 1927, when 327 adults were colonized. This species has 
been liberated in smlill numbers (only 504 individuals altogether). 
From 1906 to Hno only 177 adults were liberated. They were ob
tained from brown-tail-moth caterpillars which came from France, 
Germany, Austria, Hungary, Italy, and Russia. In 1927 a few were 
renred from gipsy-moth caterpillars in Hungary, but most of them 
came from Y ugoslo.via. 

CROSSOCOSMIA SERICARIAE Coronalia 

The tachinid parasite, Orossocosmia sericariae Coronalia, of the silk
worm in Japan was reared in considerable numbers from gipsy-moth 
pupae by J. N. Summers while he was studying the parasitism of the 
gipsy moth in that country during 1922 and 1923. In its habits and 
life history it is so sinlilar to Sturmia scutellata, which is now well 
established in this country, that no serious attempt has been ;'m.ade 
to introduce the species. During both years it was an important 
gipsy-moth pupal parasite, and in some collections nearly all of tho 
pupae were killed by it. Doctor Summers states that it plays in 
Japan about the same r61e of importance that S. scuteUata does in 
this country. 

It was first received at Melrose Highlands in 1908, when a few 
puparia were found in shipments of Japanese gipsy-moth pupae. 
The following spring no adults emerged, owing to the poor condition 
of the puparia when they were received. In 1909 more puparia were 
recovered from gipsy-moth pupae sent from Japan, and from these 
a few adults were reared the following spring. These were colonized 
in New England with a few adults of a species of Crossocosmia sent 
from France which were apparently identical in structure with the 
Japanese form. A total of 700 adults of Crossocosmia were liberated 
during 1910. It has not been liberated since, and has never been 
positively recovered. 
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PUPAL PABA-SITES 

BRACHYMEMA UfloERMEDIA CNIU) 

The species Brachymeria intermedia (N ees) has been described at 
some length by Howard and Fiske (14)··under the name of 0Iwlcis 
jlavipes P·anzer. More recent investigation shows that this was a mis
identifi!,}ation, and that Brachymeria intermedia (fig. 47) was the one 
they discussed. The life-history studies, however, which were made at 
that time to prove that it was a primary parasite of the gipsy-moth 
pupae (fig. 48) seem W have been substantiated by recent studies. 

During the early investigation eight different species of Chalcis 
were encountered in the gipsy-moth work and as some of them were 
positively mjurious the good and bad were destroyed together. In 
1908 and 1909, after there seemed to be little or no doubt as. to the 
relation of B. intermedia to the gipsy moth, a few were colonized. 
Thi~ species was recovered from gipsy-moth pupae received in 1911 
frOID. Hyeres and Charroux, France, and in large numbers from Sora, 

Orsomarso, and . Cal
tagirone,Italy. It was 
a very importan t 
gipsy-moth en em y 
that year in Sicily, 

. and from about 16;500 
gipsy-mothp u p a e 
which were sent to the 
laboratory at Melrose 
Highlands 15,567 adult 
parasites we reo b
tained and colonized. 

In 1924, 307, and 
in 1925, 956 B. inter
media were recovered 
from gipsy:..mothpupal 

FIG. 47.-Brachumnia inkrmedl4, sdnlt, X 11 
collections which were 

sent to Melrose Highlands from Spain. From collections made in 
Portugal, 1,775 were obtained in 1925 aIid 37 specimens came from 
Hungary. These have been used in studying the life history of this 
species. During the summer of 1924 the B. intermedia from Spain 
were used in some reproduction experiments on gipsy-moth pupae, 
which resulted in rearing 255 adults. The foreign stock and the 
adults reared at the laboratory were placed in different types of 
cages for hibernation. A few females of both the imported. stock 
and the bred stock lived through the winter and were used in further 
reproduction studies. 

Again in 1925 the foreign B. intermedia were used in investigating 
the habits of this species and over 2,000 were hibernated at the 
laboratory. Of these only 198 females lived through the winter. 
These were used during 1926 in reproduction experiments. 

Usually only one adult issues from a host. The females are ready 
for oviposition shortly after emergence. The period from the time 
of oviposition to the adult stage ranges from 20 to 40 days, according 
to Muesebeck. There are annually one complete generation and a 
partial second one, and females of both generations live through the 
winter. 
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Many reproduction. experiments have been tried during the last 
few years by Mr. Muesebeck and Mr. Dowden in investigations to 
determine whether this species ever acts as a secondary parasite. In 
nIl cases the evidence is in favor of the parasite. It has been hred 
freely on gipsy-moth pupae which were reared in ah insectary from 
the eggs and were positively free of any other parasite. It has also 
been. reared as a primary parasite from pupae of the tussock moth, 
Hemerocampa leucostigma. Attempts have been made to have it 
parasi tize brown-tail-moth pupae, but these have given negative resul ts. 

Brachymeria intermedia has been induced in e.'{periments to attack 
puparia of Sturmia scutellata. This always appears to be done reluc
tantly. Several experimen.ts of this sort have given no reproduction 
by Brachymeria intermedia and dissections have shown perfectly 

FIG. 48.-Gipsy·moth pupae showing exit holes of Brachumeria inttTmedia, X l~ 

formed nymphs of Sturmia 8cutellata. In one experiment 19 S. 8cutel
lata puparia were apparently attacked. Later these were dissected 
and 1 of them showed no parasitism, 11 of them were perfect nymphs, 
and 7 contained Brachymeria larvae. These Sturmia puparia had 
been collected in the field and although it seems likely that these 
larvae were Brachymeria intermedia, they may have been Brachymeria 
compsilurae, which is an important native parasite of Sturmia 
scutellata. 

In experiments in which. this parasite had a choice of parasite-free 
gipsy-moth pupae and gipsy-moth pupae which contained Sturmia 
maggots, the parasite invariably chose the parasite-free pupae for 
oviposition. Records have been obtained of Brachymeria inter
media attacking gipsy-moth pupae which contained maggots of 

http:experimen.ts


118 TECHNICAL BULLETIN 86, U. S. DEM'. 0....' AGRICULTURE 

Stunnw, scuteUata, but in no case has Brachymeria intermedw,. repro- . 
duced under such circumstances. 

The data which have been. obtained, only a part of which are given 
here l indicate that B. intermedw, is. a. primary parasite of the gipsy 
moth, and.thatthereisnodangerinvolved inliberatingit in this country. 

There have been 20,798 adults of this species liberated, most of 
which were colonized in 1911, but 644 of them were colonized in 1927. 
The species evidently did not become established from the. early 
colonizations, but this fact does not prove that it can not be estab
lished. The liberations were made late in the :'!eason in a- rather 
limited area near Boston. Itseem.s likely that this species might 
survive ID the southern part of Massachusetts, where the conditions 
are more like those in thec:ountries from which this parasite has 
been obtained in greatest abundance. 

BRACHYMEmA OBSCURATA (Walker) 

Brachymeriaobscurata (Walker) is a Japanese gipsy-moth pupal 
parasite very similar in habits to the European Brachymeria pre
viously discussed"and much of that which has been said. of it applies 
equally well tp B.'obsCurata. This species has been received in small 
numbers from gipsy-moth pupal collections from Japan. A few were 
colonized in 1908 and 1909. :Quring the summer of 1923, J. N. 
Summers brought sey-eraI living adults of this species to Melrose 
Highlands from Jayari. An examination of the gipsy-moth pupae 
from which theY,: "d,eyeloped indicated. that they had developed as 
primary parasites.- In a small reproduction experiment carried on 
at the gipsy-moth laboratory a new generation was developed on 
gipsy"'moth pupae.. Unsuccessful attempts were made to have them 
reproduce on severalrtachinid puparia. . 

Some of the adul.ts were placed in hibernating quarters in the labora.
tory ,ard while ot~ers were kept in the cellar of the laboratory. 
All 0 those in thelo.boratory yard died after being exposed to temper
atures below zero .. The last of those in the cages kept inside died 
March 24. .' 

The investigations which have been made of the habits of this 
species indicate that it is a beneficial one, and although it failed to 
survive a winter in captivity at Melrose Highlands, it might find 
conditions more favorable for its establishment in the southern part 
of the area infested by the gipsy moth. . 

ENEMIES OF THE CATERPILLARS ANn PUPAE 

CALOSOMA INQUISITOR LinDaeus 

The beneficial beetle Oalosoma i1UJuisitor Linnaeus was introduced 
and liberated in small numbers dunng the early gipsy-moth investi
go.tions. It has been observed in Spain, Hungary, and Czechoslo
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vaKia in rather limited numbers during the last few years. fua ship
ment of 741 beetlE}<J fI'om Spain in 1924,599 were alive upon arrival 
at the laboratory. These were used in life-history studies and 18 
larvae which were reared from tiiem at the laboratory were colonized. 

This species hibernates in the adult stage. The beetles are good 
climbers and in Europe are occasionally seen in the trees, even on the 
foliage, where they feed to some extent on gip&y-moth caterpillars. 
The larvae do not climb. The larger ones feed on gipsy-moth pupae, 
but the smaller ones prefer softer pupae than those of the gipsy moth. 
T'he studies which have been made do not indicate that this species 
would ever become animportant gipsy-moth enemy in New England, 
but in some locations in Europe" where the gipsy moth lays practi
cally all of its eggs on the undersides of stones on the ground, It may 
be one of the important factors in the control of this insect. 

XYLODREPAQUADRlPUNCTATA Sc:hreber 

The beetle Xylodrepa quadripunctata Schreber has attracted con-: 
siderable attention during the last two or three years in the gipsy
moth investigations. It has been found fe~ding to a small extent on 
gipsy-moth caterpillars in Spain, Hungary, and Czechoslovakia. A. 
few adults were received in 1.924 from Spain, and in 1925 a few more 
came from Spain 'and Czechoslovakia. Of these, 100 adults were 
liberated,as also were 15 larvae which were obtain,ed from repr~ 
duction work at the, laboratory. More adults were received from 
Hungary in 1926. Only 370 living' adults have been received at'the 
laboratory. These have been used in reproduction work and for 
investigating the life history and habits of this species. 

In these studies the beetle passed the winter in the adult stage and a 
complete generation was reared. The adults climb trees and feed on 
gipsy-moth caterpillars, but seem to prefer soft-bodied insects. The 
larvae are ground-feeding, insects and do not climb. When confined, 
with gi:psY-I?oth pupae th~y will f~ed on them. These investigatil?ns 
of the life history and habIts of this predator, however, together WIth 
the observations which haVe been made in its native.lands, indicate 
that it is not an importan't enemy of th~ gipsy moth. ' ' 

, < 

HABROCARABUS LATUS DeJ,. vBr. gonge!eti Reiche 

In Spain during March and April of Hl24, adults of the beetle 
Habrocarabuslatus Dej., var. gougeleti Reiche, were found commonly 
under stones where they had passed the winter. It was reported to 
,be an important enemy of the gipsy;jnoth ,'and 1,039adu).ts were 
collected and sent to Melrose Highlands. Of this number 719 were 
living upon arrival. Th6'Y were used for life-history st~dies. It is a 
terrestrial fonn, and the lhuiied studies. which have been ;made of it 
do not indicate that it is an important gipsy-moth enemy.· No libera
tions ot it have been made in this country. 

',' 
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FOREIGN ENEMIES OF THE BROWN-TAn. MOTH POSI.. 
TIVELY ESTABLISHED 

LARVAL PARASITES 

APANTELES LACTEICOLOR Viereck 

Apanteles lacteicolor (fig. 49) was first discovered as a parasite of 
the small brown-tail-moth caterpillars at the gipsy-moth laboratory 
in the summer of 1906. It has proved to be one of the principal 
enemies of the hibernating brown-tail-moth caterpillars. In addition 
to being a parasite of this insect it passes a generation on the small 
gipsy-moth caterpillars and on several native insects. 

FOREIGN DISTRmUTION AND ABUNDANCE 

This parasite is widely dispersed in Europe and has been recovered 
at the gipsy-moth laboratory from small brown-tail moth caterpillars 
which have issued from hibernating webs collected in the following 
European countries: France, the Netherlands, Germany, Austria, 
Czechoslovakia, Hungary, Switzerlallli, Italy, and Poland, and from 
Kiev ,and Simferopol, Russia.. Later distribution records have· been 
obtaillled of its presence in Spain, Portugal, Yugoslavia, Bulgaria, 
and Rumania, by investigators of the Bureau of Entomology study
ing the parasitism of the gipsy moth in Europe. . 

The fact that it is abundant in Europe has been well estaQlished 
by the numbers which have been reared at the gipsy-moth laboratory 
from European brown-tail-moth. caterpillars. 

LIFE HISTORY AND HABITS 

The adult parasite is delicate and. rather short lived. In August 
the females may be found'parasitizing the first-instar and Second-instar 
brown-tail-moth caterpillars. The recently hatched caterpillars are 
preferred (19), and usually only a. single egg is inserted with. each 
oviposition. In experiments carried on by C. F. W. MUilSebeck at 
the gipsy-moth laboratory a single female oviposited in 320 cater
pillars, placing two and three eggs in some of them. 

The parasite eggs hatch within th3 brown-tail moth caterpillars 
a few days after oviposition, and the small larvae pass the winter in 
their first instar. When the brown-tail-~oth caterpillars leave their 
webs in the early spring and begin to feed, the parasite larvae develop 
rapidly, passing through the second. instar and into the third instar 
within a few days. The brown-tail-moth. caterpillars . which. are 
parasitized by A. lacteicolor live from a week to 12 days after they 
commence feeding in the spring. Soon after the death of :thEl para
sitized caterpillars the Apanteles larvae issue. and spin their c0<l0ons~ 
Many species of Apanteles do not kill their hosts before issuing, bu~ 
leave them to die several days later. " 

The cocoons (pI. 6, C) which are constructed by the larvae of A. 
lacteicolor are pnre white and measure from 4 to 5millimetel'sinlength. 
Most of the COCOOI1£ of the first generation are found on or in the 
brown-tail~moth webs, but the cocoons of the 'later generations are 
often placed. on the foliage and on the tree trimks. The adult 
Apanteles issue from these cocoons in about one week and are present 
in the field during the last week of May and the first two weeks in 
June. 
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APANTELES LACTEICOLOR AND METEORUS VERSICOLOR 

A, Third-stage larva of Apantcles, anal vesicle still present, X 5; D, Apanteles pupa, X 5; C, third
stage b'ipsy-moth caterpillar with Apanteles cocoon, natural size; D, two larvae of an undetermined 
arctiid from the sume egg mass, ahove parasitized by A. lacteicolor, below unparnsitized, X 2; E, 
third-stage larva of Meteorus, X 5; F, ~reteorus pupa, X 5; G, Meteorus cocoons, natural size. 
(Mueseheck.) 



i)il.49.-APGnttll' lade(colOT. A, AdUlt female, ,X .13;B, egg, X 57: C, blbematlDg (fmlt stage) larva,
X 60, before (above) and after (beluw) evllllination of blDd,llltestlDe; i, blDd IntestlDe, sbowlDg m; place III 
attachment of mldlntestine to hind Intestfne, and 4, anal vesicle, much enlarl!ed; D,clcrsaJ view, of fIriIt
stage larva after flledlDg In spring, ready to pass,lnto seCond slap, X 80, showing 4,I!IIaI, vesicle. mucb 
enIarged; E; llirval m,andlblee, sbowlDg fmlt stqe, ,(upper left)" secoud,' st&h'a (UJlper rlgbt), and third 
,taKe (below). Tbe mandibles of tint and tblrd mcee life ctilt~' th'lllO o( the 1IIcoDcl' stIp DoC 
cbltlnbed. Mucb eUlarpd.(M~btck)' 
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The adults of this generation attack first-instar and second-instar 
gipsy-moth caterpillars, but only occasionally. There probably is 
another generation during 'the summer, with. native lepidopterous 
caterpillars serving m; the host. In laboratory expenments this 
Apanteles :readily attacked first-instar caterpillars of Apatela hasta 
Guenee, SchiZ:ci:roi unicornis S. and A., and an aretiid, ana was reared 
successfully from them and from Hemerocampa le'lU08tigma S. and A. 
rt has also been recovered from field-collected caterpillars of A. 
hasta, Datana mi'i'tistra Drury, and Hyphantria cunea Drury. 

IMPORTATION 

j 

The first brown-tail webs were received at the gipsy-moth labora
tory from Europe in the winter of 1905-6. The method used in. hand
ling them and the difficulties encountered have been explained in 
great detail by Howard and Fiske (14-). Only a brief account of this 
work is necessary here. III the first years the webs were put into 
large wooden. boxes called tube boxes. (Fi~~ 19, A.) Soon after
wards parasites, caterpillars, and hyperparasl'llls began to issue and 
enter the tubes. A few of the caterpillars were removed, placed in 
trays, and fed, and two braconid parasites issued. The first to issue 
proved to be a new species which was later named ApantelP..s lacteicolor 
by Viereck. The other parasite was determined as Meteorus tersi
color Wesm. The discovery of these parasites issuing from small 
brown-tail-moth caterpillars was a surprise, and plans were made to 
rear large numbers of them during the following year. 

The large wooden tube cages were entirely unsatisfactory for l\.~r
ing the brown-tail-moth caterpillars, and in 1907 another type of cage 
similar to a Riley cage was used, but this also did not prove practical. 
When the shipments of brown-tail-moth webs began to arrive during 
the following winter a new type of receptacle in which to feed the 
caterpillars was developed. This was made in the form of a tray 
constructed with an open top, allowing the operators easy access to 
its contents, and at the same time preventing the ,caterpillars from 
esca ping. This tray proved to be more satisfactory than any previous 
tHe that had been tried, and'it W/lS later known as the Fiske tray. 
(.l!'ig. 19, B.) The bottom of the tray is covered with white cotton 
cloth. Around the top is a strip of rz-inch wood, 4 inches wide, 
projecting inward horizontally from the ends and sides ,of the tray. 
On the underside of .this strip is spread sticky tree-banding material to 
prevent the caterpillars from escaping. A strip of wood one-half inch 
by 1 inch is attached. to the inner edge of the horizontal piece at right 
angles to it, to act as a guard in keeping tho operators' fingers from 
getting into the tree-bandin~ material. 

The brown-tail webs are 18.ld on the cloth bottom of the tray. When 
the caterpillars begin to issue, a double thickness of cloth mosquito 
netting is placed over the webs. Tho food for the caterpilln.rs is then 
laid on top of the netting, and the small caterpillars go from the webs 
to the foliage on the netting. While the caterpillars are feeding the 
webs are eS'sily removed by raising the mosquito netting. Beforenew 
foliage is put in the trays, another strip of mosquito netting is laid 
over the caterpillars and the new foliage is placed on this. Most of 
the caterpillars leave the old foliage for the new, and by raising the 
second piece of netting with the caterpillars on it the older material 
beneath. is examined for the cocoons of the parasite and later removed. 
(Fig. 50.) 

http:caterpilln.rs
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During the winters of 1906-7, 1907-8, and 1908-9 hundreds of 
thousands of brown-tail moth webc; were. received, but it was not until 
the summer of 1908 that a suitable method was devised to rear the 
braconids which the smn']l eaterpilllll":'l contained. The rearing work 
was more su('eessful in 1908 and still better in 1909. Fewer webs 
were received during the winter of 1909-10 than during the previous 
years. These were hanclled during the summer of 1910 as during the 
previous summer, and a good supply of ApanteZes lacteicolor was 
obtained. After this season only a few hrown-tail-moth webs were 
imported, as all of the pamsites which could be obtained in tbis manner 
were established. 

COL01\IZATIO~ 

"',Yhen the speeies had become established and more colonization of 
it seemed desirable, similar methods were used to obtain A.panteles . 

. I'IG. W.-Elurniniug trny~ containing brown-tail-motn IUrVtle. rlt thegipsr-llIoth luborntory to obtain 
Aplin/tits lacldrolor aud Jffleorll. caolcolor [or colonizadon 

LIl.t'gc collections of brown-tail-moth webs were made during the early 
winter from val'iouS locations in New England. Samples of the differ
cnt collections were examined to detcrmine the amount of parasitism 
of the caterpillars. ~rhus were nscertnined the arellS where Apantoles 
was most ablmdnnt, nnd the webs from such locations were used in 
the spring rearing work. The early liberations of Apantoles are given 
in Table 28. 

During the early colonization work adult Apanteles were liberated, 
but later when the work de\-eloped to a much larger sCllle the para
site was colonLzed while stiU in the coeoon. This method required 
less handling, Ilnd the cocoons (fig. 51) were remove(l daily from trays 
and divided into colonies contaiuing 500 each. These were kept in a 
('001 place until s(wcmllots were on hand, whereupon they were taken 
to the field Ilnd l(·ft in tin cans, nailed to trees, as was done with A. 
melanoscelus (p. 42). 
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Since the summer of 1918, no further cOlonization being necessary, 
the tray-rearing work to determine the amount of parasitism of the 
hibernating brown-tail-moth caterpillars has been discontinued, as 
the de!;Jired information is better obtained by dissecting the cater
pillars.. This method is quicker, cleaner, and much more accurate 
and it can be done during the winter months. Ten webs have been 
used from each location and approximately 10 living and 10 dead 
caterpillars from each of these webs have been dissected. 

The results obtained by the dissections of the hibernating brown
tail-moth caterpillars in anyone year will serve to show the area 
involved'and the amount of parasitism caused by the different species. 
In Table 29 are given the data obtained during the winter of 1925-26. 
In this work an attempt is made to dissect caterpillars from the same 
towns or bordering ones each year. The area involved in these annual 
dissections is represented in the first 17 towns listed in the table. 
Usually brown-tail moth webs are collected in from 10 to 15 other 
towns scattered over the infested area. Some of them come from 
towns near the border of the infested territory. The data obtained 
from the dissections made of caterpillars from these miscellaneous 
collections are shown in connection with the last 11 towns listed in 
the table. For these dissections no attempt is made to gather webs in 
the same towns each year. 

TABLE 29.-Resmts of dissecting hibernating brown-tail-moth caterpillars to deter
mine the degree of parasitism during the winter of 1925-26 

Living caterpillars Dead caterpUlars 

PercentaGe or pm1ISitism PercentaGe or parasitism 
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Melrose, Moss ________ 3 448 35 5.7 ~·~ol-n-i-;,--- 0.0 8.0Beverly, Mass ________ 10 .0 33.9Lynn, MIISS__________ 2, 404 !~ 10. 3 

10 2,314 I 2.~ .0 14.~ 0 16. 471 1 8. • 10.0 .0 18.0.. ~, r ". i:i Tl ,~:Sudbury, Mass _______ 10 1,&14 118 5. I .0 25.4 0 30.5 283 8 2.4 .~ 24.4 .0 26.8Dover, MIISS_________ 4 .0 26.6 iii 39.9 63 .0 39.9
Dracut, Moss ________ 814 45 13:~ 2.8 ;~ 37:~!g 1,007 114 7. 1.7 18. 4 01 27. 1 116 5.8 9. 12. .0 27.8
Falmouth, Mass. ____ .8 30.3 0i 33.7 !~ 85 2.3 .0 34.1 .0 36.4

I, ZZI !~ ~~Shrewsbury, MIISS ___ 10 2, 601 I 14. .0 18.0 at 32.0 181 1~ 15.0 .~ 31.0 .0 46.0l
FitChbU~ Mass _____ 10 .0 30.1 0 40.4\ 152 2.1 47.82, 546 ~~ 10. 3 94 10.i, :~ 35.1Plymout ,Moss._._. 10 2, 105 1 6:~ .0 30.0 0' 36.0 137 !~ 1.0 • 47.0 1.0 49.0
'::.runpton, N. 11-. ____ 3,160 1 11. 7.0 11.0 Oi 29.0 illiJ :~ 7. 10.~ 23.~ l:~ 

41.0 
Lakeville, Moss_.----- ~~ I, 861 ~~ 18. 1 .Or 22.7 040.8 127 32.1
Waterboro, Me ____ ••• 3 .0 3.3 0 6.6 74 1~:~ :~ ig 23.3469 !~ a~~Manchester, N.1L••_ ~& 5, 169 1 2. .•0 1~~ 0 14.0 1,373 24.01~ 5.0 :~ 19.0Brockton, MIISS.___._ 78 2.5 • 28.2 1. 3t91,686 l~ 4:~Concord, N. 11 __ .•••_ 10 2, 680 I 6. :& 1~:~ g~U ~ 1i!i! 4.0 :~ 5.0 :~ 9.0Portiaml, Me ________ 5 556 66 16. I .0 5.3 0 21.. ~~ 44 9.1 .0 4.5 2.3 15.9 
Chatham, MIISS__ ._ •• 10 2, 159 176 0.0 .0 36.3 ~ 36.3 24 24 .0 .~ 37.5 41.6Wellfleet, 1\I1ISS.______ 10 5,919 105 0.0 95 1.0 11.5 .0 12.5.0 llJ 0 11.4 !~Rochester, N. ll______ 10 2, 692 104 4.8 .9 • 0 6.6 1 33.2 ~~ Meredith, N. ll..____ 7 1,208 70 7.1 .0 .0 0 7.1 !~ ~ ~g 1:& I~~ 19.8l\[iUord, N. n________ 10 5,762 122 9.8 1.6 16.4 0 27.8 ~~ ~~ 38.4Bnth, Me ____________ 10 2, 637 100 3. 0 1~ 19:~ 6:~ iU ig 17.0Freeport, Me _________ 8 & ~:g i~ 78 3. 7 3.7 14. 1 24.0Brewer, Me •• ________ I'r~ ~ g:& i~ I~~ 1 .0 20.0 0 20.0 ~~ .0 20.01~ :~ .0 20.0Waldoboro, Me _____ • 1,959 63 5. 6 47 8. .0 29.8 38.3
Bar Uarbor, Me ______ ~ 278 30 0.0 30 .0 .0 13.3 :~ 13.3:~ '::H ~l '"11Winthrop, Me____ •__ 7 2, 583 70 5.7 2.8 15.7I~5.7 .~.2:.! O~~ 70 

Total __________ ______________" __ • 5,551 ~1'226 60,800 2,478== 2,041===Average , _______ __ •• ____ .___ 6.7 .7 17.2 0 24.6 ______ _____ • 6.2 I. 7 20.3 -28.~7.5 

I The averlllle percentages were obtelued by dividing tbe total number or parasites found by the grOllS
number or WVIIe concerned in eacb case. 
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The parasitism of the hibernating caterpillars shown in Table 29 
is typical. It varies from year to year, sometimes being higher than 
shown in this table, and sometimes not so high. The different para
sites also vary in abundance. Some years Apanteles is the leading one 
in certain sections and an important factor in the control of the brown
tail moth, but during the last few years Sturmia niilicola has para
sitized the highest percentage of the caterpillars. 

. An abridg!;)d summary of the results of the annual dissections of 
hibernating brown-tail-moth caterpillars is given in the discussion of 
Oomps'ttura concinnata, in Table 30. This table shows Under the 
parasitism caused by A. lacteicolor that practically every year there 
are sections where this parasite is an important enemy of the brown
tail moth caterpillars, although the avera~e percentage of parasitism 
credited to Apanteles for the entire area lS not very large. 

RECOVERY AND DISPERSION 

When the first liberations of this parasite were made in 1907, the 
supply was small and the colonies liberated were unsatisfactory. Later 
in the season and during the following year a search at the sites of 
these colonies failed to show any trace of this species. In 1908 both 
large and small colonies of Apanteles were liberated under varying 
conditions. The first large colony of adults was liberated early in 
the spring just in time to attack the small brown-tail-moth cater
pillars as they were issuing from the webs. A generation in the field 
was developed in this manner. Under natural conditions, however, 
adults of Apanteles lacteicolor·are not found in the field at this time, 
and it was not surprising that later observations indicated that this 
colony was not successful. Later in the season two small colonies 
and a second large one were liberated at about the time when adult 
Apanteles would naturally be present. No recoveries of this parasite 
from the small colonies were made. In 1909, however, it was recov
ered at the site of the second large colony which had beeh liberated 
in 1908. The species was also recovered in 1909 at another location, 
where a very few adult Apanteles had been liberated. the previ')us 
year just as the small brown-tail-moth caterpillars were feeding and 
beginning the construction of their winter webs. 

In 1910 this species was again recovered and from points several 
miles distant from where it had been liberated in 1908, showing a 
rapid spread. By the end of 1910 Apanteles had increased to such 
an extent that over 4,000 cocoons were obtained in the rearing work 
of the spring of 1911. From this time the species spread rapidly, and 
by 1918 had dispersed, aided by- the colonization work, over the entire 
area infested by the brown-tail moth. (Fig. 3.) 

VALUE OF APANTELES LACTEICOLOR 

This parasite is one of the important eneluies of the hibern~ting
brown-tail-moth caterpillars. Records have often been obtained of 
the parasitism of from 20 to 30 per cent of the caterpillars in individual 
webs. The species increased and dispersed rapidly, and when the 
brown-tail-moth infestation was severe over a large part of the infested 
area this parasite was abundant. During the last few years, since 
the brown-tail moth .has been relatively scarce over most of the terri
tory, this parasite also has become less abundant .. 
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The life-history studies of .Apanteles lacteiClJlor revealed that it has 
several generations annually and attacks small gipsy-moth cater
pillars and several native insects. It seems to be dependent upon the 
brown-tall moth for its hibernating host but noods an alternate sum
mer host. Its present state of relative scarcity over much of tha 
territory is partially'ex.plained by the fact that its. hibernating host 

110-.• 	 is scarce~ This is not the .case in southeastern New Hampshire and 

southwestern Maine, where there has been a rather parsistent, heavy 

brown,..tail-mothinfestation for several yoors. In this area the scarcity 

of lacteicolor may be due to the fact tha:/i the gipsy moth for a number 

of years. has been relatively scarce. there, and possibly some of the 

native insects which act as alternate summer hosts for A.lacteicolor 

may also have been scarce during this period.. During the summers 

of 1926 and 1927 the gipsy moth increased. in, abundance, and should 

this increase contiuue it will be interesting to see what effect· it will 

have upon the abundance of A.lacteicolor. An increase-in the abun

dance of some native insect may at any time provide a summer host 

for this parasite, and for a time at least help to bring it back to its 

previous abundance in the area heavily infested by the brown-tail 

moth. 


In addition to the difficulty of finding a suitable host to carry it 
through the year, A. ladeicolor must contend with several species of 
hyperparasites. The generation which issues from hibernating 
brown-tail-moth caterpillars usually escapes any heavy attack of 
hyperparasites, for many of the cocoons are protected within the 
brown-tail moth webs. In thelater generations, however, the cocoons 
are often exposed, though not for a long time. They beco~e para
sitized to a considerable extent, but not so much as A. fMla1W8celus. 

In spite of the obstacles confronted byA. Zactpcolor it is still rated 
as an important parasite of the brown-tail moth. It has been one of 
the important factors in causing the decrease of this insect and will 
undoubtedly become abundant again as is usual with entomophagous 
as well as phytophagous insects. 

METEORUS VERSICOLOR W-.-l 

t 

The life history and habits of Meteorus versicolor Wesmael (fig. 52) 
are so similar to those of Apanteles lacteicolor that much of the work 
which has been carried on with hibernating brown-tall-moth cater
pillars to obtain data pertaining to Apanteles has served equally 
well for Meteorus. It passes the winter as a first-stage larva within 
the body of a. hibernating brown-tail-moth caterpillar. The adults .•...~~ 
are larger and more robust than adult Apanteles, and often live for. J 
several weeks and occasionally even for two or three months. There I: <: 
are several generations each year, two of them being on the brow~;;'., tail moth. 

FOREIGN DISTRmunoN AND ABUNDANCE 

This parasite has about the same distribution in Europe as Apan
teles lacteicolor. Only rarely has Meteorus been recovered as abund
antly as A. lacteicolor in the rearing work at the gipsy-moth laboratory 
with foreign brown-tail-moth caterpillars. It makes up for this defi
ciency to some extent by attacking medium-size brown-tail-moth 
caterpillars during the summer. The junior author found this species 
in hibernating brown-tail-moth caterpillars at Hyeres, France, but 
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in small nunibers. At Vetren, Bulgaria,dufing the summer of 1924, 
he saw a pl1UD. tree with 20 or 30 brown-tall-moth webs on i~, which 

o 

1'10. 52.-Mtltoru, mlir%r. A, aelult remute, x 8; B, egg, X 100; C, larva 
ready to Issue rrom egg, X 50; D, larYBI mandlbles-rrom top to bOttom, 
flrst, secon<J,.aud third stages. The mandibles of first Ilndtblrd stages 
ore chltlnlm; those or tbe IIOOond stage Dot cbltlnlzed, mucb enlarged. 
(l\[uesebeck) 

showed heavy feeding by the caterpillars, but only a few caterpillars 
survived to pupate. on this tree were several thousand second
generation cocoons of Meteorus, .An eXlPllination of many of them 

\-'. 
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showed that nearly half of th~ cocoons had produced adults, and the 
remainder contained hyperparasites, or had given issuanc~ to them. 
This was the only tree .in the immediate vicinity which was observed 
to have a brown-taU-moth infestation on it. Evidently a few adult 
Mete6rus had parasitized the small brown-tail-moth caterpillars in 
the fall, and the .adults of the spripg generation had remained in the 
tree where there were ample hosts in which to oviposit. 
Durin~ the silJile summer Meteorus cocooilS were seen commonly, 

but not ill great abundance, on fruit. trees which carried a few brown
to......il-moth webs. and cate11!illars, in. the back. yards .pf. reside.u~es in 
the suburbs of Belgrade, YugoslaVIa. m1925 S. M., Dohaman of 
the Bureau of Entomology reported Meieorus frequently atta:cking iQ 

brown-tail-moth caterpiUurs at Pancas, Portugal, and it was recov
ered from a small village not far from Madrid, Spain. _III l 

In Europe jf: versicolor has been recorded asa parasite of a number 
of lepidopterous ca~rpillatsj but no infonnation is at hand as to what 
extent it parasitizes the various species. 

LIFE HiSTORY AND HABITS 

The female pa.rasite oviposits in the small brown-taii-n:mth cater
pillars during August and September. When attacking brown-tall
moth caterpillars a single egg is usually deposited with each insertion 
of the ovipositor. Muesebeck.(19) found in laboratory experiments 
that the females attacked readily quite a variety of other hosts, but 
often no egg was deposited during the insertion of the ovipositor. 
This habit is found in other p--",ras.ites,particularly among t1:(~ ehal
cididae and Pteromalidae. Within the brown-tail-moth ca~lerpillar 
the parasite egg hatches in a few days, ahd the winter is psssM as 8. 
first-instal" larva. This larva has a heavily ·chitinized head and tho 
caudal end of the abdomen is elongated. '. . 

~" In. the spring when the brown-tail-moth caterpillars begin feeding 
Meteorus becomes active and the larvae pass through two spring 
instars. The development is not quite so rapid as it is with A. 
lacteicolor, but 'in from 10 days to two weeks the,thitd-instar Meteorus 
larva.issues fr~m its host: The p'arasi~ized caterpillar ~ually .molts 
once ill the spnng and does not die until after the parasIte has ISsued 
from it. An interesting comparison between Meteorus vel·sicolor and 
A. lacteicolor is that the brown-tail-moth caterpillal'3 parasitized. by 
the latter do not molt in the spring, and are killed before the Apanteles 
larva issue-so ., ... .. ' \:' 

The cocoons (pI. 6, G) are golden brown. They-are 'sul;p~nd~ by 
a strong thread attached to a branch or twig of the treeon,whicll they 
have developed. The adult appears in from one weekt0'9 or 10 days 
after the completion of the cocoon. ' 

The adults of the first generation are present in the field during the 
middle of June. They oviposit most readily in the last two cater
pillar instars of the brown-tail moth. The caterpillars of Hemer
ocampa leucostigma and Notolophus antiqua are eagerly attacked by 
this species and records have been obtained of Hyphantr-ia cunea alsO' 
serving as a host. Some of the adults of this generation, together 
with adults of a partial third generation, attack the small brown, tail-moth caterpillars in the, fall and hibernate within them. 

1781°-29---9 
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INTRODUCTION AND COLONIZATION 

The information given as to the introduction of Apanteles lacteicolor 
serves for :Meteorus, as they came from the same material. Mete
orus was first received. in 1906 and again in 1907, from hibernating 
brown-tail-moth caterpillars. Thero were less than 100 and these 
were used in reproduction worlr, but their progeny consisted entirely 
of males. A few more were obtained from hibernatin~ caterpillars 
and these were colonized with some others which came In shipments 
of full-grown and pupating brown-tail-moth caterpillars. 

The results obtained the following summer were 130mewhat better, 
and 1,000 adults were liberated in a single colony. Later in the season 
approximately 300 brown-tail-moth caterpillar:'! were collected at the 
colony site and from them 76 Meteorus cocoons were recovered. 

Early in 1909 this parasite was reared from brown-tail-moth ~ater
pillars which issued from webs collected during the winter at the col
ony site, and the first positive record of its passing the winter in New 
England was obtained. About 2,000 adults were liberated during 1909. 
Most of these were obtained from hibernating brown-tail-moth cat
erpillars received from Europe, although a few came in collections of .. 
large caterpillars and pupae. In 1910 and 1911 Meteorus was reared 
from foreign stock, but only in limited numbers. The few which were 
obtained, together with a few more reared from New England stock, 
were liberated. In this manner by the end of 1913 approximately 
4,000 Meteorus ha.d been liberated. 

During the following years a few more Melleorus were reared from 
the hibernating brown-tail-moth caterpillars which had been fed in 
trays at the laboratory to rear A. lactewolor for .colonization. In this 
way 2,900 and 4,145 cocoons of Meteorus were recovered and col
onized in 1915 and 1916, respectively. Each year the rearing work 
was conducted a few Meteorus were obtained, but often in numbers 
too few to liberate as colonies. They were added to the Apanteles 
colonies and liberated in the hope that they might become established. 

Approximately 11,000 Meteorw; versicolor have been reared and 
colonized from the laboratory. Somewhat less than 4,000 of these 
were of foreign origin. These are not all of the Meteorus which have 
been introduced from Europe, however, for many foreign brown-tail 
moth webs were placed in the open in sections in this country infested 
by the brown-tail moth ;n an endeavor to establish Sturmia nidicola. 
In most cases the hibernating caterpillars issued in large numbers 
from these webs and lived long enough in the spring to allow the 
braconids which they contained to develop. No record is available 
of the many thousands of MeteoruG and Apanteles which developed 
and gained their freedom in this manner. 

PARASITISM OF BROWN-TAIL-MOTH CATERPILLARS CAUSED BY METEORUB 
VEUSICOLOR 

The data which have been gathered on the efficiency of this para
site as an enemy of the brow~-tail-moth cateI"P.illars. are pre~entedin 
Tables 29 to 32. Only occasIOnally do the dissectIOns of Its hosts 
show any appreciable amount of parasitism. In Tables 31 and 32 
are given the data obtained from the collections of brown-tail-moth 
caterpillars. These tables show the parasitism by the second genera
tion of Meteorus on this host, but do not indicate that this parasite 
has as yet been of prime importance as an enemy of the brown-tail 
moth here. 
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RECOVERY AND DISPERSION 

}~!:01 Recovery of this species was .made in the summer of 1907; after a t Jew adults had b~en liberated: . During the fall of the !ollowing year 
,-It was recovered 10 very prollllsIngnumbers from the SIte of a colony 

which had been liberated during the spring. Proof of its ability 'to 
survive a New England winter was obtained in the spring of 1909 
when it was reared from hibernating brown-tail-moth caterpillars 
which had passed the winter in their webs under natural conditions. 
The following spring it was reared again under similar conditions, and 
later in the summer the second generation w.as recovered from large 
brown-tall-moth caterpillars in numbers sufficient to indicate that it 

. was increasing rapidly. 
Its dispersion during the succeeding years, as determined by rear.. 

ing it or by dissections of its hibernating host, has been remarkably 
rapid. This is especially notable because there has never been any 
large-scale colonization of this species. -As early as 1918 it had 
dispersed over the entire area infested by the brown··tall moth. 
(Fig.3.) 

VALUE OF METEORUS VERSICOLOR 

Although this parasite is well spread over the territory infested by 
the brown-tail moth the records do notindicate that it has been of prime 
importance as an enemy of this insect. Occasionally in heavy brown
tail-moth itlfestations its cocoons are found quite abundantly and 
hang from the twigs of the trees. It has several generations annually, 
two of them being on the brown-tall moth. Several native cater
pillars are also attacked by M.versicolor. It is always the loser when 
In competition with Apanteles lacteicolor in hibernating brown-tail
moth caterpillars, and is also seriously reduced by a large number of 
hyperparllsites. 

STURMIA NIDICOLA TOWDlleDd 

The tachinid (fig. 53), formerly referred to as Zygobothria nidicola 
Townsend in American literature, has a single generation each year, 
passing the winter within the hibernating brown-tail-moth caterpillars, 
its only known host in this country. It has developed into one of 
the most important parasites of this insect. Great difficulty was 
experienced in obtaining this tachinid for colonization, and although 
at first only a few were liberated they were sufficient for the estab
lishment of the species . . 

FOREIGN DrSTRmUTlON AND ABUNDANCE 

8. nidicola appears to be well spread over Europe. It has beenrecov
ered at the gipsy-moth laboratory by rearing it from European brown
tail-moth caterpillars, and records of its dispersion show it to have 
been obtained from France, Spain, Belgium, Germany, Czechoslo
vakia, Austria, Hungary, and Italy and from Simferopol and Kiev, 
Russia. Whenever dissections have been made of foreign brown-tail
moth caterpillars this parasite has usually been encountered, and often 
as high as from 20 to 30 per cent of parasitism, and occasionally con
siderably higher, has been recorded. 
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. This species was fustdiscoveredto be a,pa.ra:mte)ofth~f.brown~Lail.:;
moth at tnegipsy-m.oth laboratory in 1906. Hundreds':of th:Ol):sands,. . 
oibroWIi..:tai!-moth webs were imported during the winters ~m 1905' 
ft> 1911, 'as has:alreadybeenstated uncletthe discussion of.iL lir:cte~" 
colGr. Dissections of the 'hibernating Qaterpill9.rl3 which 'these webs . 
contained· showed'.:that many of·them harbored the smallfustr-mstar 
maggots of Sturnua.. In ohler to obtain the mature parasites ior 

, 	 colonization these>caterpillars ha'd to be reared through theirfeedi,Dg . 
period. This 'proved to 'bevery difficult. ManYdifferentw8.!s were 
tried to rear these caterpillars.up to the pupal stage. :The SrilalIcater
pillars invariably would leave their hibematingwebsand feed during . 
the early summer through 'two ortbree instars, apparently ;i~fin~ 

FIo. 53.-Sturmia nidleola. Adult male, 

condition; but in every experiment for several years,although they 
were given the most careful attention, practically the entire 10t would 
die just previous to the last larval instal'S: . .... .... 

In 1908 several Sturmia were reared under these trying conditions. 
In 1909 the results were similar, and only a very few adults were 
finally obtained. During the' early spring of 1910 the dissections of 
hibernating caterpillars from Italy and France showed a "verylarge 
percentage of caterpillars bearing the larvae ·of Zygobothria" (14, p . 

. 291). The material was divided into two lots. The caterpil1arsof 
one lot ivere placed in trays to rear as usual at the proper time ; the 
other lot of caterpillars was .placed ill the cpenon small oak trees. 
Even under such natural conditions practically all of the thousands of 
caterpillars which were liberated died before becoming large enough 
to allow the Sturmia: wit~ them to mature. The tray work also 
resulted as previously and all of the caterpillars died. 

http:caterpillars.up
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, During; the summers of 1906, 1907, and 1909 about 200 Sturtnia 
were reared from European shipments of full-fed and pupating catet
pillars, and in ~91l approximately 3,300m,ore were reared from ship
ments. All were colonized. 

PARAS~TISK OF B~OWN-TAIL-MOTB: CA.TERPILLARS BY STURlJIA 

Two methods are used to determine the amount of parasitism of 
broWli-tail-moth caterpillars by this tachinid. These have a.lreadr 
l;>een described under the discussion of Apanteles lacteicolor, so it will 
be necessary here only to refer to. the.. t~bles presented to ascertain 
the yalu.e. of this parasite. 

In, Table 29 are shown the data obtained in1925-26 bythedissection 
of hibernating brown-tail-moth caterpillars from 28: towns scattered 
over the area infested by this moth. It will be seen that Sturrnia was 
the principal parasite of the hibernating brown-tail-moth caterpillars, 
during that year, when an average of 17.2 per cent of the living cater
pillars dissected were parasitized by it. In many places it parasitized 
over 20 per cent, and in several towns over 30 Per cent of the cater
pillars. showed parasitism by Sturrnia; 

Under the disnussion of Compsilura, in Table 30, is given It summary 
of each year's dissections of hibernating brown-tail-moth caterpillars 
from 1916 to 1927. The data in this table show that nearly every 
year Sturrnia has been the leading parasite of the hibernating brown
tail-moth caterpillars, the parasitism frequently averaging 17 per cent 
and in many cases running over 40 per cent. More data are given in 
Tables 31 and 32. 

DISPERSION AND RECOVERY 

The first recoveries of this species were in 1910 from field-collected 
cocoons of the brown-tail moth. The,nature of the r~owries showed 
positively that the species had become established from liberations 
made previous to that year. These recoveries seemed remarkable, 
for only 200 specimens had been liberated and these in small lots 
during 1906, 1907, and 1909. From the time of the first liberatio:il~ 
many attempts were made annually to recover the species, but only 
negative results had been obtained. 

During the succeeding years it has been recovered. in gradually 
increasing numbers and over a. greater territory. The dissections of 
hibernating brown-tall-moth caterpillars of 1916-17 showed that this 
tachinid had spread over pra~tically the entire area infested by its 
host. Considering the few Sturmia which have been liberated and the 
limited area in which they were placed, such a rapid dispersion seeIps 
l'ather e.xtraordinary, and particularly so since the ~pecies has !>nly.one 
generatIOn annually and depends upon the brown-tail moth for Its hiber
nating host. 

VALUE OF STURMIA NIDICOLA 

This parasite has been shown to be one of the m.ost important ene
mies of the brown-tail moth that has been established. It is second 
only to Compsllura and this only in areas where Compsilura is 
plentiful. It is often present in areas where Compsill.lra is absent 
or very scarce. 

Early in the investigations of this species data were secured which 
indicated that Stunniawould be more efficient in the mild section of 
New England. Since then it has been proved that this species can 
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survivea~d }?/U'ssiFieas' high .!t.p&cent~~e of. its host in' thecolde.r ' 
aregs as ill the milder p~ of the areainfes~d. byth~brown..;tail 
moth... ..., .. ' ..., .' .' ... ' ", 

Much benefit has already been deriv84. from.theintroductio~?of 
8. nidicola. Its establishment from such small liberations shows the 

possibilities' in' introducing beneficial insects even when . they can' be 

obtained only; in very small numbers.. . . . , 


COl\'iP~UJlA CC)N(J)NNATA MeIaeA '.. 

{JompSilur.aconcinnata Meigen 'is an important parasite 'of' the 
brown-tail moth .as well as .of the· gipsy moth ..... It he.sbeen' treated, 

. in de~a!lunder the p.lU'asit,ef>. of. thegip. sy~oth. The ·~.r~n~.e·.~f 
paraSltism ·o( the. brown-tail-mothcaterpillars' caUSed . by" Comp~- • 

. lura Will ,be found in Tabies29,3,O,31, and 32. ' , 
," .,' . . 

TABLE 30•.:......Summary of amiualdi88eCtiim8 of '"oernatingbrO'/IJ'n-tau-motk co.ter-· 
pillar8, winter8 of 1916-17 to 1926-27" int;lulrilJe; w ascertain perC61liaguoJ
parasitismbllvariom ,pecies . . . . ' 

:Percentage of parasitism or brown-taU-moth., " 
" hibernating ~ by- . '. . 

,- Oom.J:~:m Apante1es Meteorns Bturmfa j
con , ta lacteloolor versloolor nidloola 1:;:') '~~-'-~~~'-~~-'~,~·~-"'l i I 

Wlnterot-' 

I 
< ..il1> 'iii 

ai e 3" 
! . a· ~ 
'iii" 
a ~ i

1:1 ;., ... ;. ....... i"'~ ;gi" 
t ~ ~ ~ ! ~ .~. ! ! ~ :;5 ~ ~ 'R!~ ~ < .3 ~ .< ~ • < a ~ ~ ~ .~ ~ 

I:--- . --' 
1916-11-._________ 31 139 1,021 o 3 1 3 28 H 0 ~ 3 0 23 8370 lifoID17-18__~__...____~ ~ 283 6, 1151 II 13 1 II 12 4 0 2 1 0 41 15 ____, __:. 31
1918-19___________ 9D 818 19, '177 000013 3'0 Ii 1 0.36 15 50107'18 
11119-21'--_________ 153 4.71 LIO,I02 o 5 1 0 8 2 0 3 1 o· 17 II' Ii . 2 12 
lIIro-21~__________ mt: L3,100, o 3 1 0 14 .. 0 Ii 1 0 30 12 II 17 111o 48 1i 0 11 5 0 8 2 0 33 11 ____ ____ 31 
ID2I-22___________ m~i: Ll,389 o 1 1 0 15 6 0 4 1 0 :i6 11 0, 0 18 

Dl,l6l 

Dl,066 o 67 11 0 43 9 0 11 2 0 « 17 ____ ____ 311 
Ll,345 
Dl,315 g 1~ ~ g~: ~ .~ 1& i g: II jl o. = \\. 
Ll,l9D o 3 1 0 13 7 0 0 0 o· 35 7 00 13 
Dl,11l1 o 25 Ii 0 16 9 0 7 1 0 40 9 ____ ____ 23 
U,.113 o 2 1 0 lie Ii 0 3 1 0 47 1«1 3 13 21o . 50 0 4 2 .0 17 ____ 
:L2, S7ll' o 0 00 18 7 0 7 1 0 36 17 1 325

::;:::::::~~~ l{~. ~ 4 23 0 1 68 ____ zD2,187 

192&-26___________ 211 = o 4 1 0 15 6 0 10 2 0 -17 20 ____ ____ 211D2,Ul 
192&-27___________ ~ ~~ 1,2;6IJO o 6.,0.1 1 32 12 0 6 r O. 20 12 112 21 211 

D2,250 o 4' 0.1 0 47 It 0 6 1 0 37, 18 ____ ____ ~ 

1 L, lIving caterpUlars dJssected; D, dead caterpillars dIssec~ 

The results shown in Table 30 are referred to under discussionS of 
the parasites involved. . The table is Inserted a.t this point to show the 
amount of parasitism of the hibernatili,g brown-tailcmoth caterpillars 
caus~d by': Compsilura_ . This habit jsapeculiar onellfor, although. the 
host JS killed, the, parasIte also succumbs. Ma.ny atte.lIlpts .have been 
~made at the laboratory to rear this parasite from hibernating brown

tail-moth caterpillars but alw~LYs without success. 


In thtj spring Compsilura attacks the brown-tall-moth caterpillars, 
readily.and successfully, often to .an important extent, as is, shown in 
Table 31. The caterpillars are collected at about the time they stoP 
feeding and prel'lare to pupate. . 
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TABLE 31.-.,.ooUectitm8 of large' broum-tail-moth caterpiUar8 to cietermin~ the amount 
. ,:' ,of 8ummer parasitism lOr ~92S ' " ., 

;~ .. ' 

percen~or paraSItism, cauSed by-
Total

Number 1----,----:--"---,----1 percent
oHarV88 ' &geo('
collectedcoropsi~ Sturmia CarC8Ira Meteorus paraslt~

l=!- nldlcola laxUrons versicolor Ism, 

~--,----'---,----,-----l---Ii-'---

li~rl~~~~~~~~~~~~~~~~~~~~~~m
Burlington, MIISlI _________________________ 

Ham~ton, N. H~-------------------------New 1l\"Y; MII5S__________________________• 

Andover; MII5S___________________________ 

Weston, MIISS_____ "________ .-- ____________ 

Rowley, MIISS ____________.----"----"-.--Scituate, MIISS__________ "_________________ 

,ti;~i~:~~~~~~~~~~~~~~~~~~~~~~~~~ .' Dedluun, MIISS ___________________________ 

100 ll, 1 
66 45, 9 
23 13 0 
15 0 13 

100 3 '0 
100 77 10' 
100 1 6 
100 53 1 
100 63 2 
25 3) 0 

100 28 8 
100 1 19 
11 0 18 

100 5 29 
100 66 1 
100 2 3 
100 16 19 

Total or avemgel__ ~----,:-----------1 1,340 '26, 10 
, ,' 

3 
0 

0 
0 

4, 
M 

0 4 17 
0 0 13 
7 
0 

0 
0 

37" 
87' 

S' 0 12 
3 1 58 
0 .(1; 65 
0 0 3) 
4 0 40 
0 0 3) 
O· 0 II\. 

22 0 58 
1 0 88' 
2 C 7 
0 0 35 

4 I '1 40 

I A.verage peicentages derived (rom original figures, not from the ~re8ntages given;, " 
t The actual parasitism caoaed by Meteorus was less tlw11 pet cent. but wherev'l!' a trace of the parasite

was found It hils ~ credited with 1 per cent. " - ' ' 

r The term sUnimer parasitism is used in th.e heading of Table 31 to 
denote that ~e host is .attacked in tlie spring, I!-ild tha~ the paraSite
develops and lSSUes dunng the same season. It IS used m contrast to 
the parasitism which takes place in the fall, shown in Table 30, of the 
caterPillars which are to hibernate. Thea.vei'age p,arasitism by Comp
silura for all 'of the' towns was only 26 percent, but there are. several 
locations represented where the parasitism was considerably highilr. 
The data shown in the table are typical of those which;are gathered 
each year from a' similar list of towns. 

A summary of the data. which have been obtained from similar. 
collections made each year from 1916 to 1927,isgivenjAi Table 32. 

TABLE 32.'-Summary of data obtained from coUeciiom,of large brourri-tail-moth 
larvae, 191fJ.-1927! inclusive 

Average ~cen'Bf,~~Parasltlsm cauSed 

NumberYear ·o!towns ~Ev:: (\lmpsi- Stormla Carcella IMeteorus 
I~D<;:'t!- nidicola laxifrons versicolor 

------------1---11--------------
1916_______________________________________ 
1918______________________________________ _ 
1919______________________________________ _ 
193>______________________________________ _ 
1921. ______________________________________ 
1922______________________________ •_______ _ 
19Z!____ •_________________________________ _ 
,1924 ___________________________ . ___________ _ 
1924_______________________________________ 
1924______________________________________ _ 
1925~ _____________________________________ _ 
1925______________________________________ _ 
1925______________________________________ _ 
1926_______________________________________ 
1926______________________________________ _ 
1927___________________________________ •__ _ 

9 1,629 16 1234 
2 1,730 1 ~ 11 1,069. 7 

16 1,887 2 7 
17 2,322 11 7 
15 1,402 1 14 
17 1,34.0 26 10 
3 917 56 2 

16' 11,4'0 17 11
3

9 1881 18 ' 
13' 617 35 1611
13 1500 15 4
6 12F,() 11 

10 525 6 18 
8 14:1."1 1 12 

13 34 948cl I 
I Brown-tall-moth caterpUlars were dissected to determine the degree of parasitism. 

secured by rearing the parasite< 

------5--- ---------3 
4 3' 
3 1 
.,. 
4 1 
1 61 _________ _ 

~ 

1 1 
__________ 2 

,5 2 
.4 1 
,2 2 

Tho other dab were 

http:RO~::"1';A.II


136 TECHNICAL BULLETIN 86, U. S. DEPl'. OF AGRICULTURE 

Most of the collections have been kept in trays (fig. 19, C), to 
recover the parasite, but during the last few years a part of ma,ny of 
the collections have been dissected. The latter method is more 
desirable, for the caterpillars are put in .a preservative as soon as 
they are received at the laboratory and require no further attention 
until they are dissected. The dissection of the caterpillars can be 
done after the rush of the summer's work is over, and under such 
conditions more accurate results are obtained. Also, the handling of 
large numbers of brown-tail-moth caterpillars or pupae is avoided, 
whenever possible, because of the extreme irritation caused by their 
hairs to the operators. 

CAR CELIA LADFRONS VUJeneave 

The tachinid Oarcelia lazijrons Villenenve has been refen-ed to in 
previous literature in this country as a brown-tail-moth par~ite. 
under the name of Parexorista chelooiae Rond. In 1923 R. T. 
Webber, while consulting with J. Villeneuve at his residence in a 
suburb of Paris, was told by the eminent dipterist that the brown
tail-moth parasite which was imported as P. cheloniae Rond. was not 
that species but an allied one known as Oarcelia lazijrons Vill. A 
few weeks later therl"unior author and Mr. Webber were privileged to 
see the Rondani co ection of Diptera at Florence, Italy. Here was 
found the type of (Exorista) Parexorista chelooiae Rond. Mr. 
Webber's examination of it proved without doubt that it is not the 
brown-tail-moth . parasite which had been introduced. into this 
cou.utry. 

I Oarcelia lazijrons has a single generation annually on the brown
tail-moth caterpillars, and is not dependent on any other host. It 
appears to be established in this country but has not been one of 
the important parasites of the brown-tail moth here. 

FOREWN DISTRIRUTION AND ABUNDANCE 

This species was often reared from collections cO:Qtaining full-fed 
caterpillaro and pupae of the brown-tail moth from France, Ger
many, Czechoslovakia, Austria, Hungary, Switzerland, Italy, and 
Russia. The records obtained at the gipsy-moth laboratory from 
the foreign material indicate t,hat this parasite is one of the most 
abundant of the brown-tail moth parasites in Europe. 

LIFE HISTORY AND HABITS 

Oarcelia laxifrons has its counterpart in this country in what 
Aldrich and Webber (1, p. 31, 32) have designated as Zenillia cheloniae 
Rond., a common parasite of Malacosoma americana Fab. and M. 
dustria Hiibn. The two flies can not be distingnished but have 
different biological habits. Thompson (14, p. 299) was able to mate 
males of the foreign race with American females. These females did not 
attack the brown-tail-motb. caterpillars readily and when they did 
there was usually no reproduction. In 1924 a few puparia were 
obtained from American tent caterpillars, and a few from brown
tail-moth caterpillars. These were. carried through the winter at the 
laboratory, and during the early summer of 1925, when the flies 
emerged, they were induced to attack both hosts; reproduction, 
however, occurred only in their natural host. A more extensive 
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outline of investigation was planned for 1926, but because of the 
scarcity of the parasite on the brown-tail moth during 1925 a very 
limited number of Carcelia were obtained, and during the spring of 
1926 no fertilized females of the brown-tail moth parasite were 
secured. A large number of the American tent-caterpillar parasites 
were obtained, and in the experiments which were carried on with 
them the same fertilized female attacked both brown-tail moth and 
American tent caterpillars. Reproduction. was secured from the 
native caterpillars but not from the brown-tail moth. An infertile 
female parasite obtained from the brown-tail moth deposited 502 
eggs on brown-tail moth caterpillars, but there was no reproduction. 

The life history of this, tachinid has. been studied by Townsend 
(26). The female deposits its thin-shelled, pediceled eggs on the 
brown-tail-moth caterpillars soon after they issue from their biber~ 
nating webs. The tiny maggots upon hatching enter 'the caterpil
lars, where they pass through four instars, the fourth issuing from 
large caterpillars. Upon issuing the maggots dro~ to the ground, 
·where they pass the winter in their puparia. W. F. Sellers, of thei 
gipsy-moth laboratory, has observed that. the Carcelia which iSl;\ue 1 

from the brown-tail moth emerg~ in the spring about a week earlier 
than do the parasites of the American tent catereilla,r. He also 
obtained a record of Oarcelia lazijrons and Oompsi!:ura concinnata 
maturing within the same host. 

INTRODUCTION AND COLONIZATION 

This species is relatively easy to introducl;', and the man,. diffi
culties encountered in hibernating 8. scutellata and P. agU'/,8 have 
not been experienced with Carcelia. The maggots within the 
puparia withstand dry conditions in. trays or boxes which would 
cause a heavy mortality to either of the other s~cies. It has been 
received for colonization by collecting full-fed and pupating brown
tail-moth caterpillars in European countries. These were packed 
with foliage in small wooden boxes about 8 by 4 by 3 inches, and 
sent here by mail or e:\.-press. It was first received in 1906 and 
colonized in unsatisfactory numbers the same year. In 1907 it was 
colonized more satisfactorily, and in 1908 more flies were liberated, 
many of which had been mated previous to liberation. Only a few 
were liberated in 1909, but in 1910 several thousand adults were 
liberated. A total of 9,742 Oarcelia laxijrons have been liberated 
in New England. 

RECOVERY AND DISPERSION OF CARCELIA LAXIFRONS 

After the liberations of mat-ed adults in 1908 this species was 
recovered in a number of collections of brown-tail-moth caterpillars 
and cocoons whir-h were Il'.ade at the site of the colonies liberated 
earlier the same seRSon. In 1909 it was recovered again in rather 
large numbers, showing a considerable increase and. a rapid rate of 
dispersion. In 1910 and 1911 it was not recovered and was con
sidered lost. For the next few years it was recovered very spar
ingly, but by 1916 it bad spread over practically the entire area 
infested by the brown-tail moth. 
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In Tables 31 and 32, under the discussion" of' brown-tail-moth 
parasitism by Compsilura., are given the data. which ha.vebeen obtained 
ill regard to the a.bundance of this species. In Table 31 are shown the 
data ga.thered in 1923, and Table 32 shows a. summary of them from 
1916 to 1927. These records show that the species has not been a 
large factor in the parasitism of the, brown-tail moth in New England 
except in 1916, when an average of 23 per cent of the caterpillars col
lected in nine different towns were parasitiz.ed by it. Another good 
record was obtained in. 1923 when 22 out of 100 caterpillars collected 
at Bourne, Mass., showed parasitism by this tachinid. 

VALUE OF CARCELIA LAXIFRONS 

Up to the present time this parasite can not be rated among the 
leading ones as an enemy of the brown-tail moth here. Its dispersion 
has been very r~pid and it has been present for severd years over 
the territory infested by the brown-tail moth. Occasionally a collection 
of brown-tail-moth caterpillars shows quite an apprecia.ble amount 

..I 

Fla. 54.-EupUromolru nidulan,. Adult female, X22. (Howard and Fiske) 

of parasitism caused by it. It is thoroughly established and may 
beCome an important parasite of the brown-tail moth at any time, as 
it is one of the principal enemies of this insect in its native home. 

PUPAL PARASITES 
EVPTEROlV'..ALUS NIDULANS Foerster 

Eupteromal1L8 nidulans Foerster is the species described in the 
earlier publications of the gipsy-moth laboratory as Pteromal1L8 
egregi1L8 Foerst. (21 'f' 28). It has several generations each year and 
in New England is 0 . doubtful value as a :parasite of gips;r-moth or 
brown-tail-mothpupae. At times during itshistory in theUruted States 
it has been. found abundant in the hibernating webs of the brown
tail moth, where it feeds externally on the small caterpillars. In 
the spring of 1926 it was discovered by the junior author feeding on 
the hibernating caterpillars of the satin moth (7). Unfortunately, 
besides these beneficial habits it is often found acting as a parasite of 
several braconids, particularly A. lacteicolor. 

http:parasitiz.ed
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FOREIGN·DISTRWUTION. AND ABUNDANCE 

EupteromaZus nid'lllolnB.(fig. 54) is found over. much of Eui'ope; 
and has been reared ~t the gipsy-moth Jab~r~tory from bY0':VU~tlill~ 
moth webs collected m the Netherlands, SWltzerland, RUSSIa, and 
Japan, and from inshy' parts of France,. Germany; Ozechoslovakia, 
Austria', and Hungary. Adults were recovered from many places in' 
<J.uantities which suggested great abundance of the species at these 
locationa in Europe. . 

LIFE HISTORY AND HUlTS 

Eupteroma.lu8 passes the winter as a mature larva in the hibernating 
webs of the bro~,.tail moth in the pockets with the caterpillai'S~ 
(Fig. 55.) It also passes the winter as a mature larva within the 
cocoons of some of t4e Braconidae.. The adults issue in May. They: 
are sturdy little parasites and will live several weeks in confinement if 
supplied with a small quantity of moisture. There are several genera
tions during the sum
mer, each one requir
ing from two to three 
weeks. The adults 
oviposit freely in a 
large variety of - soft
bodied insects and es
pecially in the cocoons 
of Apanteles ...' . _oj)' 

In the fall the adults 'iI~~''''. 
often enter brown tail- 4 
mothwebs ando~posit ~ .,{I" 
on the caterpillars. . --- "-
Before .deposif:ing its \ ·l.lrltJr egg on a caterpillar the II,}
female usually pierces . 
th~ ca~rpillar wi~h i~ ~ y . 

O'V!posltor, renddenng It FIG. 65.-PortloDl of brown.tan.moth nestll, showing. caterpl11an 
9.Ulescent, an some- attacked by larvae of EupttromalWi ni4ul4n., X 3. (Howard and 
times fatally injuring F1sII:e) 

it. The larvae feed externa.lly on the small caterpillars within the 
webs an.d there pass the winter as full~wn larvae. In the spring,
within two· weeks after the caterpillars begin feeding,. the parasites 
have become matured and the adults leave the webs. . 

Species of Apanteles seem to be favored as. summer hosts and those 
with delicate cocoons suffer more than the species which have tough 
ones. A. mela1Wsc-(llus is only rarely attacked, whereas A. lacteioolor 
and several native species suffer to a considerable extent. It does not 
attack the puparia of tachinids to any appreciable degree. 

INTRO~UCTION AND COLONIZATION 

From the hundreds of thousands of brown-tail-moth webs sent to 
this country from Europe this species was reared in great numbers. 
The webs were merely placed in large boxes 30 by 24 by 24 inches 
called tube boxes (fig. 19, A), which were made so that nothing could 
escape exCept into the numerous glass tubes inserted in the upper 
third of th~ boxes. The adult parasites issued from the brown-tBil
moth webs! and entered these tubes, from which they were removed. 

• J 
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From about 10.0.,0.0.0. webs receivOOC'during the winter of 190.5-6,approximately 40.,0.0.0. Eupteromalus were reared. These wer~ liberated. in several colonies where the brown_tail moth was '\Tery abun.,..dant. During the winter of 190.6-7 another 10.0.,0.0.0. brown-tail-mothwebs were received from various European countries, f.J.:om which werecolonized about 40.,0.0.0. more adults of this species. The large. foreign web collections were continued during the winter of 190.7-8,but as the species had not been recovered from the previous liberations it was decided to handle part of the material in a different manner. The first webs to be received during the winter were placed inthe laboratory to induce the Eupteromalus to issue early. Theadultsobtained. in this ma.nner were supplied with freshly collected brow~,.tail-moth webs. The parasites entered them immediately and witQinthree or four weeks a new generation was developed. The rearingwork continued throughout the win.ter. Early in March, 190.8, theprogeny of 100,000. Eupteromalus in American webs were ready forliberation. These webs were divided into four equal lots and 'pla~din large perforated boxes which were then set out in. four widely separated localities, and the parasites were allowed to escape as theyissued. It was estimated that 20.0.,0.0.0. were liberated in this manner.Other American brown-tail-moth webs which had been parasitized in the same manner were placed in cold storage together withsome of the foreign webs. These were removed to the field in. theearly fall of 190.8' when the new webs were being. constructed. 1;t wasestimated that about 50.,000. Eupteromalus isSUf;ld at this time.During the winter of 190.8-9 another lacge.lot of Eupteromaluswere bred in American webs. They were held in cold storage duringthe early summer of 190.9 and liberated in the fall in one large colonyestimated to contain 20.0.,000 individuals. The following summaryshows the number of this species which have been colonized in NewEngland: In 190.6,40.,0.00; In 190.7, 40.,0.0.0.; in 190.8, ~5o.,Oo.o.; and in190.9, 20.0.,0.0.0.; making a total of 530.,0.0.0. individuals. 
COLLECTIONS OF BROWN-T.UL-MOTH WEBS TO DETERMINE THE STATUS OF THISSPECIES .. 

During the years when this species was being liberated, and for anumber of succeeding years, large collections of brown-tall-mothwebs were made each year at the colony sites and at various distancesfrom them to determine the effectiveness of the colonizations and thedispersion of Eupteromalus. During the later years of~he parasiteinvestigations webs have been collected each year from many locations in connection with the studies of the several parasites which thehibernating caterpillars contain.
No trace of Eupteromalus was found in 190.6 or 190.7, but in 190.8it was found abundant during the summer, at the places where it.had been liberated earlier the same season. In the early part of thewint.ar of 190.8 it was found as a mature larva in the webs, proving thatit had at least passed through the summer successfully. In the fallof 190.9 many Eupteromalus larvae were found in the webs collectedfrom the site of the large summer liberation of approximately 200,0.00parasites. The web collections made in the fall of 190.9 from thesites of the 190.6, 190.7, and 190.8 colonies failed to produce the parasite during the winter of 190.9-10. During the summer of 1910 itwas. not recovered and appeared to be lost, but it appeared againin Dec~rnber, 1910, and in the first part of the winter of 1911 in brown
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tail-mQth weqs ooll~ted ·from numerous plac~. For several years it 

oontinuootO be found in the webs. It .has· ne.ver been very abundant 

but it:s disprsion ,,:as very ~apid. . As earlY-as 1n6. it. had spread .over 

practically the entIre area;, mfested by the brown-tailmoth. . '. 

Table 33 shows the status of Eupt;eromalus..from 1908 to 19J5. 

TABLE SS.-Increase oj Eupteromalus. nidulans iii. New .. Englan,df 1908-19-,15, 

inclusive 

Brown· Mono- Eupter-
Brown· Mono- Euptei'"

tiill· Place ofcOllection tiill· dontom· omlilus
Place of collection dontoni. om81us mothmoth erus re- recov· and year erus re- recov- ,

and year webs col· webs col- covered' eredcovered ered lootedlected 

Andover, MoSs.:Concord, Mass.: 1009____________ 011108. ________• __ 100 222 9 5 1910___________ 100 19 !!fT·1009.___________ i58 28 0 1911____________
1910__________- 100 48 0

100 39 6 1912_____ •______ j 8191L__ ._.__• __" 100 is 0 100
1913______ •••_•• 100 13 11.1912.___ •• _____ • 100 7 19 1914__________ 100 0 181913__ •__ ._.____ 100 88 4 11115__• _____• ___ 181914__ •____ ._~_. 100 8 4 100 0

1915___ •••___•__ 14 Pembroke, MBSS.:100 1910__ ••_______ 125 1 0

PeebodYj MBSS.: " 191L___ ••.__•__ 4
1009._.___.__ •__ 325 0 100 27

1912.__________ • 10 19iii1910___ ...._••_._ 100 3 __________ 100 
1913~ 100 1 01911._____ •_____ 100 121 0 1914__________ 61912____________ 100 11

100 13 1
4 

1915___• ___ •____ 100 0 36 .<)1913••• ___• __ ••_ 100 48
191-'--___ •______ 100 8 17 Vessalboro, Me.:1910_________ ._ 1 01915___•_____ •__ 68100 3 0 191L___________ 1 6100

Portland, Mo.: 1912___ •______ ._1910______ •_____ 100 3 0 
1911._____ • ____ 100 65 0 

1913~____ •__ ._._ 100 72 .10 
1912._____ .. ___ ._ 300 93 6

0 1915~___• ____._ 100 0 5
100 .12

1913____________ 100 38 0 Nashua, N. H_:1910.___________ 7100 191914._____••____ 168 91 7 191L__________ 45 21915••____ •_____ 100 118 11 1912_________ ~__ 200
100 6 0

Rochester, N.lI.: 1915_______ ~____ -41910_____ ••____ 100 6100 37 0
1911___ ~._____._ 200 90 2
1912____________ <"-'f100 90 0 
1915~__________ • 100 1 0 

These data are only a few of the typical ones which have been. 


'obtained in regard to the.abundan,pe of this parasite. After 1916 it 


gradually became less a.bundant in the hibernating webs and ,during 


the last few years usually:.. less than 10 specimens have. bee.nOb.tained 

from all of the brown-tail-moth webs examined. There was a slight 


increase in the abundance of Eupteromalus in the webs examined 

during the winter of 1929-27 as shown in Table 30. !tis probable th8~ 


it is already established w(Oll beyond the brown,..tai!-mQth dispersion line 


for it is not dependent on this host. No attempts to recover itbeyond 


this line have been made. Althou~h its dispersion has continued to 
increase, its abundance has matenaUy decreased during the last 10 

years, except for a slight increase in1927. 

VALUE OF EUPTEROMALUS NIDULANS 

There is not a great deal to be said in favor of this parasite. Even 

in the years when it was recovered in some abundance the percentage 

of hibernating caterpillars which were destroyed by it waS not large. 

It seems able to work Qruy in the most easily entered pocket~ ·of the 

webs, and in such places it often deposits so many eggs that the 

resulting parasite larvae quickly consume all of the caterpillars in 

the pocket and most of them die of starvation or cannibalism, or 

mature to small, weak adults. In addition to the ineffectiveness of 

the species as a brown-tall-moth parasite its apparent preference 

for braconid cocoons is to its discredit. The recent discovery of its 
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feeding on hibematingSatin-moth ca.terpillars offers; for the. present 
atleast, a hope tha.t it will 'find this .species more to. its. liking. ...... : ~ " 

TOTAL COLONIZATION OF GIPSY AND BROWN!>T,AIL MOTH 
PABASITE~r AND J~REJ)ATORS 

The C?OIonization of the different.introduced pai'asi~san~ ~~dators 
of the gtpsy moth and the brown..;tail moth are summa~ed lD TapIa 34. 

TAULE. 34.-Foreign enemies of Porthetria. diSpar a~ Nygmia. phaeorrhoea hoer
aled in North Americi:i ' .. 

l\Tumber subsequently libem~C 'L
Number 
ofindi . . . \_'1..;tBi? 
viduals Byfeo Byrepro- From New numbers

Species of foreign produC)o duction England of enemies ' 
stoCk tion from from as- II I Ii

foreign tabllshed e d col- ilerated
liberated stock stock lectlons 

Anuiama cUaparb R1ISChklL ____ - _____________ _________________.____ 65,505; 513
138,680 65, 644, loa 
65,000 ~245 310,245.AJl&Utelealacteioolor Vier _________________.----- ________._ ____________ 

Apantela liparidu ,&mcM__________________ 76, 102 , m,on Apantelea melano_lua RaIL____________·______ 23,476 _~_~~:~:~_ ----ia2;ifr :::::::::::: 155, 653Apanteles solitariiIS Ratz______________________ 22,546Apanltlu pqrthetriae Muuebeck _______________ _ • 22,54612,065 ---22,-522- :::::::::::: :::::::::::: 20,1ll8 ________________________________._ 34,5P:1 
Brochumerin intermedin (N..8)~ ..~-----------"~ 39:l _________________________________ _ 20,798Brochvmerln aWcurata (Walk.) (1) ____________ _ 

~Carsbus arvensis Fab__________________________ 1fl8 • ____ ___________________________ _ 39t 
108Carabua auratua L ____________________________ _ 478 ________• ________________________ _ 
478Carab,us glabrntus Payk.______________________ } tl3 _________________________________ _

Carstus vlolaceus L .._________________________ 63 
Cuab\i.a nemoralio L__________________________ _ 
Carceffi\ luitrona ViIL__________________________ 136 136 

9,742 9,142Carce/la aeparata Rond________________________ _ 11,061Calosoroa chinense Kirby_____________________ _ '17, m------i2ii :::::::::::: :::::::::::: 
Cal080ma l7U/uultor L _________• ______________ _ 259 '0 ______________________ _ 268 

2811CaJosoma retlculatum Fab____________________ _ 83 '0 _____ •_______________~--
110Cato.oma aycophant& L _________________________ 2,711 _______.__ ____________ .63,8'10 611,1J81Complilura concinnala J(elr___________________ _ 25,134 __.,___•__ • ____________ 122,625 147,759

Crossocosmla lIavoscuteUata Schlner (1) • ______ }
Cr088oco8mia 8erlcarlae Corn __________________ _ 700 100 
Ephialtes (Ephialtes) examinator Fab~________ } 402 
Ephlaltes (EphiaiteS) Inst/gator Fab___________ ---------- ------------ -----------  40lI 
Eudcromyla magnicornis Zett.________________ 4,568 __________________________________ 4,568

530,000~==~~r~~::=:==::=:::=:::: ---i2,-M3- _~_~:~. :::::::::::: ::::::.:::::: lZ;543):,vdelin n/gripea FaIL _______________________ 10,692 __________________ c__ : ___________ _~-- 10,692Maslcern sylvatica FaIl________________________ 23 ________.____________. ________~--- 23Mettorua}aponictU A.lIm _________________.__.___ 5 395 _c_____________________ _ 400Meteorus pillchricornls Wesm_________________ 4, 118 _____________•__________ 122.J(eteorua Teraicolor Weam. ___________~ ______.__ 3,113 _______________._____ 7,887 11,000Jlonodontomerua aereus Walk_______.::________ 15,541 ____ .----___________________.----  15,54.1 
582

Palespavlda Melg______________________ .______ 1J82 _________________________________ _ , 
PlIorowa a~/li8 R. D_____________:... _____.______ 18,445 2, 278 _______•______________ _ 20,7ZJProcrustes corlaceus L._________________________ 75 _________________________________ _ 75
Schediua knvanae How_________________________ I; 103 ~________ ~ 25,675,884 ____: __ •____ 25, 677, 5P:1StuTmin inconapicua Me/u______________________ 13,364 ______________________ •_________ _ 13,364SCurmia.Didicola Towne________________________ 3,500 _____________ .-.______.'________ 3,liOOmurmia acutellata n. D_________________________ 11,0117 __________ ____________ . 73,546 84,64.1 


471
'§.~~~: 1:r.::r;!~ I~~~:::::::::::::::~:::=:: 42, m:::::::::: :::::::::::: :::::::::::: .f.2,I52 

9;420 


10,499

.,6liO 

76,000~1~~~~;~~~~~~~~~~~~~~~I~~ /~~~~:: ~~~~~~ ~~~~~~~~~~~ m~~~I~~~~ 
115 

9.323·Xvlodrep.a. quadrlpunctata Schr_________________ 100 15 ______• _________________ ' 


Zcnlllia lUJiUriz Panz_____________ .-----_------- . IiIH ---------- ------.•-. --- IiIH
..,--:::-..,--:-:-.,..---:-::---,:--I-:::-=-:=-=: 
ToteL.___________________ ~••----------. 574,402 673,530 25, soil, 061 66,028, 686 93,084,679 

Species names set in bold-fsoo ~ are positively established. Species names set in italics bave' been 

re<:elved ond liberated duriDg the lWIlDt tORip mv=t1ptlolll1. 


1 From a beginning of 288 IndiViduals. 
, Some doubt as to tbls.species.
, Some of these Carcelin gnaoa Melgen. 

I Some oC tbls number were obtained by reprodnctlon work with Corelgn and established stock, 

'Number of Corelgn.stocic reeeived not known, bnt It was very many less than tbenumber given • 

• 80me reproduction Crom foreign stock but mostly Crom established stock, 

r Includes some oC multibrooded tachlnlds liberated Crom 1006 to 1007. 

j Mostly ,Tach(71a larrarum in 1921J; 

• Number or foreign stock received not known. 
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Table 34 shows a total of 93,084,679 enemies of these insects liber
ated in this country. Of this number 91,321,780 are parasites of the 
gipsy-moth eggs. As these species are very slow in spread.ing, exten
sive colonization has been necessary _in order to establish them more 
qUickly over a large area, and their life histories and habits have made 
it possible to handle them in large numbers. The other species spread 
more rapidly, and it has not been necessary to colonize them so 
exte!lsi~e~y. Many of the speci~s h~ve been increased from relatively 
few mdiVlduals. Of the 47 specIes liberated only 15 are known to be 
positively established, and of these only 9 or 10 appear to be of import
ance in Now England as enemies of these pests. The list contains 
many species that are apparently of great importance in their native 
countries but are not yet established here. A few of them probably 
never can be, but there is still hope that some of the species recently 
colonized will become established. 

NATURAL MORTALITY OF THE GIPSY MOTH AND BROWN
TAIL MOTH IN NEW ENGLAND DUE TO CAUSES OTHER 
THAN THE IMPORTED INSECT ENEMIES 

None of the native parasites have so far attacked either of these 
introduced insects to any considerable degree, and they are of slight 
importance in controlling them. The following native tachinids 
have been reared in limited. numbers from both the gipsy moth and 
the brown-tail moth: Tachina meV.nr Walir., Achaetoneura jrenchii 
Will., Phorocera claripennis Macq., and ZeniUia blanda O. S. Gonia 
capitata De Geer, Phorocera pachypyga Aldrich and Webber, and 
Phorocera saundersii Will. have been reared from the brown-tail 
moth only. Native Hymenoptera are reared from these two insects 
in New England about as frequently as the native tachinids. Some of 
these hymenopterous parasites are of doubtful value, as they frequently 
interfere with the efficiency of the imported species. Trichogramma 
minutum Riley is often recovered in small numbers as an egg parasite 
of the brown-tail rooth. 

Among the predacious enemies of these insects Kirkland (in 13, p. 
893) found that the Heteroptera were of some importance. The senior 
author (2) recorded several Carabidae feeding on the gipsy moth, and. 
in 1898 (3) reported one of the dermestid beetles destroying a few 
egg clusters of the gipsy moth. Although dermestids are occasionally 
obseryed in gipsy-moth egg clusters in this country they have not 
been so importllnt here as they sometimes are in Europe. 

During the summer of 1925 Dermestes lardarius L., a cosmo~politan 
species, WIlS found in considerable abundance at Belki, Czecho
slovllkia. P. B. Dowden and A. Ogloblin, who assisted him in conduct
ing the gipsy-moth rearing work there, found the grubs of this insect 
feeding freely in a great number of freshly laid gipsy-moth egg clusters. 
It was estimated thllt Ilt least 50 per cent of the e~g clusters in some 
parts of the infestlltion contained the grubs of thls beetle, and that 
they were actually eating the eggs was determined by careful examina
tion. A few feeding experiments were conducted which verified these 
obsel'Yations. The abundance of the insect is illustrated by the fact 
that 1,000 specimens were collected in 11 single dllY although usually 
only one grub was found in each egg cluster. 

l 



144 TECBNIC.AL:BULLETIN86, U. S. DEPT. OF AGRIqiULTURE 

The junior author and. R. T. Webber on severalll)ccasions have 
reported seeing gipsy-moth infestations where practieally all of the 
egg clusters had been destroyec;l and. only the hairs which outlined them 
remained on the tree trunks. Such conditions were seen in Yugo
slavia, Rumania, and Hungary. In the light of Dowden's obser
vations it seems probable that these infestations had heen cleaned up 
by dermestids. C. F. W. Muesebeck is making further investigations 
of the life history and habits of dermestid enemies of the gipsy moth 
in Europe. 

OccasIOnally, spiders destroy the caterpillars of the giipsy moth and. 
the brown-tail moth. Nematodes are reared sometimes from the 
caterpillars of the gipsy moth and mites have been recorded as destroy
ing their eggs. Forty-six species of birds have been recorded (16) 
as feeding on the gipsy-moth caterpillars and 31 on those of the brown
tail moth but only a few of these can be considered important. 

During severe outbreaks of these insects many die fr()ID starvation. 
When conditions are suita11e the wilt disease of the gi:psy moth and 
the fungus disease Emomophthora aulicae Reiche of the brown-tail 
moth occasionnlly become epidemic, and enormous numbers of the 
caterpillars and pupae are destroyed. 

Many caterpillars fail to develop during'seasons of unfavorable 
climatic conditions and severe winter temperatures often kill large 
numbers of unprotected gipsy-moth eggs end. hibernating brown-ta.il
moth caterpillars. 

Notwithstanding the natural mortality of the gipsy moth and the 
brown-tail moth caused by native parasites and predators,unfavor
able climatic conditions, and disease, these pests continued to increase 
and cause enormous damage to tree growth, and the only relief that 
has been obtained has been due to the importation of the natural 
enemies from abroad and the vigorous use of hand measures such as 
cutting and destroying brown-tail-moth webs, spraying the trees 
with poisons, and destroying the egg masses by the use of creosote. 

CONCLUSION 

The foregoing :information concerning the imported natural ene
mies of the gipsy moth and the brown-tail moth reviews briefly their 
status in America. Although intensive work has been c.arried on for 
many years there are still numerous problems connecll;ed with the 
lltilization of beneficial insects that require investigation and inten
sive study. Work of this kind in this country mUl'\t be correlated with 
corresponding investigations abroad. A good start has been made with 
the latter project, facts having been obtained which will make the 
natural control work more certain of permanent results and perfect 
the methods used. 

The results thus far accomplished by utilizing parasites against the 
gipsy-moth have been extremely beneficial and have saved the forests 
of New Englancl from destruction. From 1905 to 1916 the severity of 
forest defoliation showed no decrease in intensity. In mllny areas the 
greater part of the trees most subject to gipsy-moth attack were in 
a dying condition or had been salvaged by cutting. Foreign natural 
enemies were being introduced and liberated in substantial numbers, 
and field recoveries showed that many of the species were becoming 
established and increasing. From 1920 to 1924 the acreage defoliated 
gradually decreased until during the latter year few completely 

4 
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defoliated areas could be found. The combined percentage of par
asitism by aU species increased and in 1923 the maximum was reached, 
but the following year a decrease occurred. After 1924 the gipsy 
moth increased rapidly in eastern Massachusetts, and defoliation has 
reached its former severity over a large. part of the older infested area. 
The deposit of gipsy-moth egg clusters was greater in the fall of 1926 
and 1927 over the entire area than for many years, the greater density 
being noted in the region south of Boston, but severe infestations are 
present in N e\v Hampshire and Maine. The parasite population was .~-q ... 

at a low ebb in 1925.. There was It slight improvement in 1926 and a 
noticeable increase of several species in 1927. It is impossible to 
forecast what conditions will prevail during the next few years. 
Unless the parasites increase rapidly and do efficient work in the worst
infested areas the chances of preventing the westward spread of this 
insect will be greatly reduced. 

In order to keep the barr:icr zon~ in ~vesten:t New England and 
eastern New York free from lllfest~tlOn tte contiguous terI'ltory east
ward must be kept in good condition. 

Artificial methods of control can be employed satisfo.ctorily in cities 
and towns, and although the expense of operation is rather high, they 
serve a useful purpose and assist in bringing a:bout the control of the 
insect. In large forest areas, however, natural control by parasites 
and the elimination oC favored food plants by thinning are the only 
methods that can be used without undue expense. It will be seen 
that the success of thela:rasite work is one of the essential factors 
in preventing the sprea of this pest. 

The brown-tail moth is destructive, I1t the present time, only in 

the eastern part of the infested territory, and has been more susceptible 

to the attacks of parasites than the gipsy moth. In some parts of the 

infested area the increase of the species has been hindered by unfav

Ol'able winter conditions. Cutting and destroying the winter webs 

by hand is an effective remedy. . 


The result of 24 years of work has demonstrated the great value of 

this experiment in parasite introduction-the most intensive and 

extensive that has ever been tried. 
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