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1 IMPORTED INSECT ENEMIES OF THE
= GIPSY MOTH AND THE BROWN-TAIL
By A. F. Buncrss, Principal Euloniclogist, in Charge, and.S. 8. Crossmax, Senior

.'E'ﬂfwwlog‘iaz, Gipsy Moth and Brown-Tail Moth Investigations, Bureau of Enio-
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INTRODUCTION

Mogre than twenty years have elapsed since sctive work was begun

to import from their native homes and liberate in the United States

-3 the perasites and natural enemies of the gipsy moth, Porthetria dispar

- Linnaeus, and the brown-tail moth, Nygmw phaeorrhcea Donovan.
1781°—29——3
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. At the time this work was initiated, many of the towns in easfern
Messachusetts within & radius of 30 miles of Boston were swarming
with caterpillars of these insects, and hundreds of thousands of secres
of forests, as well as most of the parks and residential sections of the
cities and towns, were overrun with these pests. To mske con-
ditions far more serious, there were known to be vigorous colonies of
these insects throughout southeastern New Hempshire snd in York
County, Me., in Providence, R. 1., and in the towns surrounding.

The statements of multitudes of citizens who suffered material loss
s well as personal inconvenience were fully as emphatic as were those
of the entomologists who were called npon to review the situation and
to abtempt some measure of relief frém the ever-increasing hordes of
these pests. For n few years hand-control measures, although vigor-
ously applied, resulted in little relief, except in limited areas where
the most intensive work was done, and completely defolisted aregs in
late June and July bore witness 1o the dangers which threatened the
tree growth of New England.

The idea of bringing to this ccuntry the natural enemies of these
pests was halled with enthusiasm, and hope was frequently expressed
that speedy relief would result.

In 1911 » report on this work was published by Howard and Fisk
{14)}, whick reviewed the efforts made and the results obtained up to
that time. )

This ettempt to introduce parasites and netursl enenmiies to con-
trol two closely related foreign pests was the largest in scope that had
ever been plapned and executed, and no appreciable relief vas evi-
dent at Lhe time this report wes published. The gipsy and brown-
tail moths had continued to spread and enormous areas were defoli-

ated each year in outlying territory, in spite of the fact that some of
the most promising parasites had begun to obtsin a foothold and that
intensive control work had been undertaken by all the States con-~
cerned and by the Federgl Government.

The difficulties of securing parasites and of establishing them sue-
cessfully in & new country were not fully realized at the time the work
began, and the period which was reguired to make even 2 slight

reduction in the swarms of their fecund hosts could not be estimated.
Many of the basic facts relating to the habits of the beneficial species
which it was sought to introduce, as well as to the prpper methods for
the handling and successful transportation of these delicate 2nd insome
ceses minute species, were to be learned by years of constant experi-
ment and study. Furthermore, the popular idea that a single species
of parasite might suffice in effecting contrel proved to be fallacious
for this does not happen in the native homes of these two pests.
The difficulties of the problem were further enhanced and the final
results were somewhat clouded because of the fact that in many
countries in Kurope, as well as in nurthern Africa and Japan where
paresites are present end ure pericdically effective, there are periods
vhen the hosts become excessively sbundsant.

The work on the introduction and coloidration of naturel enemijes
hes been continued even more intensively since the bulletin cited was
published, and it is being pushed at the present time. As the years
pessed by, more knowledge was obtained by experience and from

1 Reference Js made by italic numbers in parentheses te * Litsrature cited,” p. 145,
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DIFFERENT STAGES OF THE GIPSY MOTH (PORTHETRIA DISPAR)
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experimental work, and it is the purposs -of ‘this ‘bulletin 0 review

‘briefly the results obtained.? ™

In order that the relation of the imported '.ﬁar'asitas to their hosts =

may be understood, & brief description ‘of the life history and habits
of the gipsy moth and the brown-tail moth is given. -

LIFE HISTORY AND HABITS ‘OF ‘THE ‘GIPSY MO¥H,
PORTHETRXA DISPAR LINNAEUS

EGGS

During 9 or 10 months of the year the gipsy moth is in its egg stage '

{fig. 1). Most of the eggs are laid during July, elthough ¢>me are
. . a )

M

Fic, 1,—Llfe cyele of the gipsy moth

aot laid until August. They are laid in layers protected by buff-
colored hairs from the ebdomen of the female as shown ia the lower

: Dring the nrg of the work on gipsy moth and brown.taff moth parasites hundreds, perhaps
thousands, of men have assisted in making possible the results set forth. They inclode rot only the men
directly employed in this work at the gipsy-moth laboratory at Meleose Highlands, Mass., but o bost of
vther Siate, Governmont, and town otficials, as well as mapy eitizens whode suggestions and information
concerning locnd conditions have been invelusble. Eotomologists and other oflicinis In mmany forelmmn
Isnds heve afforded every help within their power sud many of the embessles and consuels of the Toied
States in forelgn countries, and the United Stetes Dispateh ageot in New York City, hove smooathed the
way for foraign investigotions and miede possible the expaditious dispatch and dellvery of shipments ol
Jnrgsites whue time waos the vitul feetor auid when a slight delay might have meant the desth of tha delicate

znuterial fn the shipmeats and thy possible failzre of Az entiro scason's work. Toeall who bava assisted this

work in oy eapaeity gratelul seknowlndgement is vxtonded.,

T

7.3
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right corner of Plate 1. The nuwmber of eggs varies considerably,
but averages from 300 to 400 for each cluster. They are deposited
on the tree trunks and on the under sides of the branches. Sometimes
they are found on the leaves and often on a great variety of objects
on the ground near trees. Hatching starts m 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 seversal 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 heirs and later perforate the opening leaves. The
larvae develop rapidly, and the quantity of food they consume ineresses
very meterially as they epproach maturity. Sixth-stage caterpillars
immedietely efter molting measure from 30 tc 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 e of the segments from the second to the sixth,
inclusive, and & peir of red ones on the seventh to twelfth segments,
inclusive. These are characteristic -of the large larvae and are quite
conspicuous. The caterpillars becoms full grown esrly in July.
Female moths develop from sixth-instar caterpillars (78}, and males
from the fifth instar.
t A study of the food plants hses been made (77), which resuited in
their arrangement into four classes according to the degree of favor-
ability as food for this insect. Among the most favored food plants,
are oak, apple, soms of the birches, linden, beech, aspen, and willow.
Several of the conifers are favored es food by the larger caterpillars,
and the blueberry, cherry, elm, hickory, and maple are often freely
eaten.

PUPAE

The caterpillars pupate early in July. The pupae are chestnut
brown and are often found in eclusters attnched to trees, or other
objects, by fine silken threads. Many female pupae are an inch or
slightly more in langth, The male pupae average somewhat smailer.
Tke pupae sre provided with characteristic tufts of ocher-yellow
hairs. About 10 days after pupation the moths emerge.

ADULTS

The mele moths emerge before the females and fly shout in a
zigzag course. They measure from 114 to 2 inches from the outside
point of one expanded 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 114 to 214 inches between the tips of the
spread wings. 'They are of a light cream coler with dark wing merk-
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. Xgg laying begins
soon after fertilizetion and vhe majority of the eggs are deposited dur-
ing the first day of oviposition, although several days mey be required.
As the eggs are deposited the abdomen of the femele shrinks, and she
usually lives only 2 short time after lasying. : '

L4
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DIFFERENT STAGES OF THE BROWN-TAIL MOTH [(NYGMIA PHAECRRHOEA)
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GIPSY MOTH AND BROWN-TAIL MOTH INSECT ENEMIES B

LIFE EISTORY AND HABITS OF THE BROWN-TAIL MOTH,

NYGMIA PHAEORRHOEA DONOYVAN -

BGGS

‘The ;eggs of the brown-tail moth are usuelly laid on theinder side

. 'They are placed in & cluster, usually smaller than the
gipsy-moth egg cluster, messuring about one-half inch in width and
two-thirds of an inch in length. The average cluster contains about
300 eggs and is given a reddish-brown color by the hairs from the
abdemen of the female, in which the eggs are packed. At the lower
left of Plate 2 & brown-tail moth is shown in the act of depositing an

¥ig.%—Lifo ¢ycle of the brown-tail moth

egg cluster, and also a completed egz cluster on the seine leaf. Just
.befow is seen one of the clusters broken open. "They are usually
deposited during the middle or last of July {fig. 2). In contrast to
the gipsy moth, which remains within the egg during the winter, the
brown-tall moths hatch during August and the small caterpillars feed
‘before entering their hibernating quarters.

LARVAE

The newly hatched larvae are smaller than the young gipsy-moth
larvae. They feed in groups on the upper surface of the leaf and after
molting begin the construction of their hibernating web.




6 ., TECENICAIL BULLETIN 86, U. 8. DEPT. OF AGRICULTURRE

. This web is constructed by the small cat?il_lars drawing togsther
several terminal lesves, often near the egg cluster, and Securelgy fas-
tening them with silk. The larvae from one or more egg clusters often
feed together until cool weather sends them into their hibernstin
webs. ‘The web is very tough and full of pockets in which sm
oups of the caterpillars pass the winter. The webs are gray and
rom 3 to 6 inches in length.

The larvae issue from the webs ususally in April when the early leaf
buds are beginning to open. The small caterpillars feed on the leaves
and fruit buds end later, as they develop, devow: practically the entire
leaf, often com];)letelg_1 defoliating the trees. The larvae become full

own about the middle of June, at which time they are about 2 inches

ong. They have a general brown appearance with & broken white
stripe on each side of the body. A .conspicuocus orange-red tubercle is
located dorsally on the sixth and on the seventh abdominal segments.

Apple and pear are especially favored food plants of the brown-
tail moth larvae, although plum, osk, willow, and wild cherry are often
atbacked. ‘The larvae stmetimes feed on elm, maple, and rose and
occgfsion&lly attack hickory, ash, chestnut, and birch, but never
COn1Iers.

PUPAE

The full-grown caterpillars spin loosely woven cocoons and in these
they pupate. The cocoons are found, clustered or singly, in deaves
and on the trunks and under sides of the branches. The pupae: ere
dark brown, and about five-eightks of an inch long. Approximately
two weeks after pupation the adults emerge.

ADULTS

Emergence usually occurs during the first week of July, but varies
with the season. The moths are pure white except the fip of the
abdomen, which is thickly studded with brown hairs. The abdonien
of the male is slender, that of the female much stouter. The female
mesasures between the tips of the expanded wings abou} 114 inches,
which is slightly greater than the wing expanse of the males. Both
sexes are strong fhers and are attracted to bright lights, near which they
sre often seen in large numbers during the first kalf of July.

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

The gipsy moth was brought to Americe in 1868 and was accidentally
established in Medford, Mass. The insect had become so destructive
by 1890 that the State of Massachuset(s began active field operations
for the purpose of exterminating it. After the discovery of the brown-
Elail moth mn the same territory measures were taken for its control

s0.

The brown-tsll moth was discovered in Somerville, Mass., in 1895
and hed probably been imported a few years before on nursery or
florists’ stock. At the time this insect was first noticed, fruit and shade
trees were being seriously defoliated.

From May, 1891, to Februery, 1800, admirable control work against
the gipsy moth and the brown-tail moth was conducted. In fact the
work was so successful in bringing about a scarcity of these insects
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that those responsible for making continued appropriations considered
that further work was unnecessary, and the project was abandoned.
With the present knowledge of control and eradication work it seems
reasonable to believe that both the gipsy moth and the brown-tail
moth could have been exterminated if the work had -been continued.
‘There were only 359 square miles sparsely infested by the gipsy
moth. The ares infested by the brown-tail moth probably was greater,
but the eradication of this insect would have been more easily accom-
plished than the eradication of the gipsy moth. “The amount of
money necessary to finance such an extermination project would have
been only a small portion of the sum that has subsequently been
expended.

THE ABUNDANCE AND SPREAD OF THE GIPSY MOTH AND
THE BROWN-TAIL MOTH FROM 1905 TQ 1927

The abandonment of the eradication project for five years allowed
the moths {0 inerease enormously and to spread tosuch an extent that
when the work was started sgain in 1905 the gipsy moth 'was found
over an ares covering 2,224 square miles, :amgl the brown-tail moth
over an gree even greater. The gipsy moth had become established
in Maine, New Hampshire, and ﬁlgode Jsland, while the brown-tail
moth had spread the entire length of the Atlantic coest line from
Nantucket, Mass., to Eastport, Me., and St. John, New Brunswick.

There are many published records depicting the abundance of these
insects. The following statement by A. H. Kirkland (15, p. 12),
superintendent of the work in Massachusetts, prepared during the
late fall of 1905, gives an idea of the seriousness of the sitvation:

As would have been expected, cluriui1 he years 1900 and 1901 but little notable

damage was caused by the gipsy moth, although evidence was not wanting to

the trained observer that it waas rapidly multiplying in woodlands-and on neglected
private cstates. It was apparent that nonresident property owners particularly

peid practically no attention 1o the increase of the insect, and that farmers
and others owning infested woodland areas were unwilling, because of the expense,

to fight the pest. In 1802 numerous estates were severely injured throughout the
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 rumhbers in various parta

of the infested district. Serious colonies had developed in the woods of Arlington,

Medford, Saugus, and Malden, and the Lynn Woods colonies kad assumed notable

proportions. In 1904 it was apparent 4o all that the gipsy moth bad developed toa

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
acticn against the moths. While in many places in the afflicted distriet the trees

under the charge of municipal authorities were cared for with considerable success,

private estates and woodlands in June and July presented ghocking scenes of devas-

tation. In many places the work of fire could not have been more thorough or
alarming. From Belmont 10 Saugus and Lyns a continuous chain ‘of woodland
eolonics 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 sutomobiles, and were thus widely scattered. 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 caterpiliars. Real estate in the worst infested districts underwent a

notable depreciation in value. Worst of all, pines and other conifers—altogether

tco scarce in enstern Massachusetts—were killed outright by the gipsy moth cater-

piliars, while shadé irees and orcharde were swept bare of foliage, Property

awners who were disposed to care for their own estates suffered and became dis-

cournged from the neglect of their neighbors. Ii was evident that the moth pests

were in the aseendency, and that they could he controlled only by prompt,

thorough and systemautic effort.
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Many of the conditions just described continued for several years,
although, in general, the suppression work previnted a great deal of
such devastation in residentaal sections and along the main thorough-
fares. In spite of the artificial control work which was done the insects
continued to spread, and as the years passed they gradually became
abundant over the greater part of the eastern hHJ.}{r of Masgachusetts,
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 were found in Pennsylvania, New Jersey?
apd Ohio. All of these have been exterminated excepting a severs
infestation in New Jersey, which was jocated in 1920 and found to have
spread over approximately 400 square miles. Work is being con-

ucted jointly in this area by the State and Federal forees. The area
infested and the intensity of the infestation have been greatly re-
duced, and extermination of the insect in New Jersay 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 international border near the New York and Vermont
State lines. This Infestation seems to bave been eradicated, but
work s being conjinued 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 five years less defoliation was caused
by the gipsy moth than for any period since the work was begun in
1905. %} 1925, however, a serious infestation sprang up over a con-
siderable aren on Cape Cod which in 1926 increased 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 o increase
in abundance in 1927 over a large part of the older iniusted territory,
and a survey including the heaviest infested areas in all of the New
England States showed partial to complete defoliation in about 140,000
acres. Over half of this area was from 75 o 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. It has been
persistently abundant in & section in southeastern New Hampshire
and southwestern Maine during most of the period. The reports
for the year 1927 indicated that this species also was somewhat more
abundant than during the previous years,

In recent years the field-control work to prevent further spread of
these imsects underiaken by the Buresu of Entomeology of the United
States Department of Agriculture has been confined to an ares,
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-control operations has
contributed materially to the excellent results that have been obtained

1This is a sepamats intreducticn, not spread from New England.
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in the barrier zone. Long-distance spread has been prevented by
the enforcement of quarantine regulations, and shipments originating

e
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Fig. 3—~Dizparsion of intreduced coemles of the gipsy moth end the brown-tall moth, 1827
The horizentelly Hned section is the ares querantined because of the brown-tall moth.  This
aren bogether with the perpendicularly lined section is the area quarantined for the gipsy
math, The limits of the present-known dispersion of the princlpal intreduced enemiss of

the gipsy moth and the brown-teil moth are shown by the Iines on the mmap

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. 1s 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 moth and brown-tail moth public nuisances and.
providing for their suppression. A. H. Kjrkfand was appointed
superintendent, in genera}! charge o the work of suppressing these
moths. In additior to the appropriation of funds to meet the expenses
incurred by the moth-suppression work, an appropriation was mada
fof the purpose of experimenting with the natural enemies of the
moths. The latter _appr(?)riation was used, with a small appropria-
tion made by Congress, for the purpose of studying and importing
the natural enemies of the moths. Very soon 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 mtroduction
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 salled for Europe and held consultations
with many officials and entomologists of several couniries, This
resulted in the receipt of a number of shipments of paresite material
during the season.

In Doctor Howard’s first report {15, p. 125) to the superintendent
for suppressing the gipS{ moth and brown-taill moth he refers to
the fine cooperation of the ‘‘official entomologists of Europe,” ard
SRYS: _

* * * pll 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 personsl services of the official entomologists, however,
have been gratuitous. . o

Mention is made here of this early coopersation of foreign entomolo-
gists in this work, since their interest and hearty cooperation from the
beginning to the present time have made the work possible.

The State of Massachusetts and the Federal Government coopersted
in this investigation from 1905 to nearly the end of 1911, when &
reorganization was arranged, and the Bureau of Entomology tock
over the laboratory and importation work in its entirety,

During these years Doctor Howard made several European trips,
and at first arranged with a number of European entorologists and
a%encies 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 Bureau of Entomology went to Europe and Japan to study
these pests in their native lands and to send their natursl enemies
to this country. In 1914 the foreign work hsd to be abandoned
because of the outbreak of the World War, and no further investiga-~
tions were made until 1922,




‘ -~ . RECENT FOREIGN WORK:
- Since the spring of 1922 the Bureau of Enﬁgﬁmlugy has been con-.

.ducting the. foreign work; endeavoring to introduce several natural
enemies of the gipsy moth which apparently did not become established -
-during the former importation work. In the earlier work several of the
‘species were never received and liberated in satisfactory numbers;
.and others, although colonized in large numbers, were liberated under
coriditions which were not favorable tw their establishment. :
_ ‘The foreign parasites which have been received at the gipsy-moth
laboratory (fig. 4) during the last few years have been obtained, for
the most part, by rearing them in their native countries from gipsy-
‘moth caterpillars. S o e
During the spring of 1923 the junior author; accompanied by R. T.
Webber, made a search for gipsy-moth infestations in France, Spain,

¥16. 4.—The gipsy-motk: Iaboratory yard and Insectary at Melross Highlands, Mase  (Burgess)’

Italy, Germany, Austria, Hungary, Rumania, and Poland. In only
two of these countries were gipsy-moth infestations found which were
of sufficient size to wairant establishing temporary laboratories
where caterpillar collections eould be made. An indication of the
scarcity of the gipsy moth over a large part of Europe was shown the
previous year when the junior author searched for gipsy-moth infesta-~
tions over much of the territory of the first four countries named, and,
excepting in Spain, was unable to locate an infestation of suflicient
size to make possible large collections of the caterpillars,

" After a search had been made in several countries without success,
o gipsy-moth infestation of medium intensity was located at Debrecen,
Hungary (11}, a town about 120 miles east of Budapest. Here
arrangements were made for laboratory quarters (fig. 5, B), a large
number of wooden trays with eloth bottoms were made, and the col-
lection of large numbers of caterpillars was begun. During the seasor, .
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over 100,000 caterpillars were obtained, from which about 44,000
parasites were reared. A few small trays containing 1060 caterpillars
each were also kept. From these it was possible to gather more ac-
curate information on the degree of parssitism than could be ohtained
from the large trays, each of which contained several thousand gipsy-
moth caterpiliars. The records obtained from the small 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 Sturmie scutellaia.

Caterpillars were collected almost every daylas long as it was pos-
sibls to find them. Xach day the caterpillars 1n the frays were sup-
plied with fresh oak foliage, and the remains of the previous day’s
feed removed. Tachinid parasites were practically the only ones
reared in bhis work. The maggots were removed each day as they
issued, and placed in 8 large box containing fine damp sawdust,

Fia. 5.—Buildiags used as termporary insectaries during the recent Buropean parasite investigations:
A, AT Bajo, Hungary; B, Delyecen, Bungery, C, Madrid, Spain; D, Galgemaess, Hungary

1n which they formed their puparie. Several fimes during the season
these puparia wers separated from the sawdust and packed in boxes
with new sawdust for shipment to the United States. Wooden boxes,
about G inches long, 4 inches wide, and 3 inches deep, served well for
shipping tachinid puparia. 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, a;.d Hungary,
That year 5. M. Dohanian accompanied the junior suthor and Mr,
Webber. Mr, Dohanisn remsained in Spain and carried on the work
there. About 75,000 gipsy-moth ceterpillars and pupse were handled.
Most of the caterpillars were kept in Spain to obtain the parasites.
The majority of the pupse were sent to Melrose Highlands, to be held
there for the issuance of the parasites. The studies in Spein were




GIPBY MOTH AND BROWN-TAIL MOTH INSECT ENEMIES 13

conducted in +wo separafe sreas, one at Madnd, and the other sbout
150 miles southi-of Madrid, at Villanueva de Cordoba. Through the
kindness of Menusl Aulld, director of the laboratory of the forest fauna
of Spain, also chief of the service for the study and extinction -of forast
plagues, space in Government laboratories at both of these places
was given for these investigations.

In Poland arrangements were made to collect larpe numbers of
gipsy-moth caterpillars, but the gipsy-moth colony selected for the
work was so greatly depleted in the second larval instar by an extraor-
dinary abungl;mce of the braconid parasite Apenieles porthetriae
thai only about 19,600 of the fifth and sixth instar caterpillars could
be collected. The mejority of these died in the trays in the insect
from an epidemic of disease similar to ‘“wilt,” so only a few tachinids
were obtained from Poland.

Here was. an example of & heavy gipsy-moth infestation, which
apparently had developed to severity almost within a year, being
overcome by natursl agencies the first season of its abundance. In
this case the intensity of the infestation was greatly reduced early
in the summer by A. porthetrice and later most of the remsining
caterpillars and pupae died of disease. A. Lparidis was glso present,
as were several tachinids. Only a few more than 1,000 tachinid
pupsrin wers obtained, but dissections of the caterpillars indicated
that many more would have been secured had the caterpillars mot
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 a2 location was found in the northern part of
that country where a light to medium infestation of egg clusters was
found. On the trees were both old and new clusters, with the old
ones predominating. The conditions here indicated that this infesta-
tion was subsiding, and it was supposed that the few thousand cater-
pillars which might be collected would be highly parasitized. Later
in the season, however, when it was time to make collections of cater-
pillars for the rearing of techinids, it was found that this infestation
had been so greatly rediuced that caterpillar collections could mot be
made. It was evident that A. porthetrige had pleyed an important

art in the reduction. A. liparidis also was found but there was
ittle evidence of disease. Another small infestation was finally lo-
cated, limited in area and of light intensity, where about 20,000 ! ar%e
gipsy-moth caterpillers and pupae were collected. It was possible
to collect this number only through the perseverance of Madame
Apna Bragina (Mikrina}, of the laboratory for the study of tropical
diseases at Belgrade, whose services had been obtained for the summer.,
Qver 60 per cent of these were paresitized, Phorocere agidis and Sturmia
scutellaic being the principal parasites, the former the more abundant.

After a survey of most of Bulgaria, there was found in & small
town near its center the only gipsy-moth mfestation in that country
which wes of sufficient intensity to furnish parasites for shipment to
America. The infestation was medium to heavy in intensity, but
limited io a few thousand fruit trees. Near the infsstation was an
old mill, part of which was &t once converted into an insectary. About
120,000 gipsy-moth caterpillars were collected and from these over
20,000 tachinids were obtained.
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At Debrecen, Hungary, the same building was used for an insen-
tary that had served m 1923. The location of the gipsy-moth infes-
tation was somewhat different from that of the previous vear. The
area where the caterpillars had been collected that summer was
relatively free from that insect this season. Sevara! other places,
only a few miles distant, were found for the caterpillar collections.
About 300,000 gipsy-moth caterpillars were obtained and fed in
the trays. These yielded a large mumber of tachinid .pu]pa.ria,
32,000 of which were placed in hibernation at the gipsy-moth labor-
atory at Melrose Highlends. The decrease in the gipsy-moth infes-
tation at Debrecen during the summer of 1923 was dus largely
to the parasitism of P. egiis although several other tachinids wers
recovered, S. scutellala being nest In importance. A. porthetrice
and A. liparidis were present, the former being rauch more ebundant.
Calosoma sycophanie played a small part in the natural control of
the gipsy moth at this place. The wilt disease was very scarce
throughout the season and was not an important factor in the control.
In 1924 the infesiation 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 Debracen in 1925,
o new place in which to carry on the work in Hungary had to be
found. Only one station in Spain (fig. 5, C) 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 pupse at the former place. and
98,000 at the latter station. Mr. Webber, with P. B. Dowden, of
the gipsy-moth laboratory, continued the work in central and south-
castern Europe, and a temporary laboratory was established at
Belki, Czechoslovakia, and one at Baja {fig. 5, A) in the southern
part of Hungary.

Before the customary rearing work of the sesson was begun in cen-
tral Europe, Messrs. Webber and Dowden found several places
where atiempts might be made to get large numbers of A4: porthetrie
for quick transportation to the United States. Previousfy only =
very few of these parasites had ever been received alive at Melrose
Highlends. A {ew 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 wate
readily. As they were never received in sufficient numbers for colo-
nization they had to be increased at the gipsy-moth laboratory
by reproduction work, through one or two generations, before. liber-
&tion. - This procedure was net entirely satisfactory, for by the time a
sufficient supply was on band 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. porthetrize for colonization
in New 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 parssitized by it should be collected at
the proper time in Europe and started immediately on their way
to the United States. This was sccomplished by having the living
%arasit.es taken directly to the United States and cared for en route.

hey arrived early enough in the season for at least one generation
to reproduce in the field under natural conditions.
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As soon as the European work with 4. porthelrice was completed
for the season, a8 temporary laboratory was established at %elkl
Czechoslovalkia, near a severe gipsy-moth infestation. Over 300,000
gipsy-moth eaterpillars were collected and fed at this station, and
sbout 10,000 puparia were obtsined from them, although a disesse
of the caterpillars interfered seriously with the work. At the labor-
atory at Baja, Hungary, over 30,000 tachinid puparia were reared
from about 400,000 caterpillars. '

In 1925, the tachinid puparia, mostly P. agilis and S. sculellala,
were paclted in sawdust and shipped to Melrose Highlands more
often than had been done during the previous year. With these
were mixed puparia of summer-issuing tachinids only the fresh-
est of which had much chance -of getting to Melrose Highlands
before the adults issued. As soon as the tachinid magpots began
issuing irom the caterpillars, their puparia were sent to the United
States, several shipments being made each week. As fime was
one of the factors in establishing the multibrooded species, some
of ihe collections were sent by airpiane meail to Paris and thence by
reil to Cherbourg, whers they were placed in the vegetable room of the
first stenmer sailing for the United States. In this manner the species
mentioned were received alive at Melrose Highlands in sufficient num-
bers for biological studies of them to be made, and several species were
colonized in small numbers.

Another innovation was the obtaining of a large number of Siur-
mia inconspicua for colonization. During the spring of 1924 Antoni
Czarnecki {9}, of Bochnia, Poland, collected large numbers of hibernat-
ing cocoons of the sawfly Lophyrus pini L., which were very abundant
that year. From them he rcared several parasites smong which
was a tachinid, which was later recognized as Sturmia ineconspicua.
Accordingly, early in the spring of 1925 Mr. Dowden went to Bochnisa,
and arranged for the collection of large numbers of cocoons of this
sawfly. About 8§ bushels were obtained and shipped in four large
grain sacks, to a temporary laboratory at the seaport. Unfortunately,
many of them had been damaged by heating when they were delayed
several dnys because of frontier regulations. The goed cocoons
ware spread in trays, and as the Sturmis maggots issued they were
packed in boxes in damp sawdust and shipped to the United States.
Upon arrival at Melrose Highlands they were placed in reering cages
where the adults could issue and mate before colonization.

Early in 1926 Mr. Webber again went abroad to continue the work
of gathering gipsy-moth parasites in central Europe. Later in the
spring he was joined by C. F. W. Muesebeck and R. C. Brown, of the
gipsy-moth laboratory. Two temporary summer field stations werc
establisked in Hungary, one at Baja in the southern ares, and the
other (fg. 5, D) in a small town named Galgamacss, about 30 miles
northeast of Budapest. During the summer Mr. Brown assisted Mr.
Webber. Mr. Muesebeck established a temporary laboratory in Buda-
pest, whore studies are being made of the gipsy moth and its natural
enemies, many of which have not been established In this country.

A special attempt was made again in 1926 to send the puparis
often, so that as many as possible of the multibrooded tachinids
might arrive before the adults issued. During the height of the para-
site issuance the puparia were removed from the trays and shipped
to the United States daily, and on some days more then -one ship-
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maent was made. These packages were sent direct by mail to Cher-
bourg, France, where they were placed in cold storage on the steamer.
As a result of the frequent sendings many summer-issuing tachinids
were received alive and approximately 20,000 were liberated. To
obtain these, together with over 85,000 tachinid puparis which were
placed in hibernation at Melrose Highlands, consiierably over half a
million gipsy-moth caterpillars were collected end fed at the stations
at Baja and Galgamacsa that season.

At the close of the rearing work Mr. Brown remasined in Eurcpe
to assist Mr. Muesebeck in his biological studies; and Mr. Webber
made e trip into southern Furcpe and northern Africe, to locate

ipsy-moth infestations which might provide mors species.of parasites

or introduction into the United States.

Early in 1927 Mr. Webber returned to Europe, and at Budapest with
M. Muesebeck made arrangements for the season’s work in Europe.
He then proceeded to several of the Mediterranean countries and
established & temporary laborstory at a heavy infestation near Oran,
Algeria. In Europe, in addition to the laboratory: at Budapest,
summer insectaries wera established at Moscenica, Yugoslavia; Rem-
bertew, Poland; and Simontornys, Olassliszks, and Doboz, Hun, 80,
Over 1,000,000 gipsy-moth caterpillars and pupse were collectedg and
cared for et the foreign laboratories during the summer, resulting in
the liberation of appreximately 42,000 adult tachinids, consisting of
7 species, only 1 of which is known to be established. Moreover,
43,424 puparia were placed in hibernation and 10,008 hymenopterous
parasites were liberated. After the sesson’s importetion work was
finished Mr. Webber returned to Melrose Highlands, and Mr. Muese-
beck and Mr. Brown remained st the Budapest laboratory to con-
tinue the investigations,

During the years 1922 and 1923 J. N. Summers, of the gipsy-moth
laboratory, carried on similar work in Japan for about six months of
each of these years. The introductions and -colonizations which have
resulted from these invesiigations are given under the discussion of
the parasites concerned. :

RECEIVING AND HANDLING 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 treatment 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 esteblishment and
dispersal of the beneficial species in this country.

All possible precautions are being taken to prevent any injurious
forms from becoming established in 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 with the greatest care, and
the parasite material was removed end 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
o room in one of the leboratory-yard buildings has been especially
prepared where all packages containing insect material from foreign
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countries are opened. This room is in & fram  building with wooden
floors, sides, snd roof. The outside walls are claphoarded and the
roof 1s covered with tarred paper. The inside dimensions of the room
are approximately 26 by 8 by 8 feet. Over the Hoor Is tightly fitted
a good grade of linoleum. The wooden walls and ceiling are cov-
ered with plaster board the joints of which are sealed by nailing over
them strips of }4-inch stock, 114 inches wide. Between the ceiling
and the roof is & large closed-in air space. In the center of the ceximg
is a tightly screened 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

Fi. 6.—Ream in one of the laboratory yard buidims at Melrose Higliands, where the foreign
pockages of inseets are opened. This reom i3 also used for reuring work with forelgn materinl. Note
the eiuergent® not wmatiog copes for tochinids nt the right of the picturs

end by two doors between which is s 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 another. In front of them are working tables. Along the entire
north wall of the room about 3 feet from the floor is & screened open-
ing 30 inches wide, in front of which is & long bench on which the
emergence and mating cages rest. The screening over this space and
over the windows is 60-mesh copper wire netting through which no
inseet ean escape. Special methods, based on their habits of life, are
employed in handling the different species received,

1781°—2—-2
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HANDLING OF MULTIBRCODED TACHINIDS

The multibhrooded tachinids are usually received at the labora-
tory during July, eoming as puparia, and special cages are used in
bandling them. When the curteins are drawn over the windows
on the south side of the room the light enters through the screens on
the opposite side. It shines through the eloth backs of the tiers of
cages (fig. 6), and attracts the parasites away from the cage doors
which must be opened occasioually to remove the parasites or replace
tie food. This equipment ean be usod with a nuber of species of
Tachinidae which have rather similar hebits.

The puparia are received in sawdust in small boxes {(fig. 7), and
upon arrival at the laboratory the packages are opened in the room
jusl described.  With small shipments, the puparin may be taken
from the sawdust by hand, butl great saving of time results, particu-

Fui 7o--Ashipment of taehint pupurin reeeived at the gipsy-moch laboratory during the sunnner
of 1921, The puparie are packed insawdnst in boxes messuring 3k inenes deep, 4! - fnches wide,
watl ¥ inches long, secn ol the veater of the pictere. At the right is shown sinndar moterisl
packed in meteh boxes

larly with large shipments, if the winnowing apparatus (fig. 12, d)
is used.  When this device 1s properly adjusted the puparia may be
separated rom the sawdust very rapidly, Most of them are then
examined individually under a binocular microscope in order to sepa-
rate the various spectes, for several multibrooded tachinids come with
the single-brooded ones.  The puparia of the multibrooded tachinids
are pluced in cages (fig. 8), for emergence. The lower cage (fig. 8, B)
has a bottom ol 14-mesh eopper-wire netting, the top, ends, and back
are covered with cotton cloth, and the lront is of wood or wall board
and hos asliding door.  The cuge Is set ou damp sand in & galvanized-
iron tray (lig, 8, A), and sometinies & small quantity of damp sand is
spread over the bottom of the lower cage, B, which keeps 1t in con-
taet with the inrger quantity of sand in the tron tray, The puparia
are placed in eage B,
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The first flies to emerge are males, but the females begin to exmerge
pelore the male issuance is completed. As the flies come out they
craw! up on the cloth sides of the cage. The males are removed and
placed together, in cage G or ). 'They are easily removed by placing
2 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 1n C and I are older than the femules
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 removed to
a colonization cage.
(Fig. 9.} During the
emcrgence and mat-
ing period the cages
are watched carefully,
and as pairs are ob-
served in coition they
are removed, while
stil]l together, in glass
tubes In the same
manner as are the
individual flies. The
tubes contaiuing the
mated pairs are laid
aside and left undis-
turbed until the pairs
Laveseparated. The
males are then re-
turned to the mating
cages (fig. 8, C &n
D), and the fertilized
females are placed in
the colonization cages.

In this manner the
males are used several : :
times in the mating  Fi s ek of vy suting o o webinids 3
oRTRS, Ag soon as a ani kept moist; B, the emergence cage, 14 by 16 by 36 lnches, on the
sufficient number of wire-petting bottom of which the puporisare pluced; C and D limat-

o ing eages, which are the dame size ns cape B, and are consirncted in
fertilized f emales nshnilar minnner except that they have cloth hottoms instead of

P wirp-nelting 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 pearasites are fed in the emergence and mating cages by attach-
ing numerous pieces of dry loaf sugar to the sides and top of the
cuges. The loaf 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 ol sugar are tied in place. Clean water is placed in the cages
on pieces of sponge, and seversl times daily the flies and inner sides
of the cages are Eghtly 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 o be very important, and more experi-
mentai work is necessary in order that this may be done under idesl
conditions and in the best possible manner. It is likely that Pproper
feeding is & factor not only in the length of time that the flies live
but also in_counection with mating and egg development. In some
ceges, in addition fo the loaf sugar and water diet, pieces of fruit,
vegetables, and flowers have been supplied, but these 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
acool andshaded place,
where the flies are less
active than they would
be in the bright
sunlight. Inliberating
the flies it is merely
necessary to remove a
portionr of one side of
the cage to allow them
to escape.

HANDLING OF
SINGLE-BEQODED
TACHINIDS

Several methods
have been tried for
carrying through the
winter the single-
brooded tachinids
Phorocere agilts snd
Sturmia scutellala,
which pass the winter
in the ground within
their puparia. The
method which seems
to serve best is de-
scribed below.

Fig. 9.~Two tachinid colonization tages 18 by 24 by 36 inches, Most of the pupars
covered with copper-wire mosquito netting, T'he flies and loaf which &T8 Trecelved are

sugar usad for their food are shown in the picture PR .

placed in hibernation
without attempting to separate the living ones from the dead ones.
The puparia are packed in light sandy loam, in trays 14 inches square
end 3 inches deep (fig. 10), for hibernation. The bottom of each tray
15 of 60-mesh copper-wire screening. In filling these trays sbout
one-half inch of soil is placed in the bottom of the tray, them a layer
of puparia is pleced in it, so spaced as not to allow the puparia to touch
one another. These are covered with about one-half inch of soil,
then another layer of puparia is placed in the tray, and the process
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continued until the tray has been filled. It is then covered with the

same type of coppér-wire screening as was used on the bottom of the
tray. The trays are set into earth which has previously been well
apaded and leveled ie the laboratory yard, and covered with 3 or 4
{nchas of soil and the whole is protected with & light layer of straw or
eayes,

In the spring, just before the time for the adults to issue, the trays
are taken up and the puparia removed from the soil. The pupsaria
are then placed in rearing cages and handled the same as are the
muitibrooded species. ‘

FIG. 10.—A layer of Stermia sewdeliufiz puparia being prepared for blibernatlon

HANDLING OF HYMENOPTEROUS LARVAL PARASITES

The hymenopterous parasites of the gipsy moth and the brown-tail
moth lsrvae vary so greatly in their 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 obteined by
rearing the perasites for liberation from foreign collections of their
hosts. In other cases, especially when only a lew specimens of some
species could be obtained, they have been increased through reproduc-
tion at the laboratory before liberation. In the case of one species,
large numbers of its hibernating cocoons were collecied, sent to this
country, end held until the adults emerged the following sprin]f, where-
upon the adults were libereted. Another species was collected in
Europe and brought to this country in the adult stage. This lot
reguired special attention and care en route. Most of these adults
were liberated upon arrival here, but some were retained at the labo-
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ratory and used in reproduction work, which resulted in the rearing of
large numbers of this parasite for liberation. -

After the parasites became esteblished, and when further coloniza-
tion was necessary, they wera collected in this country. Somespecies
can be obtained in large numbers by collecting the proper steges of
their hosts and caring for them until the parasites issue. With other
species if 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 in this country. These are handled by entirely
different methods from the larval parasites. One species, which has
several generations each yesr, is obtained in small numbers from col-
lections of gipsy-moth eggs. These are then incressed to large numbers
for liberation each season by rearing them through seversl geperations
at the laboratory. The other species, which hes a single generation
each year and passes the winter within the gipsy-moth eggs, is ob-
teined in large numbers by collecting the host eggs and separating the
parasitized from the nonparasitized eggs.

HANDLING OF PREDACIOUS BEETLES

The adults of predecious beetles have been collected in their native
countries and shipped here. They have arrived in this country in
good condition when each beetle was placed iz a smsll match box with
damp sphagnum moss. In some cases adult beetles of foreign origin
bave been liberated here, but in most cases they have been held at
the laboratory and increased through reproduction. After suitable
pumbers have been obtained by this method, adnlts as well as their
lervae ere liberated.

FOREIGN INSECT ENEMIES OF THE GIPSY MOTH
POSITIVELY ESTABLISHED

Over 93,000,000 enemies of the gipsy mothk and the brown-tail moth
have been liberated in this country. Some 47 species have been Iib-
erated, 15 of which are known to be positively established, and 9 or
10 of these have become of considerzble importance as enemies of
these insects in New England. Several other important species, which
have been liberated during recent years, may be established, although
absolute records to show this have not been obtained.

In the following discussion the parasites have been arranged in the
order in which the stages of the bost are attacked. Those parasites
attecking 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 mn two

roups—those that are positively established and those that are not.

nly the species which have been encountered in the recent investiga-
tion are discussed in the text, as the status of the others reported in the
earlier work by Howard and Fiske (/4) has not changed. All of the
species, however, which have been liberated, are included in the sum-
mery of the total colonizations of imported enemies of the gipsy moth
and brown-teil moth.
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EGG PARASITES
ANASTATUS DISPARIS Rusciike!

Anastatus disparis (fig. 11) is a parssite of the gipsy-moth egg.
It attacks eggs other than those of the gipsy moth with reluctance,
but has been bred in laboratory ezperiments in eggs of Hemileuca
oliviae Ckll. and Hemerocampa leucostigme S. & A. The species has
also been recorded as acting as a hyperparasite on Apanieles mel-
anoscelus Ratz. Extensive collections of cocoons of this Apanteles,
however, show that the réle played by Anastatus as a hyperparasite
is very inconsequentisl. It has a single generation each yeer, passing
the winter as a larva within the gipsy-moth egg. It is now firmly
established and is rated as one of the most important of the intro-
duced enemies of the gipsy moth. It disperses slowly and this has
necessitated a large amount of colonization in order to hasten its
establishment over the entire area infested by the gipsy moth.

Forkley DISTRIBEUTION AND ABUNDANCE

This parasite is widely distributed in Europe and in Japan, It has
been recovered at the gipsy-moth laboratery at Melrose Highlands
from gipsy-moth eggs collected at Akabane, Fukucka, Funakimura,
Gifu, and Nishigahara, Japan; Crimea, Schiriga, Kiev, and Kishenev,
Russia; Lipova (Lippa),® Dorgos, and Sistarovat, Rumania; Huszt,
Polapd; Schlesien, Germany; and Nantes, France. Recent investiga-
tors from the gipsy-moth laboratory have found this parasite at
Yokohama, Japan; Hyéres, France; Madrid, Talavera de 1a Reina, and
Salamanca,Spain ; Caltagirone inSicily, Italy; Dahlem, Germany; Beli
Manastir, Yugoslavia; Bélki, Czechoslovalia; and Vetrén, 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 Japan and Europe, its abundance is variable and periodi-
cal. The records of the parasitism of gipsy-moth eggs which have
been gathered from Japen and Furope indicate that 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 approximately 25 per cent of these .esgs contained
Anastatus. Recent work carried on in Spain by the department of
investigations and extermination of forest plagues, under the direction
.of Manuel Aulld, has shown that this parasite is an important enemy
of the gipsy moth in that country. The Spanish authorities are
transferring Anastatus from areas of abundance to other parts of the
country where it is absent. In this work they have found the para-
sitism by Anastatus to run from none to 35 per cent, and in some loca-
tions where large collections of gipsy-moth eggs have been made an
average of 15 per cent were parasitized by Anastatus. The experts
of the Bureau of Entomology, while carrying on parasite investiga-
ilons in Spain from 1922 to 1925, found Anastatus present in gipsy-
moth egg clusters in many places, and records of from 10 to 20 per
cent of parusitism were obtained.

+In previous Americsu literature referred to as Anastaius bifasciclur F lombe ({a, 28a).
1 The towna listed 1o Rumanis and Peland wera in Jungary when these importations were made.



http:otherpar.ts
http:directi.on
http:exterminati.on.of

e

F1a. 11, Anastatus disppris: o, Adult, X 10; b, nterine ogg; ¢, hibernsting larvn ramoved from
62, X 45; 4, pupa, X 47; e, mandibles, % 19.  Hand ¢, greatly sxdarged, {Howsrd nnd Fisko)




Tech, Bul, 86, U 5. Dept. of Agriculture

SCHEDIUS KUVANAE AND ANASTATUS DISPARIS

a, GGipsy moth ege clusler with adult Seliedius on if, 3 118; b, emale ginsy meth depositing epg
cluster, with female Annstntus on cluster, Jifa size; ¢, Anastatus eolpnization mark en roadside tree;
d, gipsy moth egg cluster showing exit holes of Sehedius, X 2; e, hibernating Iacva of Apastatus as
seen within Lost ey, ¥ 34:f, Annstaius colonization can in position on tree trunk,  dand e, Floward
and Fiske; ¢, b, ¢, and f, Crossman B
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liare Hisrortr awp Haprzs a K

occasionally two generations have been recordedin oneseason. Tsu .
nearly 12 months are spent by the parasite within the gipsy-moth egg.
This period ranges from 10 to 13 monfhs, Records have also been:ob-
tained of Angstatusliving within gipsy-moth eggs for two years-when. -
these eggs were placed in-cold-storage at a temperature of about.30°F.
and kept thers a year after the normal time of issuance of the parasite
(70). Most of ‘the Anastatus -emerge from gipsy-moth eggs, after
hibernation, during the last two weeks of July. “This period varies*
somewhat with the season, but-occurs at the time when the majority
of the female gipsy moths are depositing their egg clusters. The
female parasites are often seen on the gipsy-moth eggs before the -
cluster has been completely deposited. The parasite egg and larva
develoli quickly, requiring only two weeks to develop from egg to fuli-
grown larva ' '

Normally Ann_st:;.ﬁus has & -single :generé..tion each :yaa;r, \:allﬁho.:ﬁ'h '
Ly

The males fly, but the fenales are unable to do so, and the adult
life 38 rather short in confinement——10 deys to 2 weeks being the
average when they are kept in cages and fed a mixture of 40 per cent
of honey in water, -

IMPORTATION

Anastatus for colonization in New England were originally obtained.
from gipsy-moth eggs which were collected in Kurope and Japan.
Large shipments of gipsy-moth eggs were received in bulk, in
cloth bags inclosed in wooden boxes. In the case of smaller lots,
the egg clusters were oiten wrapped individuslly in paper and
packed in layers between blotting paper. The shipments were
received by both mail and express in a satisfactory coudition. In
shipping large collections of gipsy-moth eggs, it is advisable to divide
them into packages of about 2 quarts each. This avoids heating,
which is apt to occur when larger quantities are confined in tight
packages for several weeks. Some shipments came in the steamer’s -
cold storage, but this is not necessary unless the eggs have been
exposed to freezing tempersture before they were eollected.

Gipsy-moth eggs parasitized by this species began to arrive during
the winter of 1907-8. At first they were kept in the laboratory to
hasten the issuance of the parasites, in the expectation that ‘the °
adults would parasitize large numbers of the gipsy-moth eggs which
had been held in cold storage since the previousfall. No reproduction
was obtained from these experiments, and the remainder of the foreign
eges were placed in cold storage until the appearance in the field of
new gipsy-moth egg clusiers, They were then removed and the
adults which issued at this time were liberated. During the winter
of 18089 large shipments of gipsy-moth egg clusters were received,
mostly from Hungary. These eggs wers . ﬁa.cad 1 trays for the non-
parasitized ones to hateh, the parasitized eggs being left for use in
colonization, '

CoLONIZATION

The first few individuals of Anastatus likerated in New England
ware adults released du.rinﬁ the summer of 1208, They were obtained
from gipsy-moth eggs collected in Japan and Russia. In 1909 the
8pecies was colonized in much greater numbers as mature larvae
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-within the host eggs. Most of this material ceme from Hungary,
although sorae was from Japan. The species quickly became estab-
lished so_that all:of the Ansstatus colonized after 1909 were obtained
in New England. :
- _As Anastatusdisperses very slowly it has been necessary to-colonize
‘the apecies each year in large numbers, in order to hasten the fime
‘when it would become well distributed, and thus to derive ag-quickly
as possitle the benefit of its presence. Table 1 givesa summary -of
‘the mumbers of Anastatus which have been Liberated in this country.

Tabue 1.—Numbers.of Anastatus disparis célom‘ze_& in New England

‘Number ltherated in-—

‘Maize “}g‘:f; -Goi:cg:c!.i- Vermont

813, 00
B2, 000
1,357, 000

377, 008
6,273,000 | 1,875, 000
1,214,000 |.

55,000

200, 000
257, 000

500, 000 230,000
¥ 425, 000 400, 000
, 650, U00 506, 000
31,450, 193 | N | 2, 463, 000

242, 1000
157, 000
200, 000

1 Bnough eggs of the gipsy moth were eollected diring the winter of 1917-18 to Fleld 8,000,000 Anastatus,
but unusually low temperatures cansed heavy mortallty of both hest and peraaite,

1 Estimated. The greater part of the matorlal was nsed for o large reproductlon.experiment,

150,000 of this phmber estimated to have been the numbar in ope colony,

4 1,000,000 of this number used in an experiment in a heavily infested area.

A total of 65,644,193 Anastatus have been relessed. For the most
part these have been liberated in colonies, each consisting of 1,000
perssitized gipsy-moth -eggs. They were placed in smell tin cans
{pl. 38, 1), provided with several small holes near the top, through
which the adult perasites escaped as they issued. These cans were
fastened to trees. In the older infested towns, where the gipsy-moth
infestefion wes general, each town was colonized ‘thoroughly. The
one who liberated the colonies was provided with a blue-print map -
showing all the roads in each town. Where the gipsy-moth infesta-
tion was sufficient to warrant the liberation, colonies of parasites were

laced one-fourth of a mile apart on both sides of all roads, in wood-
and, a few hundred feet in from the roadside. As each colony was
Liberated, its location 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 to be done is in the border ares Zener-
ally considered lightly infested, In much of this area it is not practi-
cable to colonize solidly, es has been done in the older infested territory,
Here the infestations are often several miles apart. In these infesta-
tions 2,000 or more parasites of Anastatus are liberated in esch golony.
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ArparaTus Anp MzeTaops Usep 2o OBTaIN AnAsTATUS FOR COLONIZATION

In the eatly work, before Anastatus was generally distributed, there
were & few strong Anastatus colonies where the parasitized gipsy-
moth eggs were gathered. Using the center of a colony as a stertin
‘point, 8 lines were run out, 445 the cardinal points of the compass an
4 midway between these”” In the fall sample collections of gipsy-
moth eggs were made at designatéd distances along these lines. % eso
sample collections 'were examined at the laboratory to .determine the

Fia. 12.—Appuratns wsad in glipsy-mo:h esg-!pnmlle work with Anesimtus 4 is: a. Sepotating

apparcius usetl to separate glpsy-moth eges from the hair; b, showing Inner sarface of dliks of wrnn
raling appsratus; ¢, bounelng spparatus used to sejratute nonporasitized eges from ogEs containing
Anastatus larvi; d, winnowing apparatus used for sepasating the asﬁcﬂntainins Anastatus [arvm
from the egydbells, desd eggy, and cther material removed from the hytehing trays.  (Crossman}

percentage of parasitism of the eggs. In this manner it was possible
to determine the srea in which the parasitism was greatest and, where
laxgs collections of gipsy-moth eggs could be made, to furnish a supply
of Anastatus for the spring colontzation,

In recent years Anastatus has become so evenly distributed over a
large part of the gipsy-moth-infested ares that it has nof been neces-
sary to select a %mited ares in which to collect the material. A
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few sample collections of gipsy-moth eggs are made each fall from
various iocations. From examination of these collections the best
Places from which to obtain the general collections of Anastatus for
colonizetion are determined.

During the winter large collections of gipsy-moth egg clusters are
wade at the points which have been selected. At the laboratory
these egg clusters are broken up, and the eggs separated from the
hairs by means of an apparatus developed for this purpose, (Fig.
12, @ and 3.) It consists of two circular wooden plates which are
padded on the surfaces that are in contact. The fower one is sta-
tionary and the upper plate revolves on & spindle by power from a
small motor, its.inner surface lightly touching the upper surface of
the stationary plate. The egg clusters are fed to the apperatus at
an opening near the center of the upper plate. As this plate Tevolves,
the egg clusters are drawn between the plates, gradually broken up,
and worked between the surfaces of the plates until the eges resch
the circumference, where they fall off, separated and clean, and are
ceught in # jar benesth. The heirs and dust are removed from the
apparatus by means of a suction blower attached to galvanized-
iron pipe which leads from the center of the apparatus to the outside
of the building.

After the eggs have been separated from the hairs, the parasitized
eggs are separated from the nonparasitized ones by sllowing them
to run by gravity over an inclined plane, at the ‘bottom of ‘which is
a small piece of metal placed in & horizontel position. As the eggs
hit this Eorizontal surface they rebound into different compartments
of a box which is placed at the bottom of the inclined surface. (Fig.
12, ¢.) The eggs contsining Anastatus larvae drop into the first

.compartments of the box, while the nonparasitized ones rebound
farther imto the compartments beyond, When the parasitized e
have been separated from the nonparssitized ones they are meaaur%ﬁﬁ;
and each messureful, containing approximately 1,000 perasitized
eggs, is placed in 2 small envelope and held until spring for colo-
mizetion.

Cotrecrions oF Girsy-More Eags 70 DETERMINE THE PARASITISM BY
AnasTaTys

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 examinstions of thesa collections have recently
been published (10}, and only two sets of records will be inecluded
here to bring these up to date.

For the last eight years small collections of gipsy-moth egg clusters
hsve been made from the different sections of each town shown in
Table 2, end the figures obtained by the examination of them show
the degree of parasitism of the gipsy-moth eggs by Anastatus in the
area represented,
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Tanie 2.—Average percentoge of parasilizm of gipsy-moth eggo by Anastalus disparia
as indicaled by represeniative collections made in five towns in Massachuselis

Burling- » Lynn. | North | Wilm-
ton | OOver Heading

Pereent |
14

g
HonEBEREd

In Table 3 are given data which represent a much greater area than
is congidered 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 ezaminglions of gipsy-moth eggs collected around ihe
* gbservation poinis” g
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1 A nulform mothod of callecting and examining the eggs was followed from 1912 throngh the spring of
1973, 8inre that date the collections have been made, when possible, Irom approximate) the same loca-
‘tjans a3 praviousty, but over  Jarger area. The from 17 of the points have been e ic the samie
moanner a3 previoraly, A slightly different mat has been weed in expmiviog collectiona from the other
points. ‘These datj bave beep kept ua.faratad in the table, They show that the mathod used for the 17
polnts ls more gecrrate than that used for the larger number of points. Hewever, tho difference in the
total parasitism shown by the two methods of examination is not very great, rnd the method of examination
nsed for the ma]oritﬁenf the collections is much more rapid.

3 T used in the Schedius colpmn Indicates that only a tmce of this species was found.
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Each yesr the egg-cluster collections have been made, so far as
Possible, in the same towns scattered over eastern Massachusetis and
southern New Hampshire. The collections have not been made with
reference to parasite colonizations, and the data show the actual aver-
age degree of parasitism caused by this species each year in the
area under consideration. These eggs have been collected with
considerable care, and an attempt has beer made to obtain an equal
number of large, medium, and small egg clusters in each collection.
The examination of egg clusters separately has shown a considerable
difference in the degree of parasitism of large and small-size clusters.
These examinations have shown that the percentage of parasitism in
some yeurs of the small egg clusters was nearly twice as great as it
was of the large clusters. This is an important factor in the para-
sitism of the gipsy-moth eggs, for during certain years the gipsy-
moth egg clusters average medium and small in size.

The data obtained from the egg-cluster collections given in these
tables show an increase in the abundance of this parasite until the
fnll of 1922. The decrease, which was first apparent in the eggs col-
lected that fall, continued until the fall of 1925

In addition to the records pertaining to the degree of parasitism
of the gipsy-moth eggs, data have been gathered showing that there
is practically no difference in the degree of parasttism of the eggs in
relation to their position on the trees. Other data have been gathered
in regard to the winter mortality of Ansstatus which indicaie that
during the mild winters there is practically no mortality over the
eastern half of Massachusetts, southern New Hampshire, and south-
western Maine. There is some mortality in the colder sections of
the ares during a severe winter, such as the winter of 1917-18. A
high percentage of the parasites survive in the gipsy-moth eggs which
are laid in protected situations or are covered with snow or ice,

Recovenry awp Disrersion

Because of an epidemic of wilt disease which killed practically
all of the gipsy-moth larvae and pupse in the immediate vicinity,
1o recoveries of Anastatus were made during the spring of 1909 at
the site of the colony that was liberated in 1908. During the summer
of 1909 many adult Anastatus from the parasite colonies whieh
were liberate.({ during the spring of that year were found working
on the gipsy-moth eggs. The first records of Anastatus having
pessed a New England winter successfully under natural conditions
were obtained in 1910,

A study of the yearly dispersion of Anastetus was carried on for
several years. Collections of gipsy-moth egg clusters were ruade
et points 50 feet apart along eight lines which ran from the centers
of several colonies. Later, beginning 600 feet from the colony cen-
ter, the collections were made at 100-foot intervals, and as the dis-
persion continued the ege collections were made along the lines
100 yards apart. These studies showed that Ansstatus is a slow-
spreading parasite, but that as the parasite increases in abundance
and the colony in area the yearly spread becomes much gresater.
They showed that during the year that the parasite was liberated
it spread out only 200 feet, but that five Years later it had spread
4,800 feet, from the point of liberation.
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‘The dispersion of Anastatus has been greatly accelerated by an
enormous amount of colonization. Ii 15 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 is still 2 con-
siderable amount of colonizing to be done with this species.

YALUE 0F ANASTATUS DISPARIS

The date which have been given in the discussion of Anrastatus
disparis clearly show that it i1s an important enemy of the gipsy
moth., Many collections of gipsy-moth - clusters were made in
which over 40 per cent of the.e Kﬂd been killed by this parasite. In
fact, as far as it has been possible to obtain data, Anastatus appears
to be of more value in this country than in the countries from which
it was originally obtained. It is thoroughly established, and although
it suffers some mortality during the severe winters in New England,
it appears to withstand them as well as, or better than, its host.
It is now present over most of the area which is considered generally
infested by the gipsy moth, and although the degree of parasitism
is not at present as hizh as it has been, a rapid recovery to its earlier
stetus is expected.

SCHEDIUS KEUVANAF Howard

The gipsy-moth egg parasite Schedius kuvanae Howard has several
generations each year, and at times, since it became established, it
hes been very abundant in many sections of eastern Massachusetts.
Its pertods of abundance have been very irregular, and the areas in
which it has been plentiful have been scattered. In some seasons it
has paresitized a remarkably large percentage of the gipsy-moth eggs
in rather small sections of the territory, and it appears to be better
adapted to the milder parts of the infested area. :

Forergy DIATRIBUTION AND ABUNDANCE

Schedius kuvenae {(fig. 13) wes introduced from Japan and is not
known to exist in any of the European countries. At the gipsy-
moth laboratory it has been reared from gipsy-moth eggs collected at
Akabene, Fukuoka, Funakimura, Nishigahara, and Tokyo, Japan,
The data which have been gathered as to the distribution and value
of Schedius in Japan were obtained by the examination of gipsy-
moth eggs, most of which were sent to this country by 8. 1. Kuwana;
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. -%;:a.minat&on of these eggs showed that this
perasite was plentiful in some locations and entirely absent in others,
As high as 33 per cent of one lot of egg clusters were killed by Sched-
ius, indicating its value in some aress.

Tore Hisroky anp HawiTs

After many experiments, satisfactory I11:11'0_0f was cbtained that

Schedius passes the winter as an adult in the forest debris. There is
a large mortality each winter, and only strong fertilized females well
laden with ¢ 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 until the middle or last .of this month. These adults live, -
in experimental cages, for from three to five weeks and oviposit read-

F14, 13~ Schedius kuosnoe: -0, Adult famale, X 40; b, eax; ¢, third-atags Inrva st retainlng egg
atalk and naal shisld, % 40; 4, egg stalk and anal shisld of larva as found in host of the gipsy
math {rom which the adult Bohedius has emerged or in which tha Belwdies [arva has ntucﬁd
by asecondsry peramsite; ¢, larval mandibles; f, pape, X42; b, 4, and ¢ greatly eniarged.

(ﬁoward and Fiske)

ily in the overwintering gipsy-moth eggs. This ﬁgmﬁ‘uion requires

approximately six weeks to matu.rg but later in seagson the gen-

-erations mefure in .ebout three w
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In the spring some of the Schedius pass through two generations
whereas others have only one. Adults are ready for oviposition in
the new gipsy-moth eggs as soon a8 they are laid in July, and occa-
sionally one ‘will :be found perasitizing an egg cluster before it is
completely deposited by the moth. The fell generations overlap so
that adult Schedius are present in the field from the time of gipsy-
moth egg leying until early in November. During the late summer
and eaﬁy fall only 21 days are required for a generation, but as the
cool weather approaches & longer time is necessary. During an
average season, from the middle of July to early November, there is
ample time for this parasite to corsplete four generations in the new
eggs, and there is often a partial fifth generation. In some seasons
& pert of this fourth generation, and ususlly most of the fifth gener-
ation, are killed within the gipsy-moth eggs when severe temperatures
are first recorded. When tﬁﬁs occurs many -of the active adults enter
hibernation, although evidence has been obtained that some adults
enter their hiberneting quarters earlier in the season.

This parasite will reproduce readily, in laboratory experirents, in
a greater variety of lepidopterous eggs than Anastatus. It has been
reared in such experiments from nine different species, including the
the gipsy moth, the brown-tail moth, and the satin moth, Stilpnotie
salicts 1. It has also been occasionally resred from cocoons of
Apanteles melanoscelus; but this host does not appear to be a favor-
able one, and often adults which have matured within the Apanteles
cocoons are unsble to bore their way out. It is interesting to note
that when Schedius reproduces in large eggs, such as those of
Hemileuca oliviae Ckll., several parasites will mature within a single
ege, and in ope case 17 Schedius were recovered from a single mel-
anoscelus cocoon {21). A distinct preference is shown for gipsy-
moth eggs, and only rarely does more than one Schedius mature 1
one of these eggs.

Considerable anxiety was fclt during the early studies of Schedius
and Anastatus for fesr that Schedius would act as a parasite of
Anastatus. This anxiety was increased when a study of gipsy-moth
eggs from Japan revealed that this actually had happened. Fortu-
netely lsboratory experiments indicete it to be & rare occurrence,
and no records have been obtained of its successful occurrence in the
field. Each year many thousands of gipsy-moth eggs are examined
with a binoculer microscope; and -alt%lou h occasionally Anastatus
and Schedius larvae have been found withi
parasite has developed in the cases that have been observe

the same eg(%, neither

. In the

field these parasites do not often conflict; usually one or the other

greatly predominates locally, although occasionally collections of

g_ipsy-mot}:l; eEg clusters are obtained which show about equal para-
ln

sitism by species.

IMpoRTATION

The story of the introduction and colonization of this parasite has
been told so often that it will be given only briefly here. Evidence of
the presence of an egg parasite wes first found in the Japanese eggs in
1907, but the specimens found were badly damaged and no Livin
parasites were obteined. In 1908 many egg clusters were receiv
from Japan, but all of the Schedius that the packages contained were
dead excepting one male which was obt‘.ail:natc{J in December. In Jan-

1781°—28——3
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uery, 1909, a living female Schedius was obtained which reproduced
parthenogenetically, a generation of males resulting. In Apnil; 1909,
12 Schedius were reared. One of the females died early, but frem the
11 remaining 100 adults were reared, this being the first generation in
this country. Twenty-one more adults from Japanese egEs were
added to these, and a second generation was developed containing
643 adults. These produced 1,350 Schedius in the third generation.
In the meantime 1,671 more Japanese Schedius were obtained, and
these were added to the stock already developed. The reproduction
work was continued throughout the year and into the winter of 1910,
Frodm this stock and its progeny all of the colonizations have been
made.
CoLoNmamion

The first colonies of Schedius were liberated during the summer of
1909, stock being used which had been developed as described above,
together with about 1,000 Schedius which had issued from Japanese
eggs. Several more colonies were liberated during the fall. ‘The
material in the breeding trays was kept developing until early in 1910,
when it was estimated that the trays contained .a.{)proxima’oely
1,000,000 Schedius. They were then placed in a cool cellar until
March, when most of the material was divided into lots containing
about 10,000 Schedius each and distribuied over the eastern part of
ibe area. Colonizetion has continued each succeeding year, estab-
lished stock being used to rear large numbers. Table 4 gives the
total number of Schedius which have been liberated.

TaBLE 4. —Summary of the colonizalion of Schedius kuvanae.

Number ol Bchedius liberated in—

New
Hamp- ﬁi‘:‘fg Maine Illinols

shire

449, 060
124, 000

472,000
64, 000

T, 000 {1
112, 000
1z, 419, 2009 1, 379, 055

1 A fow eggs of Hemileuca olirios paraaitized by Schedios kuoanes were sent to Maxwell, N. Merx.
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TasLe 4.—Summary.of the colonizaliot of Schedius Fuvange~Continued

Numher of Schedius liberated fn—

District
nl-%oium— Hpain® [Meorooco 1| Algerin

£

1
™

15

i
=

£ R883REREs

g e

S5555355E085E8

EBARE

g
E

e 8

B
3
L

4,107,376 20,000 | 265,000

| Numbers of Schedios sent to Epaiu, Morocoo, and Alperis wee setimated,
* A few oggs of Hemlleuca oliviae parasitized by Schedisa kusanas ware sant 10 Macwell, N. Mex.

It will be noted that severs] large colonies of Schedius have been
liberated outside of the area infested by the gipsy moth. Laboratory
experiments showed that Schedius would reproduce in confinement on
the eggs of a variety of hosts, and readily .on the .ezgs of the white-
marked tussock moth, Hemerocampa leucostigma S. and A. The
Schedius which were sent to Wuﬁ’fngbon, D. C., and to Illinois
were liberated in tussock-moth infestations. A few were sent to
Maxwell, N. Mex., after it was found that this parasite would repro-
duce in the eggs of Hemileuca olivice Ckll. Several shipments have
been made to Madrid, Spain; Rebat, Morocco; and Algiers, Algeria,
where attempts are being made by the Government \antomoiogists to
establish this species in gipsy-moth infestations. )

Schedius are -colonized in the fall, in contrast to Anastatus, which
are colonized in the spring. The Schedius are bred at the laboratory
and the sdults liberated, while Anastatus are colonized as mature
larvae within the gipsy-moth eggs. _

Approximately 4,000 Schedius are lLiberated in each colony. The
colonies ars placed about 2 miles apart, in woodland, along each road
where there 13 sufficient gipay-moth infestation. ‘The locations of the
colonies are marked .on & blue-print map of the town, and in the field
with white paint on a roadside tree,
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Fia. 14.—Apparatus used in searing Schadius busange. A, Stack of Sehedius rearing trays; B,
l'mi.n‘ ' Im)
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RErropucTION WORK To OBTAIN ScEHEDIUS ror CoronizaTioN

The trays (fig. 14, B) used for rearing Schedius at the laboratory
are 5 feet long, 2 feet wide, and 5 inches deep. They are made of
hslf-inch matehed cypress, dovetailed at the corners and painted on
the inside with a flat black paint. Two openings, 12 inches square, 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 are several
holes 1 inch in diameter, These are kept closed with cork stoppers
until ready to be used. Over the bottom of the trays arespread evenly
& quantity of -gl;f)sy-mo_t-h eggs mixed with a few parasitized -g%:sy—
moth eggs and adult Schedius which have been collected from the field.
A mixture of 40 per cent of honey aund 60 per cent 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 openings
in the top. As the trays are stocked they are placed on & rack (fig.
14, A) and kept at a temperature of from 75° fo 80° F. During the
cool evenings of the early fall this is maintained by means of electric
lights. A few thousand adult Schediys 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 as 8 new genera-
tion of Schedius 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 cones are inserted in which closed glass tubes 1
inch by 4 inches are placed. The Schedius in the trays are attracted
bf the light into the glass tubes, from which they are removed and
placed in mailing tubes for eolonization. About 4,000 Schedius are
placed in each tube with a piece of paper on which is stieared a mix-
ture of honey and water for their food. The tube Is then coyered
with a piece of cotton cloth held in place by a rubber band. Each
day the tubes containing the day’s output are sent to the field for
colonizaticn.

CowrEcTiONs oF (Qirsy-MoTe Eccs To DETERMINE THE PARASITIEM BY
ScHEDIUS

The collections of gipsy-moth eggs which have beéen made each year
since 1912, at or near the observation points, are tabulated in Table
3, under the discussion of the parasitism caused by Anastatus. The
apparently slow increase and low rate of parasitism credited to Schedius
in 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 to a considerable part of the area that is in-
{ested by the gipsy moth. There are, however, certain sections, espec-
ially in southeastern Massachusetts and on Cape Cod, where elimatic
conditions are favorable, and this parasite has increased and attacked
a very appreciable percentage of the gipsy-moth . _

The mortality caused by this parasite has varigggonsiderably over
a period of years owing 0 a number of controlling factors.
Studies which were made to determine the degree of parasitism of
psy-moth eggs in various parts of the trees showed, as do similar

ata in connection with Anastatus, that the loeation of the egg clus-
ters on the trees has little or no effect upon the percentage of para-
sitism caused by Schedius. : . :
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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
clusters in the imimediate sites of the liberations. It was rewveergg
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 oceasionsl Schedius
were recovered, but in very limited numbers, and under conditions
which indicated that they might have been individuals which had
dispersed from some of the spring colonizations. It was not until
the summer and fall of 1911 that Schedius was recovered under eon-
ditions which left no doubt that it had survived the winter.

Although Schedius is a slow-dispersing parasite it spreads more
rapidly than Anastatus, The data which have been gathered show a
spread of about 400 yards for a single generation and a little over
half a mile for the first year. Records obtained in colonies the second
year after liberation have shown a spread of nearly 2 miles at the end
of the second season. 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 north of this line in New Hampshire and south-
western Maine, and occesionally has been recovered in parts of New
Hampshire, north of the line, but only sparingly; and continued
observations indieate that it will net increase satisfactorily much
north of the dispersion line shown on the map.

VALUE oF ScHREDIUS A5 AN ENEMY OoF THE ,prsr M_dm

Schedius is an important .eég parasite of the gipsy moth in the
milder parts of southern New England. In Massachusetts it has been
found sbundant in many sections within 50 miles of tho seacoast
and especially in towns along the south coast and on Cape Cod.
There is often a large winter mortslity which may acconunt for its
uneven distribution and periods of scarcity, but as it has several
generations each year it increases rapidly under favorable conditions.

LARVAL PARASITES
APANTELES MELANOSCELUS Buisebmy

Agpanteles melanoicelus Ratzeburg, a braconid parasite (fig. 15)
of the gipsy-moth lervae, has two generations each season, the first
generation developing in first. and second instar caterpillars and the
second generation in third and fourth instar caterpillars. In general
the two generations are confined to the stages as mentioned above,
although many third instar gipsy-moth caterpillars are destroyed by
the first generation, and large numbers of fifth-instar caterpillars and
a few sixth-instar eaterpillars are killed by 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 cocoons.
are attached to tree trunks, psrticularly on the underside of the
branches, as well as on the underside of fence rails, and on articles
(pl. 4) on the ground to which the parasitized caterpillars have crawled.



http:theseaooa.st
http:shown.on
http:S.DEPl'.OF

.+ IGIFSY MOTE AND BROWN-TATL MOTH INSECT ENEMIES: 39 |

Fone1ak DISTRIBETION - AND AARUNDANCE :

 « ., "This parasite is found ‘over .most of Europe, eapecially in the sotith- - .

~ iern.arepn. In recent observafions it -has:beenrecorded:from-gouthern -

_. . ‘Erance, -Spain, Portugal, northern: Africa, Iialy (being -especially

. iabundant - n ‘Sicily), GGermany, Poland, ‘Czeéchoslovakia, Hungary,
_Yugodlavia, and Bulgaria. -In:addition \to ithese Jocations specimens -

- “have been veceived at the :gipsy-moth laboratory from Vienna, Aus- .

4ria; -and Bendery, Russia.

" Although this parasite has & ide Europesn distiibutionit hasbeon ~ 4

found ebundant in only a few loeations. Under fthe.conditions -which -
‘heve prevailed during :the recent Euro work ‘of the Bureau of

Entomology, thisparasite has not been obtained in sufficient numbers = -

to indicate that it is.a parasite.of priraary importance .as.an enemy
.0f the gipsy moth. Exceptions to ‘this -condition :were found in
Sicily by the junior.author, and in Spain st Aleala in the provinee.of

Fia. 15.—Apanieles melanoscelus, adult formale, 14 {Crossman)

Cadiz, where Mr. Dohanian, in 1924, located a medium gipsy-moth
infestation. Here several trees had over 1,000 parasite cocoons each,
and s large numniber-of trees had several hundred cocoons each.

In 1911 and 1912, W. F. Fiske, formerly -of the Bureau of Ento-
mology, reported & great abundance-of this parasite at Caltagirone
and Barcellons, Sicily. He estimated that .an average of 75 per cent,
and in some places more, of the caterpillars were parssifized by this
species. In one place he estimated ‘as high as 10,000 cocoons on &
single large tree. The jumior author visited this area in 1922, at
which time the gipsy-moth infestation was much lighter than during
1911 and 1912, but cocoons of A. melanoscelus were very ‘sbundent.
Judging by the number of ‘the previous year’s gipsy-moth egg-clusters
present and the sbundance of the cocoons of this parasite, there
must have been in this forest a medium gipsy-moth infestation during
the preceding year. The new gipsy-moth egg clusters were searce,
and the evidence obtained strongly indicated that this parasite was
the-primsary cause for the decrease of the moth.
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Tare Hisrory aAnp Hapirs

The -adults issue from their cocoons sbout the time that the pipsy-
moth eggs -are hatching. The first are mostly males, the femasles
appearing & few days later. A few hours after the.females have
issued from their cocoons they are ready to begin ovipositing. If
they have not been fertilized they reproduce parthenogenetically,
‘the resulting pmﬁeny being males. The females work rapidly in the
‘bright sunlight, flying from one caterpillar to another. There ismo
-apparent examingtion of the prospective host, merely a quick inser-
tion of the ovipositor and the depesition of asingle epg. Qccasionally
sfemale lays more than one egg in the same host, which is a waste of
eggs, for very rarely does more than one parasite larva issue from
the same host. The females which have issued from the hibernating
.cocoons prefer first and second instar gipsy-moth caterpillars for
oviposition, The egg may be inserted in any part of the body of the
caterpillar, but more often it is inserted in the posterior half. The
number of eggs deposited by an individual varies, but records at the
gipsy-moth laboratory indicate that each femele is capable of laying
approximetely 1,000 eges (8).

The egg stage losts from four to six days, depending upon the
temperature. There are three larval instars, the firs§ one lasting from
two to three days in the spring generation and from six to eight
days in the summer generation. The second larval instar of the
spring generafion 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-inster larvae of the spring generation is from s few hours
to two days, and es long as three .days by the summer generation.
The third-tustar larva, when 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
ou$ of its host. The spring-generation larva requires abouf two
hours to meke its cocoon, while nearly four hours are consumed by
the summer-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 demsely woven, and are of
a light sulphur yellow. Within the coeoon the larva transforms to the
mature inseet. The edults of the spring generation issue in from
five to nine days; the summoar-generstion larvae confract somewhat
and become quiescent, snd 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.

IuromrraTiON OF THE PARABITE

The original colonization stock of this species was obtained in
1911 by W. . Fiske, in Sicily. Arrangements were made at Portiet,
Italy, for the use of a room where the material could be handled
durieg the surmmer. large collections of gipsy-moth caterpiliars
were made in Sicily and transported to the Portici laboratory, where
they were placed in trays, fed, and eared for. As the first-generation
paresites issued from the caterpillars and spun their cocoons in the
treys, the cocoons were removed and placed in & refrigerator to
retord their development. In addision to the material obtained in
this manner, large numbers of cocoons of this perasite were eollected
in the forests of Sicily, These were placed in specially censtructed
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containers in a compartment which -was surrounded by snow or ice.
They were then taken or sent to Portici for repacking, and, together
with the cocoons obtained from the rearing trays at Portici, were
shipped to the leboratory st Melrose Highlands. The shipments
were made as often as possible, to aveid retarding the development
-of the parssites any longer than necessary. Some of these packages
were arranged so that the -cocoons were in comparéments which
were surrounded by an iced chamber, and upon arrivel in New York
‘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 in the steamer’s cold-storage
room. :

As a result of this work abouf 125,000 first-generation cocoons
were received st Melrose Highlands -during June, 1911. Later in
the season 17,000 cocoons of fhe second generation were received.
During the summer of 1312 the work in Sicily resulted in the ship-
ment of 22,000 cocoons of the second generation.

CoroxigaTion

In this country the first~generation cocoons intreduced in 1911
were placed in l&yarkened containers, into which glass tubes wers
inserted to draw out the adult parasites end any secondary insects
which they might contain. By this method the injurious insects
were separated and destroyed, and the beneficiel cnes liberated.
The 17,000 second-generation cocoons received during 1911 were

laced in pelatine capsules and kept In an outdoor insectary at the

elrose ]g:ﬁghlands laboratory, The 22,060 second-generation
coccons of 1912 were cared for in & similar manner. The adult
Apanteles which jssued during the succeeding springs were liberated.

The total liberations of this parasife whichk have been made in
this country are shown-in Table 5.

Tasre 5.—Number of Apanieles melanoscelus liberated in the United Siales,
1511-1887

MNuomber of in-

dividusis Number of colenies Hberated in—
liberated

Cole-
sicln | Jized

3134 jang_
stock L Innd
stogk

Mmine

=

DR D i ki e am

3

SBolRRwtnEallioraas

132,177 i1

3

1 Aduits,
1 Probably a part of these stiaulil be credited to A porthetriae Mues,
1 Durlng 1925, 1926, and 1927 adult A ponteles wers colonlzod, Frevious te 1025 tho cocoons weracolonized,
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If will be noted that only 23,000 sdults were liberated from the
125,000 first-generation cocoons which wers introduced, and that-only
8 small percentage of Apanteles issued from the second-generation
cocoons received during 1911 and 1812. The mortality in all three
cases was very high. %_n the first case it was probably due largely
to the long exposure to cold-storage conditions. Subsequernt experi-
ments have shown that such unnatural conditions are often harmful
to insects, especially to the braconids during the period when nor-
melly they would transform in & few days from larvae to adults,
In the case of the second and third shipments, which were second.
E;anemtion cocoons, & very high percentage of the Apanteles were
illed by hyperparasites.” In addition to this the cocoons were
kept in senled gelatin capsules without any ventilation befors the
parasites emerged snd were liberated, a condition which in later
work has been avoided by pricking each .capsule with a needle.

Fia. 10.—Apparatus used for vearizg and colonizing parosites and beetles. A, Colonization cans;
B, ginss viuls § by 4 inches; C, glass vials 2 by 8 inches; D,}Pastehoard boxesd by 5 by 736 inches;
E, rearlng cans; F, tellecting box; G, glass rearing Jars; H, smail rearing cor with glass cover; [,
falvuni:ed-irun cyilndars used for carrying insacts through the winter; I, cylindelenl cages for CRLry=-

ug Calosoma beetles throngh the winier; K, wooden box with sliding giass top.

All of the parasites liberated after 1913 were obtained from stock
esteblished 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 first-generation cocoons. The liberations were made by placin
the cocoons in small cylindrical tin cans {fig. 16, A) 214 inches hi ﬁ
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 placing the cocoons in the can, the
cover was put on to keep out the rain and protect them from birds
end other enemies. A band of sticky material wes then placed
around the can to prevent ents from getting to the coecons, for they
would very quickly destroy a colony.
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in 1925, 1926, and 1027 the Apanteles cocoons were held at
the laboratory untid the sduWlt parssites issued. These were
then placed In contsimers to ensure the fertiization of the
foinales before they were liberated. Although the liberadon of
fertilized females requires more attention than the colonization of
the parasite in the cocoon stage, there is less danger of females
dispersing belore fertilization takes place. This method is con-
sidered miuch better than the colonization of cocoons, as the
colony has & better chance of becoming established.

Up to and including 1927, 257 coToni.es, usually of about 500
cach and totalling 155,653, had been liberated as follows: 113
in  Massachusetts, 60 v New HHampshire, 31 in Mane, 28
in Connecticut, 11 in Rhode Island, 11 in Vermont, 1 in New
Jersey, and 2 at
Brooklyn,N.Y. The
colouies placed st
Brooklyn were liber-
ated in an ares where
the white-marked
tussochk moth 1is
abundant,

Arpanvrrs Usep 1N

Lirs-Hisrony Sorvn-

iEs ave Larous Re-

PROGUCTION Wonk

The gluss-covered
tray shown in Figure

17, nol deseribed

under the title < \p-

paratus used 1n ) _
( om_pszin'm ]J.r(‘-]!l:"‘- Fui. ja.—i(eprudl;:t_lgr::ﬂg;;[;i—hiﬁfﬁfﬁ?léﬁe-lz;(s‘lu{)]r‘?;r;:xpenmcnts with
tory studies,” which

was developed and used in the Compsilura Ble-history work, is very
useful in connection with the Apanteles breeding work and has been
used to o considerable extent In similar work with several parnsites,
Glios vials 1 by 4 inches (fie, 16, B) and larger ones 2 by § inches (fig.
16, (") are also wsclful in small breeding expertiaents. The smaller
ones ure often used while exposing individual caterpillars to Apanteles,
and the larver ones are very satislactory for keeping the Apanteles
confined und fed. When they are not being used the parasites should
be kept in » dark, cool place where they will remain quict.

In order to rear luree numbers of this species a wooden breeding
chamber {fig. 18) has heen constructed. 1t is 5 feet long, 214 feek
wide, nnd 10 inches deep, with glass top and bottom. Trays, the
proper stze to be inserted easily in this chamber, nre used.  After the
trays have been stocked with approximately 16,000 [irst-instar gipsy-
motl caterpiiars they are placed on racks where the caterpillars are
fedd nnd alowed to develop & few days belore being exposed to the
purasites.  Alter a supply of adult Apanteles has been placed in the
chamber a tray of gipsy-roth caterpillurs is inserted.

It is important to control the light entering the chamber, so that in
munipulating the trays the parasites will not be injured or lost, By
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Fig. 18.—Breeding chamber for Apanieies melanoseatios. A, Chomber rest!.u¥ an jts slde,

sliowing XX, a board to ¢lose open end; B, chnmber ready to atock with Apanteles and gipay-
math larvno; tray eontaining .gipay-tooth larvae shown partly Inserted at ¢, lUght belog nd-
mitted ut & O, chamber resting on horses with light eniering Irém bottom naly, {Crosaman)
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Fia, 10 —8eme appamsius used in rearing perasites of the gﬁpﬂ)‘ mmoth and hrown-tail
rooth, A, Large wooden eage 30 by 24 by 24 inches, callec tnbe cage, used for rearing
parasites from imported bhrown-tail moth weba (Howard and Flake); B, large rearing
troy 24 luches wide, £0 inches long, 5 inches deep, with clgth bottom designed by Flaie
in which brown-tall-moth gnd gipsy-moth caterpllisrs are fed until perasites isa
wobs belog shown on bettom of tray; C, amall rearing tray made of heavy ;

_pa]:;.'r ‘preased su as to fit a i4-inch squace wooden frame, containlng hrown-tall moth
we
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allowing the light to enter the chamber from the top, near the end
farthest from the opening through which the tray is inserted, .t.hhaiipara-
sites are drawn to the light ares at the top of the chamber while the
tray is inserted or removed. While the tray containing the cater-
_pi]ﬂra is in the chamber, all light is exclnded, excepting that which
enters through the cloth bottom .of the tray, which draws the Para-
sites to the bottom where the caterpillars are feeding. When the
caterpillars have been .exposed for a sufficient time the tray is with-
drawn and another one put in its place. This process is continued &s
long as the supply of Apanteles is available. The Pparasitized cater-
pillars in the trays are fed .and .cared for until the parasite Jarvae
_ __ issue. The Apaxicis:

" .cocoons .are then re-
moved and colonized
of held to rear the
adults for liberation.
The following
method of rearing

Apanteles In large

numbers for colomi-
zation has also been
satisfactory, although
it has not replaced
the chamber method,
for it is not quite so
-giependableI and there
1s more or less loss of
the parasites. An
ordinary rearing tray
with a cleth bottom
is used, well stocked
with small gipsy-moth
caterpillars. By.cov-
o R R ?;llm the to : l\lﬂ}(;;lh
" ' .. black paper all light
s thetop na b e ant e e B e ereidad fromm Ty
band which prevents the caterpillars from escaping. (Burgess) tray  except that
which enters through the cloth bottom. The parasites are Inserted
th.rouglh a small opening and allowed to remsin in the trays for
seversl days, after which the :pa'Fer tops are torn .off, and the adult
Apantdles allowed to escape.” The trays are then .cared for in the
usual manner.,

The braed.i.r.}f work to obtain Apanteles for colonization is supple-
mented by collections of gipsy-moth .caterpillars from areas in ]i\?ew
England where this parssite is plentiful. Such collections are placed
in wooden trays (fig. 19, B), with cloth ‘bottoms, where they are cared
for until the parasites issue, "To prevent the escape of the caterpillars
2 band of sticky mauterial is placed on the underside of the horizonts,
edges which project around the top of the tray. {Fig. 20.)

CoLLecTions oF HosT CATERPILLARS To DETERMINE THE FPERCENTAGE -OF
Paras1TISM

In an endeavor to ascertsin the percentage of gipsy-moth cater-
illars killed by Apanteles melanoscelus each ear, collections of the
host have been made several times & week for a number of years,
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Because of the time involved such collections must of necessity be
made relatively near the laboratory. These collections have been
made at Melrose and Stoneham when possible. Collection of the
caterpillars is begun soon after the first-instar gipsy-moth caterpillars
are present in the field. One hundred of these caterpillars are col-
lected on each collecting day as long as thet number of first-instar
caterpillars can be obsained. As soon as enough second-instar cater-
pillars are in the field to make & collection of 100 possible the collec-
fions of this instar are started. This system of collecting is continued
through the caterpillar season; consequently two .or more collections
are often made on the same day at the same point.

A much abridged table showing the data obteined from these col-
lections is Table 6. ‘The dates indicate when the first and last caier-
pillar collections were made from which Apanteles were recovered.
In the columns “¥irst generation” and “Second generation’ are
given, for each season, the lowest and highest percentage .of parasitism_
obtained in the series of collections. In all cases there were many
collections showing & percentage of parasitism between these extremes.

TanLE §.—Per cend of gipsy-moth calerpillars killed by Apanieles melanoscilus,
1815-1927

Parcen of parasitism of .
moth larvae cansed br—ﬁ'm .

Collected in town of— | Dates of eollections | g generatlon | Second generation

From— From— | To—

1015 Moy 28 to July B
May 28 te Jaly I9_
1818, Stoteh May % to July 10
May 28 to July 23

1817 June 6 toluly 23.
Jupe B to July 23

1918 Stonvham Moy ZitoJune 19
Moy 17T to June 20___.
1916 Stonchum May 28 to July LL.....
May 23 to July 10
1020 ;i . June 3 to July B._..

il

1922 R

1028 | Suupus,
1824 L8

wEBETa a0 EwEa KEE

tol
i I
toJ
toJuly3..__..l
toJuly 19..___
toJuly 5
July 1

July 2. ____

July 28, ..

[}

7
1
May 20
1
H
2

cpconobootobrobesona

e e BB B e b

7

3

Wb, ..-] Melrose u
Baugus. Meay 25

-] Saugus. May 18

to
to
to Y.

CECCOEdeoeNnbULeDmGEe

! ‘Phore were three collections in which 17 per.osnt of the larvas were paraditized, and one coflection in
which 36 per cont wore parasitized. The other collections showed o Iower percentage parasitized.

T There were theee coliections la which 24 por cont of the larvos were parusitized, and one collection in
which 22 per cent were parasitized, The other collections showed a fower percentage parasitised.

¥ 1p 1020 gipsy-moth larvae were so scarce in Stoneham that coliections in Melrase were aubstituted,

« [n 1921, because of the scarcity of the gipsy moth in Melrese, Saugus was substituted,

s During the years fram 1922 to 1927, inclusive, only one set of collectigns was mude,

« Thore were three collections tp which gver 30 per cent of the larves were parasitized. The gther cal-
Jections were Jower,

T There wore four collections in which over 40 per cent of the larvse were parasitized. The other col-
{ections were jower,

Practically all collections contained 100 gipsy-moth .caterpillars,
excepting in the last four years, when the size of each coll'fect.ion
was decreased to 50 each. Although these.collections were made over
a limited area they are representative of conditions in many towns in
the older infested territory. In addition to the serial collections .of
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gilﬁsy-moth caterpillars recorded in Table 6, small collections of cater-
pillers have been made in scattered localities throughout the moth-
infested area. The data obtained from such collections, together with
field observations, have shown that this parasite is often very sbun-
dant in limited areas, and collections of gipsy-uoth caterpiilars are
«often obtained which show from 20 to 30 per cent of parasitism caused
by this species,

RECOVERY AND DISPERSION

Apanteles melanoscelus was recovered the first year following its
liberation in this country; sparingly at first, but in greater numbers
each successive year. The dispersion .of this parasite has been aup-
mented each year by liberating new eclonies ouiside the srea in which
the species was knowr to be present. The natural spread hes been
in s northeasteriy direction, and this fact has influenced the Jocations
in which the new eolonies have been liberated. The dispersion of the
parasite in New England as determined by the laboratory records is
shown in Figure 3. Further colonization of this parasite is necessary
in order that it may more guickly become established over the entire
territory that is infested by the gipsy moth.

VALUE OF APANTELES MELANOSCELUS

As indiceted in Table 6, this parasite is of considerable value as a
parasite of the gipsy-moth caterpillars. It has two generations anpu-
ally either one or both of which may make appreciable inroads on a
gipsy-moth infestation. Although A. melanoscelus was first liberated
in 1911 it did not become noticeably abundant until 1916, and then
only iv & few locations, Nearly every year since then it has been
observed in large numbers (pl. 4, A, B, C, and D), in many smaell,
widely separated areas. The benefit derived from the esteblishment
of ths parasite in the United States is not confined to the control
of the gipsy moth alone, for field records have heen obtained of its
attacking the satin moth, Stilpnotia salicis L., a foreign insect which
has recently become established in the United States and Canads,
as well es the white-marked tussock moth, Hemerocampa leucostigma
S. & A.  Ip sddition it has been reared in laboratory experiments
from Malacosomae americane Fab., M. disstria Hilbn., Olene basiflava
Pack., and from the brown-tail moth, Nygmia phaeorrhoea Donovan.

Like meny of the introduced parasites and like the hosts them-
selves, it has its periods of abundanee and scarcity. There are various
reasobe for this periodicity. In the first place the host must be present
in suitable numbers to allow forits rapid increase. Secondly, climatic
conditions are of very great importance, especially during the period
when the parasites are ovipositing, for st this time during warm
bright days the females are very active, but they do not oviposit
readily when the weather is ¢old or rainy. The third and most serious
hendicap to A. melanoscelus is the enormous mortality caused by
hyperparasites.

The hyperparasitism of this insect by species occurring in this
country is much higher thar that of the other parasites which have
been introduced as enemies of the gipsy moth and the brown-tail
moth. Records obteined at the laboratory show that over 95 per
cent of the overwintering brood of A. melanoscelus are frequently
destroyed by hyperparasites. Muesebeck and Dohanian (27) have
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reared some 35 species whiech attack this ’quasite and have cited 14
species which are particularly hermful. They list these in the order
.of their importance as follows: - : :

Eurytema appendigaster (Swed.) Hypopteromalus tabacum Fitch

Dibrachys boucheanus (Ratz.) H us duz Girault

Hemiteles tenellus (Say) Hemi, Julvipes GGrav.

Dimmockia incongruus {(Ashm.) Eupelminug saltalor (Lindm.}

Lelia bucculatricts (Ashm.) Dimmackia pallipes Mues.

Qelis apantelis (Cushm.) Pleurolropiz tersalis (Ashm.)]| Principally
Eupelmus spongiparius {Foerst.) Pleureiropia nawaeis (Ashm.) tertiary:

This heavy hyperpsrasitism, howeyer, is not likely to be fatal,
for comparable conditions exist in Sicily where this Apanteles was
obtained. The junior author visited this ares during the spring .of
1922 and found Apunieles melanoscelus very sbundsnt, yet in the
examination of 100 cocoons hardly one could be found which had not
been killed by hyperparasites or destroyed by ants. ,

‘There is a close relationship '
between the sbundance of the
gipsy moth, of this Apanteles,
and of its hyperparasites, any
one of which often increases
rapidly under favorable condi-
tions. In several cases in this
country where the gipsy-moth
infestation was increasing there
has been noted a remarkably
raﬁid incresse of this parasite,
which, in turn, has been over-
taken by the hyperparasites;
not, however, until it had had
its effect on the gipsy-moth
inigstti.ltiﬁn. ]

"Such hyperparasitism is an ." )
.extraordinaryﬁandica toover- 10 PRt mele X Plhg e dieperd.
come. Fortunately Apanteles
‘has two geperations annually, which gives it a reproductive capacity
considerably greater than tkat of its host. The first or spring genera-
tion is exposed to the hyperparssites for.only the few dayswhile it is.in

_its .cocoon, and it is not parasitized to 4 serious extent. In spite of the
great mortality of thig species it is.one of the most valuable introduced
enemies of the gipsynoth. ' :

HYPOSOTER DISPARIS Vicreck

Although Hyposoter disparis Viereck (fig. 21), a parasite of the
small gipsy-moth caterpillars, was recovered in very satisfactory
numbers in 1913, it has never increased o any appreciable extent.
It has & single generstion apnusally and hibernates within its cocoon.
{it has been recovered sparingly nearly every year since. its intro-
duction.

Forrp1gN DISTRIBUTION AND ABUNDANCE

‘The records at the gipsy-moth laboratory do not show it as a
widely distributed species. 1907 this parasite was first discovered
in & small cellection of -%ipsy—moth caterpillars imported from Kiev,
Russia. The number obtained, in comparison with the number of

1781°—20-—4



http:orspr~gE)n{'.ra
http:importan~E).8S

50 TRECENICAL BULLETIN 88, U. S. DEPT. OF AGRICULTURE

caterpillars in the box, indicated that the percentage of paresitism
wes considerable; but an expert traveling in Russia for the Bureau
of Entomology in 1809, who sesrched for this parasite especially,
was sble 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,
Ttely, it was found abundantly in 1911.

During the recent gipsy-moth parasite investigations in Europe
nothing comparable to the great sbundance 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 0% the gipsy moth. During this

Fig. T —Qocoons of Hypesater dixpariy on leaves In gipsy-moth feeding tray. INole the catorpillars
frore whieh the parasite maggols issued

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

Lare HisTory AxDp HasrTs

Because of the great scarcity of this parssite in New England it
has not been possible to make a detailed study of its life bistory and
habits. At the time of its colonization in 1912 the chief object was
its liberation and esteblishment. Since that time so few have been
recovered each year thet, until 1926, its life history had received
little rttention. For several vears large collections of ginsy-moth
caterpillars were made near the sites where this parasite had been
liberated. In many cases the parssite was not recovered, and on
several oceasions when & few cocoons were obtained the parasites died
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" dun.nghzbematmn or oﬂf-ix'_'sihgla sex issued ‘the following spring. - :
Curiously enough, ’__0111 males have been recoversd in /S0INe- 56RS0NS

Several cocoons were.obtained durin -ﬁhe_aummerﬁfﬁi%ﬁ, andaboﬁt

. 65 more came with the parsasite introductions from Europe, .|

the spring of 1927, for the first time sinee 1912, adults of botk sexes -
emerged after hibernation at the laberatory. Apparently fer{ilization
occwrred, but only males were obteined from the regulting: cocoens,
‘The species has a sin’ﬁle. generation and is entirely dependent on the
gipsy moth. The adulis issue.from their cocoons about the first
~ week in May, according to R. Wooldridge, who is investigating the -
life history .of this species.  ‘They insert their egge.an first-instar and

sscond-instar caterpillars, and the mafure larvae issne from fourth- - - L

- inster caterpillars., -In nature most of the larvae drop-to the ground,
and here the cocoons sre formed and the winter is :passed. Soms .
cocoons have been found on free trunks and leaves but they are easily

-dislodged. In laboratory rearing trays the cocoons are found in the
bottom of the trays or sttached to the foliage (fig. 22) which was
placed in the fray as food for the caterpillars, - o _ .

- INTRODUCTION AND COLONIZATION

As stated, Hyposoter was found in great abundance at Gioia Tauro,
Ttaly, in 1931, About 125,000 cocoons of it. wefe gathered in the
ﬁﬁl(f: placed in boxes, and shipped to Melrose. Highlands. Most of
- these cocoons were picked up from the leaf mold on the ground where

the species normally passes the winfer. e

When the cocoons were received at the Melrose laboratory they
were divided into small lots and placed in stout pasteboard boxes
{fig. 16, D), on which were Ell_acad tight-fitting covers. A glass vial
4 mches long and 1 inch in diameter was-inserted in a paper cone in
the end of each box to draw off the adults or any hyperparasites
which might issue. The cocoons conteined a great variety and abun-
dance of hyperparasites which continued fo issne throughont the sums
mer and early fall, Later, after this issuance ceased, a large number
of the cocoons from which no hyperparasites had issued were colon--
ized. These were placed on sphagnum moss in a cage in the ground.
More sphagnum mosa was placed -over them, snd the cage was then
=covere(f) with heavy wire netting coarse enough fo allow the para-
sites to escape and strong encugh to protect the material from
enemies. The remsainder of the material was cdrried through the
winter st the laboratory and about 12,000 adulty issued the following
spring and were liberated. About 500 cocoons were received during
the summer of 1927. These have been placed in hibernation cages.

RecovERY AND DISPERsION

‘Hyposoter disparis was Tecovered in 1913, the yei‘a.r .foﬂowihf ita
liberation, It is recovered each yeer but only very sparingly and not
more than & few miles from the area where 1t was originally liberated.

Vaute oF HYPOSBOTER DISPARIS.

. Up to the pmsenﬁ time it has not been en ixﬁp_ortantf enemy of the -
gipsy moth in New England. Its annusl recovery, although in small
numbers, indicates that it is firmly established. In the European
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*_investigations it ‘has been wecovered from several-wountries but ionly
.abundantly.one ‘year, :in-southern Ttaly. It may be that this para- .
. site is.able to increase to .advantage only in :a milder climate than is
ffoiniamundlﬁpsﬁon.&d L
A ‘beginning ‘was made :int :1926 to increas: +:is species by rearing <
it -at 'the labordtory, .but several :seasons may be *;I;(;‘l(ilred to vear :g
ssifficient:number for & satisfactory liberation. .As soon :as enough
are on ‘hand it js the intention .to place ‘a strong colony in southern
‘Massachusetts, the climate there being milder than it is it the Boston
:ares, where this parasite is now merely.existing. Tt is hoped thatwhen
this hes been done fhe arasxtewﬂf Aill be -under more favorable con-
«ditions :and become the Jmportant gipsy-moth enemy that it was in
1911 in Ttaly, C - . \ R
: _ COMPSILURA CONCINNATA Mélgen .
‘One of the first parasite enemies of the gipsy moth and :the brown-
tall moth to be obtained from Europe was Compsilura concinnata.

Fra. 23~ Compeliura concinrale; adult femate, % 614

{Fig. 23.) It was first received in 1906, and then in-each successive
year up to and including 1911, but it was not until 1909 that it was
considered *as of particular importance as a gipsy-moth parasite’”
{14, p. 220). 'This tachinid passes the winter as an mmmsature maggot
within hibernating lepidopterous pupae (26), and has three, and
possibly four, generstions annually, In New Englend it has been
one of the principal checks on the increase of the gipsy moth and the
brown-tail moth, as well as an important.enemy of native insects.

FoRrEIGN IMSTRIBUTION AND ABUNDANCE

This species has a wide distribution and has been recovered from
the following countries: France, Belgium, the Netherlands, Germany,
Poland, Czechoslovakia, Auatria, Hungary, Bulgaria, Yugoslavis,
Switzerland, Portugal, Spain, Italy, Russia, and Japan. During the
recent foreign work it hes been found often in Xurope, but not in
sbundance In the areas where experts of the Bureau of Entomology
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.have carried on their investizations until :the summer of 1927. ‘It
has been reared from collections of :gipsysmoth larvae made by them.
in Hungary, Czechoslovakia, ‘Poland, Bulgaria, Yugoslavie, Spain,
and Portugal. ‘The data-ebiained drom ithe recent European work
of the bureau up to 1927 would indicate that this species i1s not an
Jimportant enemy-of the gipsy:moth. It -will be remembered, however,
‘that during the early years of the importation work this-species was
received only sparingly for three years, and it was not until the
fourth year of the work that it was considered of importance as a
gipay-moth parasite. .

' The number of Compsilura received irom Europe during 1899
indicated that it must have been an important parasite of the gipsy-
siath caterpillars that sesson. It was found .in many locefions,
especially in southern Frince and Germany. The large number of
Europeen insects recorded as hosts of this parasite is also indicative
-of its importance. The records show that i Kurope there are-years
when Compsilura is of considerable importance as an enemy -of the
.gipsy moth and the brown-tail moth. Evidently it has periods of
abundance and scarcity, as is the ease with may insects.

Its value as a gipsy moth and brown-tail moth parasite is ?}\g\;rgely

dependent upon the abundance of suitable hibernating hosts;. and
this accounts to a large degree for its periodicity of abundance. -

Lirs Hisvory ano Hamrs

COompsilure concinnaia passes the winter as an immature maggot
within ifs host. About 25 species of hibernating hosts in ‘this country
have already been discovered in the investigations (26) carried on
at the gipsy-moth laboratory at Melrose Highlands, Mass.

From the middle to the last of April the full-grown psrasite mag-
gota issue from their overwintering hosts and pupate, the edults
appearing about 10 days later. There are from fhree to four genera-
tions annually, the first one attacking the small brown-tail moth and
gipsy-moth caterpillars. Other records show thet this generation
1s not confined to these two speciés but attacks many native insects
also, The adult parasites live from 18 fo 20 deys, so there is an
overlaf ing of generations in the field, and adults may be collected in
the field from May i until November 11.

The female is provided with a long curved shesth which is very
sharply pointed. It is used for piercing the bodies of the caterpillars, -
end guides the larvipositor as e living maggot is inserted into the
host. According to Culver (12}, and Tothill (24) the reproductive
capacity of Compsilura ranges from 90 to 119 maggots. In nature
the females are presumably more fecund than in confinement.

There are three larval instars within the host, requiring an average
of 15 days for their development. The mature third-inster maggot
bores through the skin of the host, ususlly in the eaterpillar stage,
end pupates outside of it, but occasionally it does nof issue until
its host has pupated. If the host of Compsilura is a brown-tail-moth
caterpillar the maggot usually issues while the caterpillar is spinning
its loosely woven cocoon and may pupate within the cocoon. When
the host is & gipsy-moth caterpillar the meggot upon issuing usually
drops to the ground and enters the soil for pupation, but it may
pupate in masses of molted skins or pupae. _The puparia (fg. 24}
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are offen found in crctches of trees where ‘the hosts are resting or
under débris and stones on ‘the ground where the parssitized csier- -
Pﬂlars have crawled. In from 1010 14 days after the parasites have
eft their hosts the adults of ‘the next generaﬁon_ap‘i)esr. : .

Reproduction continues during the summer, and as the hosts ppre-
pare for hibernation the Compsilura magpots within them become
-quiescent until the following spring.

IuroRTATION

During the first years of the introduction work large rumbers of
‘brown-teil moth end gipsy-moth caterpillars were collected from many
‘areas in -Emﬁpe. Thess were sent to the gipsy-moth lsboratory, first
at Saugus, Mass., and later at Melrose Highlands, Mass. For ship-
ment, the ecnterpillars were placed ir light wooden boxes sbout 8
inches long, 5 inches wide, and 3 inches deep. In one end of each
box was a hole about 1 inch in diameter covered by fine copper-wire
netting. Each box was well supplied with foliage for the caterpillars
and covered with a wooden top. The boxes were ther made up into
packages of size convenient for shipment. There was usually & very

Fig. 24— Compeilura concinnata: Lateral view of pupezicm, abowt 19 times
natural size )

heavy mortality of the caterpillars while in transit to this country,
but mm many cases the Compsilure maggots issued from the cater-
pillars en route and pupsated successftﬂfyg in the boxes. From 1906
to 1008 most of the Compsilurs were obtained in this marmer from
shipments of full-grown brown-tail moth caterpillars. In 1909, 1910,
and 1911 many Compsilura were recovered from shipments of gipsy-
moth caterpillars as well as from brown-tail moth caterpillars.

CoLoNmzaTION

Compsilure was first received and liberated in 1806 with some other
tachinids. The identification of these perasites was not possible at
the time, so the exact number of Compsilura which were liberated
in that and the following year will never be-known. It is known,
however, that ‘the liberations made in 1907 were much greater than
those of the preceding year. In 1908 no liberations were made al-
though the species was received from several European countries.
%h&numbers of Compsilura whick have been Liberated sre given in

able 7.
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TABLE 7 —C’alomzdwn of :Compailura concinnalo inthe Unilsd Slates

Kumber of Compeilarn Uberated in—
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1 All of tha Campsllurn tibersted previons to 1912 were of foreign stock. Binpe 1017 all of tha Gmﬁm
for lberation have been obtalned [n'the New Englnnd Statss axcept 13,384 in 1927 which eame from. .
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.fn&fﬁ?}r.:rfdmélmmm" ds, Aiass, uarters, whils chtaining this matesial, at the gipey-mo

In New England this parasite has been ecolonized in the adult form
as well as in the pupgrial stage. When the puparia haye been -col-
onized they have been placed on the ground in protected piaces and
lightly .covered with a layer of earth and leaf mold. In recent years
the practice has been to hold the puparia at the laboratory and allow
the adults to issue and mate before being liberated. This methed -of
colonization is considered better than the colonization of puparia.

Although there is usually considerable mortality of tachinids when
beld as adults in confinement, the liberation of fertilized females has
enough in its favor to counterbalance this mortality. When the tachi-
nids are colonized ss puparia, the adults as they issue may spread
so rapidly that in many cases the sexes are not .able to meet, and &
generation of males iz produced parthenogenetically. When fertilized
females are liberated the number of parasites in each colony need not
be so great as when the colony is put-ont as puparia. “This permits the
liberation of more colonies and mekes for:a quicker.dispersion over the
infested territory, When puparia ‘have been -colonized, 500 -or more
were placed in each colony. In liberating colonies of fertilized females
250 to 300 parasites in each colony are considered sufficient to insure
its establishment. It should be noted, however, that in atiempting
the establishment of & foreign tachinid not present in this country
much larger colonies should be liberated.

APPARATUS UsED 1IN CoMpaiLvrs Lire-HisTory STUDIES

A wooden tray (fig. 17} about 14 inches squars ard 5 inches deep,
covered ou the bottom with white cotton cloth and en the top with
%1333, vas found to be very useful in breeding-work with this species,

ne-inch holes bored in three sides of the tray and covered with fine
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copper-wire netting allow ventilation. Another 1-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 folinge for the caterpillars. This hole is closed by means of &
large wooden stopper. Often, in this large wooden stopper is & 1-inch
hole into which a glass tube full of water is inserted. The stems of

(Moshat)

pleco of beavy paper which has becn treated with paraltln, ‘This ssts into n woodsn frame,

Fi5, 25.—Peralined }mper teay used for feeding small eollectinns of caterpillars, Mote that the hottoms ond sides are mude of one

the foliage pass into this tube of water through a small hole in & cork
stopper which fits into the open end of the fube. In this manner the
folinge in the cage is lkept 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. Seepsage of water from the tube
or bottle is preveuted 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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"I'he adult parasites are fed by slightly moistening pieces of sponge
with 8 mixture of 1 part of honey to 2 parts of water. These pieces
-of sponge should be placed on a piece of paraffin paper so that they
do not foul the cage and should be thoroughly cleansed :and mois-
tened with & fresh mixture of honey and water .each day. Within
such a tray lfi_ps.y-mm;h 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 study. A fertilized femmale and a
ccaterpillar are confined in such a vial until the host is atta~xed. The
-caterpillar js then removed and placed in a small tray (fg. 25), for
rearing. In ceses where the study necessitated the keeping of & para-
sitized caterpillar isolated, small cans (fig. 16, E) were found to be
very satisfactory. These cans are eesily kept clean and the foliage
remains fresh in them longer than in open -containers.

Mersops Usep To Oprain CoMraiLURA FOR COLONIZATION

By the year 1912 this species was firmly established, but further
colonization to assist in its dispersion was necessary. The procedure
has been to msake small sample collections of gipsy-moth caterpillars
from many locations, and from those showing the hi_ﬁhest: ercentage

of parasitism large numbers of caterpillars were collected. Mainly
ﬁftﬁ—_'msta.r and sixth-ingtar caterpillars are collected for the bulk
recovery of this parasite. These are put in wooden boxes, 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 snd put
up in colonies of 500 each and kept in a cool place until ready for
colonization. If adults areto beliberated the puparia are placed on soil
in emergence cages (fig. 8, B) and handled as described on page 18,
After mating has taken place the females are put into & colonization
cage (Ag. 9), to be taken to the field for liberation.

uring the last few years, in addition to the Compsilura 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.

LorrecrioN oF Hents 7o DETERMINE THE PERCENTAGE oF PARASITIOM

As this parasite attacks & great variety of hosts the collections of
host caterpillars are not confined to the gipsy moth and the brown-tail
meoth, but the satin moth and a large number of native Insects pre

collected annually.
PAHRABITIBM OF NATIVE INBECTS

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 some species the para-
gitism has been very high, ) )
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This information has been obtained through the handling annually
of from 50 to 160 different species, lavolving the care of {rom 18,000
to 60,000 native insects each sesson. These insects arc from many
collections, some of which eontain only one larva, others several thou-
sand. They not only require 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
. requires the use of 8 large variety of rearing cages and a careful system
of recording the date. The material is collected by members of the
laboretory force when they are in the field, and also by members of
the ficld force who sre provided with small mailing tubes for this
purpose. Many of the local moth superintendents in Massachusetts,

Fui, 36 —"Cypeof ordinary trey used gL the plosy-maoth lsboratery for feeding sinpll vollections of cater-
plllars.  Sote the baod of sticky muterial ot the inside of the sidos aud ends of the lroy 1o e
vort cipterpillers frow esespiag

and Interested people all over New England, contribute to these
vollections, As the host material arrives at the laboratory, it is
assurted according to the species and placed in containers suitable
for rearing the insects. The ordinary gipsy-moth rearing tray (fig,
26) iz used for many species. For some species the glass-covered
trny shown in Figure 17 is better adapted. Another tray, useful for
some species, is a modification of the one shown in Figure 25. It has
o wire bottom instead of cloth, and may be placed on the ground or
may have u small quantity of earth put in it for the larvae, which
pupate in the soll. Many types of small cans snd jars, some with
cloth tops, held in plsce by clastic bands and others with tin or glass
tops, arc used. (Fig. 16, C, E, G.)
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Recently ¢ cylindrical can 2 inches in dismeter and 2 inches long
(fig. 16, H) with a glass top has been found very useful for rearing
Ingiﬂdunl caterpillars and their parasites. The cover is made by cut-
ting -out most of the top of the tin cover of the can, leaving enough
of the tin around the circumference to retain a circular piocs of glass
placed behind it. The glass is held there by means of three small metal
clips soldered to thetin. With the glass fitted into the cover the hosts
or their parssites csn readily be seen without removing the top; and .
if & parasite has issued the can may be opened with less danger of the
parasite escaping. When there are many containers to observe each
day the eans with glass covers save much time in the routine handling
of this material.

Some of the collections which arrive at the laboratory are placed
in containers in which they are to psss the winter. Jars partly
filled with earth serve the purpose satisfactorily for many species.
Other types of hibernsting cages for insects which pass the winter in
the soil are shown in Figure 16, I. One of these is & galvanized-iron
cylinder about 10 inches long and 5 inches in diemeter. The bottom
1s covered with fine-mesh copper-wire netting and the top may be
covered with the same material or with cloth. Another one made of
% strlong henvy wire netting is used for the hibernation of ‘Calosomea

setles.
PARABITISM OF GIPSY-MOTH LARVAE

Many collections of gipsy-moth caterpillars axe made annually to
determine the perceniage og perasitism of this species by Compsilura.
In general these collactions may be divided into three series, namely,
the semiweekly collections, the eanusal collections from 25 specified

towns, and 2 larj:e rnumber of miscellaneous collections.

The semiweeldy collections have been made during the caterpillar
seeson for several years at Melrose or surrounding towns. They are
merely a continuation of similar collections made of the smaller oater-
pillars for date in regard to the parssitism caused by Apanieles
melunoscelus, and ere described in the part of this bulletin pertaining
to A. melanoscelus on page 46. The collections for recovery of
Compsilura consist of third, fourth, fifth, and sixth inster caterpillars,
Usually not many caterpiliars which have been collected while in the
third instar have been in the field long enough to become parasitized
by Compsilura. High percentages of parasitism are sometimes
obtained from caterpillers collected whils in the fourth instar, but
the highest percentage is found in caterpillars of the fifth inster. A
decrease in the percentage of parasitism is usually shown in cater-
pillars collected "as sixth instar. ‘Qccasionally Compsilure maggots
issue from gipsy-moth pupae, but the great majority of them issue
from the caterpillars.

Tables 8, 9, and 10 show the percentage of mortality of the gipsy-
moth caterpillars caused by Compsilura in collections of caterpillars
made in Melrose, Stoneham, and Saugus, In most cases each colloc-
tion consisted of 100 caterpillars, all of the same instar. These were
placed in trays and here they were cared for throughout the season.
The trays were examined daily end careful records were kept of the
observations made. Rach tray was confined in a screensd compart-
ment (fig. 27) to prevent the occwrrence of sny parssitism af the
laboratory after the collections had been made. .
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Fig. 27.—Hereened-lo rack for holding trays of gipsy-moth larcae collected to detorinine the
amount of parasitism, Two trays are partially withdrawn to show the doors ovar each gommpart.
mant

TaprLe 8.—Semiweekly collections of gipsy-moth caterpillars made al Melrose,
Mass., lo delermine Lhe percentage of parasilism caused by Compsilura concinnata
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! Of the 17 collectlons made, ¥ showed from HF to 44 per cent of Ems!t!sm.

* Of the 0 collections mode, 6 showed ovar 20 per cobl of parasitiso,

P O the 17 collections made, 2 showed between 50 end 80 per ceat of parpaltism, 2 of them beiwoesn 80
and 7 pur cont, 2 of them botween 70 and 50 per cont, und 2 batween 80 nud 87 per cent of parusitism.

¢ During i year most of tlie coilections contained 50 caterpillars esch. Fiplf of these were cared for In
truyy and the other hnlf were dissected,
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‘These collections were made each year from 1915 to 1920 inclusive.
"The figures obtained show clearly a very high percentage of parasitism
_of the gipsy-moth caterpillars in 1919 and 1920. In 1920 the:mortality
was s0 great that no collections of sixth-instar caterpillais could be
be made at the colleetion point in Melrose. Compsilura concinnate
was the chief cause for the decrease of the infestation in this loeality,
although Apanteles melanoseelus sccounted for the death of a consid-
erable number of the earlier stages of this host. Calosoma sycophania
also was present and killed many larvae. Since 1921 the gipsy-moth
infestation in this area has been so light that semiweekly collections
of ceterpillars could not be made until 1925, so the semiweekly .co!-
lections to represent this section were made at Saugus, Mass. Some
of these years it hasnot been possible to find the fufi number for each
of the collections at the collecting point in Saugus, and the collections
have been completed in many cases in Melrose or.other surrounding
towns as negr to the eollecting peoint as possible.

In 1925 there was & slight increase in the gipsy-moth infestation
in Melrose and semiweekly collections of the larvae were made. Each
collection contained 50 caterpillars instead of 100 as in Pprevious years.
Part of these collections were handled in the usual mannper and &
part were placed in a preservative for dissection. The dats obtained
for 1925 are given at the bottom of Table 8. The parasitism was
relatively low,

TanLe 9—Semiweekly collections of gipsy-molh eaterpillers af Stonekam, Mass., to
determine the percenlage of parasjlism caused by Compsilure concinnala

Number of colleetions mada and stage of larvas collected Prroentage of parusitlsm
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Of the & collections mede 5 showed over 20 per cent of parasitism.
Of tha & collections mude § showed over 30 per cent of paraajtism,
Of the § collectlons made 8 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 by Compsilura was very high in 1919, and although the table
shows 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 caterpillars, for the infestation was gresatly
reduced: by Compsilura. Calosoma also was present and Apanteles
melanoscelus killed many .caterpillars in the early instars. The infes-
tation was so thoroughly reduced that it was not possible to make
ths semiweekly collections in Stoneham during the following year.
However, in 1921 the gipsy-moth infestation had increased enough so
that semiweekly collections could be resumed, and the data given
in Table 9 show Compsilura very abundant. It was, again, Eeﬁy
responsible for a big reduction in this infestation. Since 1922 the
infestation at Stoneham has been too light to support semiweekly
collections.

Collections of gipsy-maoth caterpillars have been made at Saugus
each year since 1921 and handled 1n a manner similar to those made
at Melrose and Stoneham. Collections were started at Saugus, a
neighboring town, because of the scarcity of the gipsy moth at Melrose
and Stoneham during these years. The infestation at the location in
Saugus, where the collections were made, has not been heavy during
the period covered by these collections. The percentage of parasitism
by ‘Compsilura at this co]leci;in%1 point has not been so high as those
recorded 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, excepting in 1925, when there was a marked decrease in the
percentage of parasitism.

TanLe 10—Semiweekly collections of gipsy-moth caterpillare made al Saugus,
Mass., to delermine the percentage of parasilism coused by Compsilura con-
cinnala
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‘The semiweekly collections -of gipsy-moth larvee which have been
made at Melrose, Stoneham, and Saugus demonstrate clearly the great
bexefit that has been derived from the importation of this parasite.
Becsuse of the labor invelved it has not been possible to mske such a
thorough study of the parasitism caused by Compsilurs in other
locetions. . :

In 1915, 25 representative towns were chosen in which to make an
annual collection of gipsy-moth caterpillars for the recovery of Comp-
silura. ‘These towns are scattered over the esstern half of the gipsy-
moth-infested area, and although collections of this nature do no$
give an accurate figure of the percentage of parasitism of the host, -
they are indicative of the general abundance or scarcity of the pars-
site. The ares involved in these collections and the percentage .of
parasitism recorded for Compsilura for 1923 are shown in Table 11.

TaprLe 11.—Collections of gipsy-moth .oamgriuars“mde do determine the abundance
of Compsilura concinnala and Sturmia scutellala, 1928
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Tasie 12.—Summary of annual collections of gipsy-moth caterpillars from 25
towns fo delermine abundance of Compsilura concinnala and Sturmia sculellalu
from 1915 lo 1927
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When possible each collection contained 100 fourth-instar to sixth-
instar gipsy-moth caterpillars. These were collected from any ares
within each town. The caterpillars were fed at the laborstory in
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t;rays until the parssite maggots issued or untﬂ the caterpillars
; the pupae were then removed to separate confainers to be -
Eellz{ for the issuance of Sturmia seutellate.

A summary of the records obtained from similar .collections of
gipsy-moth caterpillars which were made st the towns listed in Table
’}[‘1 gimh year from 1915 to 1927 appears in & much sbridged form in

able 12.

Fourth-instar to sixth-instar caterpillars were collscted in this
series of collections. In most cases each collection conta.med 100
caterpillars taken promisencusly from any location within each town.
The date indicate that Compsilure was most abundant in the areas
involved in 1923. That year the collections showed an average of
25 per cent of the larvae parasitized by this species. It also shows
the fact that during the F st few years this parasite has been less
effective. 'This is very evident for 1925, for 16 per cent, which was the
highest parasitism recorded for the entire list of towns, was the low-
est high percentage obiained sinece the collections were started in
1915, snd the average percentage of parasitism of the caterpillars by
Compsdura was only 4.

It will be noted that the teble contains some data on parasitism by
Sturmia scutellate. Reference will be made to {hese under the dis-
cussion of this species.

Besides the semiweekly collections and the amnual collections
recorded in Tables 8, 9, 10, 11, and 12, & great many miscelleneous
collections .of g'psy—moth catermﬂ&rs are received st the laboratory
each season. Many towns scattered over practically the entire

ipsy-moth-infested area are represented in these miscellaneous col-

ections. In Table 13 are listed the towns from which collections of

gipsy-moth caterpillars were received in 1923. This list of towns

indicates the ares from which similar collections are received .each
ear.

It should be noted that many of these collections wers madz where
the gipsy-moth infestations are extremely light and scattered, in the
aree farthest from the older gipsy-moth-infested territory. The
records given in Table 13 are for 1923, when Compsilurs was more
abundant over the entire gipsy-moth Linfested ares that it has been
since its establishment. It is very gratifying to obfain relatively
high percentages of perasitism from many of - ie collections made in
the area which is only lizhily infested. Such perasitism undoubtadly
occurs in many pleaces where light gipsy-moth infestations are present,
just east of the westerly dispersion line, and must be of inestimable
\alue in prevent.mg & rapid increase of this insect in these isolated

-moth colonies.
Ke data obtained from these collections during the last few years

are rather similar in nature to those in Table 13, except thai the
average percentage of parasitism has nobt been S0 high as for that
year. Itis not necessary for these detailed data to be included 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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“YapLE 13.—Porasitiom of ffth-sage and sizth-slage gipsy-moth calerpillars
Compeilura. concinnala and_Siunisfa asutellata 3n 1923, ax determined g .miaoz
daneous colleckions, especially in the ouler area :
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Tanrn 14.—Summary of miscellancous gipsy-moth ealerpillar collections io show
abundance of Compsilura concinnata, 1815 to 1987
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The caterpillar collections shown In this table contained from s few
to several thousand caterpillars from each town, depending upon the
abundance of the gipsy moth in the area. _

The data given in Table 14, together with those shown in the
previous tables, are conclusive evidence that Compsilura is 2 very
1mportant factor in the biologicel control of the gipsy moth.

PARABITISM. OF OTHEER CATERPILLARS .
Compsilurg concinnata is an. important parasite of the brown-tail-
moth caterpillars as well as of the gipsy-moth caterpillars, satin-
moth caterpillars und many native insects. The satin moth has
proved to be a favorite host for Compsilurae in this couniry. Records

- were obtained of high parasitism of the large caterpillars by this -
techinid the first year that this insect was found in New England. .

The parasitism of the satin moth by Compsilura has been i_brieﬁg
treated in a recent publication (?) by the authors. The data whice

heve been obtfeined show that thiz parasite has become the most
maportant insect enemy of the satin moth in New England. In

many collections of large caterpillars from 56 to 70 per cent of the -

caterpillars have been killed by Compsiluza. Records obtained from
coilections of satin-moth csterpillars, made over the entire ares
infested by this insect, show that Comusilurs is attacking this host
wherever 1t occurs in New England.

Brecovery any DispERrarox

Compsilura was doubtfully recovered in 1807, the year folloﬁng

its first liberation. The next yesr it was not recovered but the
following {ea.r and each succeeding year it has been recovered in
considerable nurnbers.

The dispersion has been hastened by the liberation of new colonies
beyond the area in which it 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 bean considered in determiniag the loca-
tions for new liberations. For the most part Compsilura has been
recovered by rearing it from gipsy-moth and brown-tall moth cater-
pillars collected from over the eutire aren infested by these insects.
In addition to the recovery records obtained in this manner many
valuable new dispersion records heve been made by rearing it from
native insects. :

As Compsilura is not dependent for its existence upon the gipsy
moth or the brown-tail moth it has spread far beyond the.dispersion.
of these insects and has been recovered from 33 towns outside of the
ares infested by the gipsy moth. Many of the native collections of
larvae from which these data have been 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 valueble data have been furnished by the entomological
department of Syracuse University, Without such splendid coopera-
tion by those interested, several of these recoveries would not have
been made. The territory’ over which this paresite is now known
to be present is shown in Figure 3. Its natural westward spread of
approxireately 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 without further assistance
" oF cost,

o b e

R T e


http:brown-tail.mo.th

GIPSY MOTH AND BROWN-TAIL MOTH INSECT ENEMIES 67

VaLue or CoOMPSILURA CONCINNATA

This parasite is certainly one of the most beneficial introduetions
that have been made. It has already demonstrated the important
Place it occuples among the insect enemies of the gipsy moth and the
brown-tail moth. In addition to the benefits derived from its parasit-
ism of these insects, it is causing high parasifism of the satin moth,
& recently introduced pest. The high percentage 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 are collections of large caterpillars of this insect
obtained which do not show some parasitism by 1(’Jponcqzvsilllra. Some-
times the collections show over 70 per cent of the caterpillars killed
by this tachinid.

The value of Compsilura in this country is still further increased
because of its attack on & great variety of native injurious insects.
It has already been reared at the gipsy-moth laboratory from over
100 different species, and undoubtedlgr records of its successful para-
sitisi of other species will be obtained.

The records obtained of the parasitism of .the gipsy moth by
Compsilura over the entire infested territory, and especially zlong
the border of this territory, show conclusively that this parasite has
assisted in checking the increase of the imsect and in curtailing its
westward apread. Such parasitism is particularly valuable in small
isolated gipsy-moth colonies in the sparsely infested regious,

There are many foreign insects listed as hosts of this tachinid which
are not present 1 this country. Should some of them ever become
esteblished here this parasite undoubtedly will atteck them as well as
the gipsy moth, the brown-tail moth, and the satin moth.

STURMIA SCUTELLATA Hohinean-Desvoldy

Sturmia  scutellota (fig. 28), formerly referred to as Blepharipa
soutellote R. D. in Amerisan literature, was among the first tachinid
- parasites of the gipsy moth to be received from Europe. At first
considerable difficulty weas experienced in obtaining sufficient speci-
mens for colonization, but later sstisfactory liberations were made.
The adult fly is much larger than Compsilura and is s 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 1o the soil, If
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 which have been successfully established I this
country. -

Foreien DIsTRIBUTION AND ABUNDANCE

This tachinid appears to be present in Europe over much of the
area where the gipsy moth survives. It has been received nt the
ﬁ'psy-moth laboratory from many:parts of France, Belgium, The

e(flierlfnds, Germany, Austria, Hungary, Czechoslovakia, Russia,
and ltaly.

During the last {ew years it was observed by the experts of the
Bureau of Entomology while they wers carrying on gipsy-moth in-
vestigations in Spain, Frence, Germany, Czechoslovakia, Hungary,
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' Poland,, Yugoslavia, and Bulgarie. During ‘the period <covered by

these investigations 8. scuiellata has nog been of grest importance in

Spain, -Portugsl, morthern Africa, or Poland. Heavy gipsy-moth
infestations have been found in these countnas, but ‘this parasite
was relatively scarce and in some instances it was not -even recove
ered. During the same period the gipsy-moth infestations in France,
‘Belgium, Tha Netherlands, ‘Germaiy, Austria, Rumania, and Italy

- have been too light to warrant carrymg on investigations with the

purpose of importing parasites into the United States. In Hun-
gary, Bulgaria, Czechoslovakia, and Yugoslavis a large number of S,

seutellaiz have been reared: :from collections of gipsy-moth -ca
lars .and pupee. The rearings in these countries have shown | a.t
this parasite is one of the important European enemies of the gipsy
moth. An allied species known a8 Crossocosmia sericariae Corn. s
» - parasite of the sitkworm
. and of the gipsy moth in
Japan, -often being very
abundant and of prnmu'_yr

importance.:

In the -earlier parasite-
intreduction work the

Sturmis which were intro- .

dueced in large numbers for

colonizatioh came mostly

from France, ‘Germany,

Austria, Hungary, Italy, or

Russia. Fromsomeof-these

. co]legtlonsSturnu_ 3 ams;uedm

numbers suggestive of great

abundance. Like most of

the parasites, S. aculellale

1a found in great abundsnce

An -some areas during -cer-

tain years, yot examinations

4 : made .in -other loeations’
F10. 23—Aduit lemale of Sturmia scutelots, X 3. (Howard often notfar distant fail to
Hiske) show its jpresence. Such

conditions have been noted in recent European investigations, and In° .

Ruseia during 1909 end 1910 by Trevor Kincaid and W. F Fiske,
Lire HisTort AND Hurrs '“

This techinid has a single genemmon each year, passing the winter

. within its puparium in the earth. Early in the spring, & ‘week or two

.‘r'

before the gipsy-moth hatching is general, ad ts of ‘this fly begin
ms from thesoil. The females dapomt their titiy black eggs on
he folisge (fig 28), to be swallowed by the host caterpillars. As is
the -case wita most leaf-ovipositing ‘tachinids (25), 8. scutellaia has a
large reproductive capacity. Iissections.of female flies of this and
allied species show that as many &s 5,000 eggs may be deposited. by &
single‘individual. The eggs are chltlmzc.d indicating an abili
m&hsﬁand exposure. ‘They are covered with a fine seulpture W, ch
~presumably strengthens them, making them less liable to injury
wiile being awallowed by the eaterpillars. Soon after the egg 1s in

‘.L th‘; a.hmentary cansl of the caterpllla.r the maggot issues, -bores
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through the wall, and attaches itself ja the host tissue. The early
development of the perasitic maggot within the caterpillar is rather
slow, but as the gipsy-moth caterpillar approaches the period of
pupation the parasite develops quickly, sometimes issuing from.the
caterpillars, but usuelly not killing the host until it hes pupated.
Then the maggot tears a hole in the pupa, issues, and enters the earth
for pupation and hibernation,

IxrorTaTION

The successful establishment of this species was brought about
ufter several unsuccessful sttempts. A number of its puparia were
obtained In 1905, the first year of the parasite-introduction work.
" They were sentin boxes containing shipments of full-grown gipsy-
moth caterpillars and pupae, but the following spring not a single
fly was obtained from these puparia. During the nextfew years many
shipments of large gipsy-moth caterpillars and pupse were received
from Europe, but most of them arrived in very poor condition. In
many cases the Sturmis maggots had developed and issued en route
and were forced to form therr puparis in the
bottoms of the boxes under such unfavorable
conditions that only a very few of them ever
produced flies. Many methods were tried in
an endeavor to carry such material through =
the winter but none of them proved very
sucecessful.

In 1969 errangements were made to continue
the large shipments of full-grown. gipsy-moth
caterpillars and pupae and to have them trans-
ported in cold storage on the steamer. By this
method the caterpillars and pupae as well as
the parssites they contained were so retarded p
in their development that many of the parasitic rra. 20 —Eggs of Starmia sce
mzz%got did not issue until after the shipments  {fife op fmgment of feat,
had been received at the laboratory. Here
they were placed in containers that allowed the Sturmia msggots
to enter the soil as they issted from their hosts, Under suek cireum-
stances the parasitic maggots developed and many of them sntered
the winter in good condition, The following spring the emergence
of the flies was rauch hetier than in a.nfr previous year.

During the last {few years rather large numbers of §. scutellaic
have been recovered in the rearing work carried on by the Bureau
of Entomology in severel Europesn countries. In these investige-
tions the tachinid maggots issuing in the rearing trays from gipsy-
moth caterpillars and pupae were ploced in large boxes containing
damp spwdust. Such material has been sent to the United States
by muail or brought bere by the men when returning after the season’s -
work. Although great care has boen taken in handling this material
before shipment and after arrival at Melrose, there i8 considerable
mortality.

Table 15 lists the number of 8. scufellate puparia which have besn
received from Europe during the last five years, and the countries
from which they were obtained.
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Tasre 15.—Ilwmportation of foreign Sturmia seutellata puparia, 1923-1927

MNumber of 8. scuteliala recelved from—

Yonr -
Czecho- - Tugzo- N
Hungary slovakiy | Fowad | Bulgarin slavia Spain Russia Totsl
8,718 [-oaee ) B 8.764
5,055 oo% 11, 885 1,842 LID2 fooeeean 20, 5R2
7,683 40 17 3 B, 104
8,752 8,752
3T [ 7 R, 37 4,419
33,052 50 os6 | 11,885 2,470 1,363 a6 1 50,61L

This species is a difficult one to handle and transport, being very
susceptible to injury under adverse conditions. The constant pres~
encs of a considerable degree of moisture seems to be & prersquisite 1o
its successful development and hibernation. Too great a degree of
moisture, however, creates conditions unfavorsble to the parasite,
gnd heating is apt to occur if the puparis are confined under such con-
ditiops very leng. The proper moisfure conditions are difficult to
meintain, especially when the packages containing the puparia are en
route for any length of time.

When puparie of 8. scutellate and Phorosera agilis ave received st the
Melrose Highlands Iaboratory from Europe, they are separated and
placed in confainers for hibernation. The method used is the same
for the two 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 the last three years the bulk collec-
tionz of pipsy-moth pupae have been kept n trays with 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 arrangec - racks. (ifig. 80.) As the Sturmia maggots
have & natursl tendency to work downward, they drop from the upper
trays to the lower ones and finally into boxes, placed !t))elow, which are
full of earth comFosed of leaf mold and fine root fibers. 8. sculellate
has been relatively scarce since these racks have been in use but the
results indieate that this method will be a most satisfactory one for
the hibernation of tachinids which pass the winter as do P. agilis
and 8. seutellate, The maggots go into the soil unmolested and
there form their puparia under nearly natursl conditions, never
having been fouched by the operators. Thess boxes are afterwards
placed in the soil where the parasites pass the winter.

CoroNIZATION

8. scutellota for colonization has been obtained by collecting its
host and rearing the parasite. The original stock was collected in
Europe as deseribed in preceding paragraphs, but since the species
becane established in this country the material for new colonies
hes been obtained in New England.

When Sturmia had become sufficiently abundant to furnish material
for colonization it was found to have dispersed over s considerable
part of the infestel area and no concerted efforts to obtain it for
further liberation in New England were necessary. The S, scutellata
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which have been obtained and colonized sinee 1917 were recoverad
incidentally while making collections of gipsy-moth caterpillars and
upae for other purposes. The majority of them were obtained from
arge 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

Fua, 30.—Two racks of trays with coamse wire-netting bottorms contalning gipsy-math pupae col-
lected lor thorecovery of 5. zeufellntn, As the parasite magpots issue from the gispy-mot pLpaa
they deop throngh the wire bottoms of each iray and finally into the wooden boxes beneath,
;sl'lh:chbcuntain leaf mold, earth, and reot Ober. The parasitea hibernaty withlo ¢heir puporin ln

£30 boxes

8. scutellata liberated during the last four years were obtained among
other tachinid parasites that were being gathered in Furope.
As early as 1907 a few Sturmia were liberated, but under very
unsatisfactory conditions.- The number of parasites liberated that
ear is not known, but probably it was less than 100 individuals.
he colonization records for the succeeding years are given in Table 16.
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TasLe 18.—Colonization of Sturmia scutellala Jrom 1808 to 1527

Now
Stage of pamsite Btage.af parnsits
used used

I
h 2 d
Prct::nhly adulls | | ! Puparis

CGrand total, 84, 643,

The actual number of effective S. scutellate libernted during the
years from 1907 to 1923 may be greater or less than shown irn the
table, for in the summer of 1909 several thousand Sturmis ma gots
were allowed to enter the earth naturslly in the forests, and the

number successfully emer%ng could not be known. Presumably the
emergence oceurring in the spring from material which passed the

winter under such natural conditions would be much grester than
that which would occur from material which was artificially hiber-
nated in cages at the laboratory. The 8. scutellate puparia colonized
from 1917 through 1923 were held in soil in the laboratory yard until
spring, when they were placed in forests where ‘the emergence toolk
piace. In such cases it was impossible to determine what percentage
of the puparia %ave Issuance to adults. The number of edults which
c

emerged from check lots eared for in a similar manner varied greatly.
The 1ssuance of adults in a few of them was nearly 100 per cent, but
in most cases it was much lower, and in some practicaily no adults
were obtained.

It is possible to gather this parasite in Europe and in New England
in large numbers, but it is exceedingly difficuls to handle such material
so that a high percentage of adults will issue after hibernation. It
seems essential that the maggots upon issuing from their hosts have
the proper moisture and soil conditions in order to enter hibernation
in & healthy state and develop to mature insects in the.spring.

From 1908 to 1611, 5,372 adults of foreign origin were liberated.
From 1917 to 1923 inclusive, 71,314 Sturmia puparia were obtained
in New England and colonized. During the period from 1924 to
1927, 5,725 adults of foreign origin and 2,232 adults of esteblished
stock were liberated, making a grand total colonization of 84,643
Sturmia scutellote.

CovLecTtons or HosTs 70 DETERMINE PERCENTAGE OF Parssrmisy CaUsED
Y STURMIA BCUTELLATA

Collections of gipsy-moth pupae are made each vear to determine
the extent of mort.ﬁiity due to Sturmia. In addition to the data
obtained from such collections many new distribution records for
this parssite are made from collections of fourth, fifth, and sixth
mnstar caterpillars. The maximum percentage of parasitism is not
shown in the caterpillar collections wunless 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*Sturmia are shown in
Tables 11 and 13, together with the parasitism caused by Compsilura.;
In these tables are listed the gipsy-moth caterpillar collections made
in 1923. These caterpillars were put in trays for feeding until the
parasites issued or the caterpillars tﬁ::;pa.t,ed. In most cases 8. scu-
tellate maggots are obtained from the pupae, but occasionally they
issue from the caterpillars. When the caterpillars puputed the pupae
were removed to other containers and held until I:Ee parasites issued.

A large number of similar collections are made each yeer in the
ares represented by the towns listed dn Tables 11 and 13, many of
whick ere in the ares 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 the abund-
ance and effectiveness of this parasite in the outer gipsy-moth-infested
territory. The average percentage of parasitism by Sturmia in these
collections was considgerably less than gy Compsilura, but these were
larval- collections which do not give the maximum parasitism by
Sturmis. Several instances sre recorded in the tables where the
parssitism by Sturmis was greater than that caused by Compsilura
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
ipsy-moth pupal collections {Table 18) is a better indication of the
enefits derived from this tachinid. '

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

The perasitism of the female gipsy-moth pupae is in most cases
considerably grester 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. scutellata, 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 thet most of the
collections listed in this teble 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-
dence of Sturmia over practically the entire area. Many of the collec-
tions were made in areas mear the outer border of the gipsy-moth
infestation and in some cases from isolated colonies beyon(f
persion line of the gipsy moth. A collection of old gipsy-moth pupse
made {rom a newly discovered isolated infestation at Alburgh, Vt.,
bore evidence to the fact that this parasite does locate isolated col-
onles far removed from the generally infested area, and is able to
effect a material amount of parasitism in such locations.

Gipsy-moth pupal collections sre made each year from towns rep-
resenting the infested area as shown in Table 17. A summery of the
dat.t\.l obtained from such collections from 1918 to 1927 is given in
Table 18, '

the dis- -
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Tanre 17.—Collections of gipsy-moth pupae for recovery of Sturmia sculellata, 1928
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1 This purasite was recoverad for the first time (o the town,

Y At Alburgn, V., severnl old gipsy-moth pupas were found, 30 por eent of which wore estimated to have
been killm! by 8. scutelinta,

1 These arv weighted averages obtained by dividing the total number of poarasites that emerged {rom male
und famale pupae by the gross number of male and female pupae,

TapLE 18.—Summary of gipsy-moth pupal collections made annually fo oblain
records of distributions of Sturmia scutellata, 1918-1927
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The number of pupae in each collection varies considerably eack
year. Some collections contain over 100 males and 100 females,
ut 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 & much higher, and often a very
much higher, mortality from Sturmia than the average percentages
iven in Table 18. The reverse of the case is also true, and thi
owers the average percentage of purasitism, so that this percentage
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durkag & certain year inay be 20 or 30, whereas there will be locations
where gipsy-moth eolonies are practically exterminated by the
parasite. Such date are not even indieeted in such a summary as
18 shown in Table 18.

In sddition to the annual pupal collections made from the ares
represented by the towns shown in Table 17, yearly collections of
pupae have &lso been made since 1917 from the 25 towns from which
annuasl collections of gipsy-moth caterpillars are made o determine
the .extent of psrasitism by Compsilura. These towns are scattered
cover .the .eastern third of the .area now infested by the gipsy moth.

The results obtained from fhe pupal collections for 1923 are given
in Table 19, and & summary of such collections made for the period
from 1917 to 1927 .appears in Teable 20. .

TasLe 19.-—Collections of gipsy-moth pupse made a! 25 towns to determine
the parasiliam due to Sturmia scufellala in 1583

Number of pupae i -Peroen of par-
collected mﬁfm

Locality

Fomale | Mals | Famals

Malrose, Mass
Spugus, Mass.
EBiogeham, Mass
Wakofigld, Mugs. ..
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Beverly, Mass
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Toston, Mass___
Woymeuth, Mass
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TapLE 20—Summary of annugl eollections of gipsy-mnoth pupse made ot £5 towns
Ao delermine the parasitism due fo Sturmia sculellals, 1517 lo 1927
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The data in these tables are evidence of the great value of Sturmia.
As has been shown for Compsilure concinnata, the highest average
parasitism by Sturmie scutellate occurred in 1923, There was a
decrease in 1024, a still further drop in 1925, and a marked increase
in the percentage of parasitism for 1927.

REcoveERY AND DIRPERBION

In 1911, four years after the first Sturmia were liberated, they were
recovered in & 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 recoveries were
from colenies which had been liberated eardier during the same
season. ‘The recoveries of 1911 were made from several places,
showing not only that the species was established but that 1t was
spreading satisfactorily. It was recovered only sparingly, however,
until 1916, when a collection of pupae from Beverly, Mass., showed
15 per cent of parasifism. Jrom this time up to and including the
summer of 1923 this parasite increased very rapidly,

Sturmia scutellate has dispersed rapidly, and it has not needed
the assistance of artificial colonization as have some of the other para-
sites. Many interesting dispersal records of this parasite have been
obtained. At Alburgh, Vi, some 30 miles from the nearest known
gipsy-moth Infestation, were found the remains of several gipsy-
moth pupee, about 30 per cent of which had been -destroyed by
Sturmia. This recovery seems especially remarkable as this tachi-
nid is practically dependent upon the gipsy moth for its existence.

S. scutellata was found in the gipsy-moth infestation in Somerville,
N. J., in 1920. The manuer in which it became established there
will never be known, but it is probable that it was brought from
Europe in the soil around the roots of imported spruce trees. It is
extremely doubtful whether this tachinid can continue to exist in
New Jersey, becanse of the intensive contrel work which hes been
conducted ngainst its host. '

The present known dispersion of Sturmia in New England is shown
in Figure 3.

VALUE OF BTURMIA BCUTELLATA

Sturmia scutellata 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 shown in part in the tables which have
been presented. The average percentage of parasitism of female
gipsy-moth pupae for the entire infested srea In 1923 was 49. In
meny places the parasitism was much higher thar 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-infested areas along the border
as well as in heavy infestations in the older areas. '

8. scutellata is dependent upon the gipsy moth alone for a host.
It has & great reproductive capacity, disperses rapidly, and is present
over practicelly the entire area infested by its host.
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ENEMIES OF .CATERFPILLARS AND PUPAE

MONODONTOMERUS AEREUS Walker

One of ‘the first parasites to be liberated in 1906 was the Mono- -
dondomerus aereus OF Walker. Records have been obtained suggestin
that at times this specics attacks the gipsy moth and the brown-t
moth, but it is certain that this insect has not acted as & primary
perasite of either to sny appreciable extent.

Forelay DISTRIBUTION AND ABUNDANCE

Monodontomerus (fig. 31) has & wide distribution in Europe and
Japan, and hss been reared at the gipsy-inoth laboratory from prac-°
ticelly all countries from which brown-teil-moth webs have been
received. It has been recovered abundantly from France, Germany,

Fia. 31.—Monodontomerus aereus, sdult female, X 13. (Howard and Fiske)

Austria, Hungary, Czechoslovakia, and, in less numbefs, from Italy,
from Japan, and from Simferopol and Kiev, Russia.

Lire History anp HamiTa

The female adults hibernate, No males have ever been found
during the winter or early spring. In the early fall the fertilized
females seem to seek out brown-tail-moth webs for hibernating

uarters. In laboratory experiments they have hibernated success-
ully in bunches of curled leaves, and one was found in a bird’s nest
eollected in the field. 'The experiments indicate that parasites of
the brown-tail moth are more likely to be parasitized by Mono-
.gonot.omems than are the same parasites when reared from other
nosts.

Usually there are two generations annually, but females of the first
generation have been successfully carried through the winter &1).
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‘The females are sturdy insects and often have been kept alive at the
laboratory for 9 and 10 weeks. In the spring, after the females
leave their hibernating quarters, several weeks are required for the
development of their eggs. When this period is passed, and a suit-
able host has- been located, the development from the egg io the
adult requires only three weeks.

The female oviposits in the cocoons of braconids and some other
Eymenoptera but prefers tachinid puparia. The eggs are laid on
the larvae or a dphs within the cocoons or puparia and here the
parasite larvae leed externally vn their hosts. en several Mono-
dontomerus develop upon a single host the adults are smaller than
when fewer develop on the same host. .

Fortunately Apanteles lacteicolor and A. melanoscelus are not para-
sitized to & serious extent by Monodontomerus, but Compsilura
concinnate suffers to a considerable degree, and Sturmie nidicole to
some extent but not so seriously,

From the European shipments of cocoons of the brown-tail moth
many Monodontomerus were obiained. In many cases they undoubt-
edly issued from tachinid puparia within these cocoons, but in other
cases careful examinations seemed to prove that they were also acting
as primary parasites. In the laboratory experiments Monodonto-
merus has been doubtfully reared as a parasite of the brown-tail-
moth pupae, but in many experiments where apparent oviposition has
taken place no reproduction has occurred. :

In large shipments of gipsy-moth pupsae from Italy in 1908 many
Monodentomerus were obtained. ‘A large number of the pupm
whieh were examined was found filled “?il& the larvae or pupz of
the parasite, and even when the larvae were still immature and
feeding there was absolutely no trace of any other parasite present in
the majority of instances.” (14, p.246). I nomistakein identity was
1ade in these observations it is evident that under certain conditions
Monodontomerus does act as a primary }i&rasite of the gipsy moth,
but the limited experiments which have been carried on during the
last few years indicate that this species is almost exclusively a hyper-

arasite.

d During the earlier phase of the parasite-introduction work the
primary object was to establish as many species as possible. At that
time there seemed to be sufficient evidence that this species and
Fupteromulus nidulons were more beneficip] than harmful, and accord-
ingf both species were liberated and became established. Durin

the %Yast few years further biological studies have been contemplate

in order to determine several points which are still in doubt, but
during this period these insects have been so scarce that only a small
guantity of material could be obtained to make these investigations,

InTrRODUCTION AND COLONIZATION

About 17,000 adult Monodontomerus wers obtained from brown-
tail-moth webs sent from FEurope in 1906. Some of these were
liberated in the spring of 1907. Later in the season it was decided that
this species was of doubtful value and they were destroyed with the
other recognized hyperparasites, In 1908, when many Monodon-
tomerus arrived from Italy in a large shipment of gipsy-moth pupae,
they were liberated, since the evidence seemed conclusive,that the
species would act #s a primary parasite of the gipsy-moth pupae.
They continued to be liberated through 1910.
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ArpanaTus UsEDp 1o REcovER MONODONTOMERTS

‘The data regarding Monodontomerus given in Table 33 under the
discussion. of ¥upteromalus are indicative of its increase and abun-
dance, as shown by records of the females which issued from collections
of hrown-fail-moth webs.

A separating cage used in connection with collections of brown-
tail-moth pupae minimized the necessary handling of the webs and
cocoons wlliich is always accompanied by & rash on the skin and
irritation of the eyes and delicate membranes of the nose and throat
of the operator.

‘The description and illustration of this cage (fig. 32) are taken from
Bulletin 91 of the Buresu of Entomology (14, p. 150-151). The case
is described. as follows: . '

In carrying on this work several styles of rearing cages were used, of which
one was devised for the apecial purpose of securing the tachinid parasites with
the minimum of exposure .
to the effects of the frrita-
ting hairsof the brown-tail
caterpillar. This worked
very satisfactorily, and
since it may possibly be
found .of service iu .con-
ducting similsr work
elsewhere, the following
description is presented:

The basis of this ~age
congisted of & hox of stiff
pesteboard 8 inches
Aguare and 12 inches high,
About 4 inches from the
top a stiff paper funnel
(o) was fitted and held in
position by the cleats (b),
which, in turn, were fas-
tened to the sides of the
box by broadheaded up-
holsterer's tdcks civen
in from the oulside,
‘These cleats served fto
support the tray (), which
just fitted into the cage.

e bottom of this tray
wt:a coverfg, in some in- . 4
atances with coarse mos- for - Fmon
quito netting, and in rfgfpt%fi;s&p?}giféﬁﬁ mfﬁu_f&?ﬁ?ﬁﬁu“m we t‘f“-‘fsx':n +
others with a wire screen  funmel; &, cleats holding paper funnel In positlon; ¢, tray; d, Wi
of }4-inch mesh. Two- strip on outside of cage; e, paper fons eonnecting paper fponel and

. v dip dly als v Ha s
holes in the side of the Sad Famey " Voer (RAICIsSuppOrting plasotuics, 5,0. (Howard

tray corresponded with '
two 1-inch holes in the side of the box, and these in turn with similar holes in a
wooded strip (d), which was {astened on the outside. When the tray was in
position, paper cones (h) and large giass tubes (p) were inserted in these holes.
The stiff paper funnel (g) had iis apex inserted into arother hole bored diagon-
ally in a similar wooden strip which was fitted in the bottom .of the cage. Inside
of this hole 2 stiff paper cone (formed like & by rolling up a.pection of & strip of
paper cut to a cireular shape) was held in position by a tack which passed through
it into the wooden strip. "The end of this cone, passing through the botiom of the
-cage, permitted a third glass fube (f) similar fo the two above mentioned, to be held
11‘11 positio.nil;. elfN o furbher support to this tube was needed than that afforded by
he cone itself. -
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In using this cage a mass of oocoong of the brown-tail moth was placed in the
tray, snd the cover was put on with the several tubes in position. Tachinid
maggots issding from the prepupal caterpillars, or pupsz contained in the cocoon
mass, in attempting to seek the earth would pass through. the bottom of the tray
and be conducted by the stiff paper funnel into the lower tube, where they were
quickly noticed and eastly reracved. Al other parasites, as well as the brown-
tail moths themselves, when they emerged, were atiracted hg. the light into the
two upper tubes, and could be similarly removed with little difficulty.

PRrcovERY AND DisrERsion

During the winter of 1908-09, Monodontomerus wes recovered
from brown-tail-moth webs in sufficient numbers to indicate that the
species was increasing and, dispersing rapidly. These records showed
a dispersal of approxireately 10 miles & year for the three yeoprs after
the species had been colonized. In the summer of 1909 it was recov-
ered from collections of gipsy-moth and brown-tail-moth pupae under
-condifions which indicated that it was acting as & primary parasite.
The brown-teil-moth web collections of 1909 and 1910 skowed "a
remarkabie dispersion, but the summer observations of 1910.did not
show it- to be.increasing as a gipsy-moth pupal parasite. The web
collsctions for the winter of 1910 and 1911 continued to show & great
dispersion, but they did not show the expected increese. The dis-
persion, however, was very remarkable, for in this short time Mono-
dontomerus had spread over practically the entire area infested by -
the brown-tail-moth. The greatest spread was about 150 miles
toward the northeast from the nearest place where the species had been
colonized, : g

YaLus ofF MoNODONTOMERDS

Little can be said in favor of the establishment of this species.
Its actions in America have been more harmful than benefici , 88 1t
is 8 rather serious hyperparasite of Compsilura and, toa lesser extent,
of §. mudicole. Fortunately it has not interfered to any great extent
‘with the increase of Apanteles lacteicolor, Meteorus versicolor, and A
melanoscelus, slthough oceasionally it is reered from theze species,

Since its heavy increase as shown by the collection in 1910—1 1,ithas
decreased in numbers in the field and is now seldom found unless an
extraordinary effort is made to find it. - B

CALOSOMA BYCOPHANTA Linuaeus )

The brilliantly colored carabid beetle Calosoma sycophanta L. (pl.8) is
the prineipal predacious enemy of the giﬁsy moth that has been intro-
duced into this country. It is now well established over practically
the entire infested sres and has been recovered from some locations
beyond the gipsy-moth dispersion line. The adults are.-conspicuous
durmg June end the early part of July, when they are-often seen on
the trees feeding on the gipsy-moth caterpillars. ~ The bestle larvae
also are &* undant frem: the ast of June to the middle of J uly, and may
be found on the tree trunks and larger brenches of rough-berked
trees feeding on large gipsy-moth caterpillars and pupae. Calosema
sycophanta 13 considered among the most beneficial of the introduced
enemiss of the gipsy moth. ' '
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ForeloN DisrnIBUTION AND ABUNDANCE

This beetle has a wide distribution and has been collected ir; France,
Germany, Switzerland, Italy, and Russia. During the last. few years
experts of the Brreau of Entomology while searching for insect:enemies
of the gipsy motil and brown-tail moth have observed it in:the follow-
ing countres: Spain, Portugal, Poland, Rumania, Bulgaria, Hungary, -
Czechoslyvakia, and Germany. In Europe it is known to ﬁm{ ex-
tensively (5) on the glﬂiasy moth and on the pine sawfly,
pineTs.” In 1911 in Italy (6) the efficiont control of the efxgsy mohh
by Calosoma syoophanta in a large forest was obseryed by W. F.
Fiske. The junior suthor observed it in 1922 in large numbers in
" the eastern part of Germany, where it was feeding on the nun moth,
Lymantria monacke L., which was very abundant at the time.- Tn
1923 R. T. Webber located & gipsy-moth infestation in Rumania,
where Calosoma was extraordinarily abundant. The following year
%ract.lmﬂy no gipsy-moth infestation was found at this place and Mr. -

ebber felt confident that Calosoma had been the chief cause of the
decrease. In 1925 S. M: Dohanian observed it very abundant in
Portugal, end P. B. Dowden found Calosoma larvee very plentl.ful
in a glpsy—moth infestation at Belki, Czechoslovakia.

Im?E HISTORY AND Ham'rs

The a(lults oi C’alosoma LYIP ?umta often Jive four cr more years.
They are’large metallic greenogeetlas measuring .about 134 inches in
length. The winter is passed as adult beetles in the ground. Daring
thefirst week of June, 'the date varying.with dlﬁerent seasons, most,
of the adult beétles emer

The beetles elimb rou -barked freesin search of their food, often
Fomg to the smaller twigs, and occasionally they are seen”on the

eaves, They grasp their prey with their sharp mand.lbles, ‘bi,aakmg
the integument and feeding upon the body contents. - -

They Toed for about seven weeks during the penod when the p_sy- :
moth caterpillars-are feeding and pupating and begin to go into-hiber-
nation seon after gipsy-moth egg.laying-is st

Feeding experiments af the gipsy-moth Jabors.tory showed an
average of 272 large gipsy-moth and fent caterpillars consumed in a
season by a pair of ‘sdult bestles. (). The older beetles .consumed
more than the younger ones. When smaller-caterpillars serve as the
food for the beetles a much larger number.are eaten, and an average of
2,000 small brown-tail ‘moth caterpillars were enten by a pair of
beetles in the feeding expériments, A pair of these beetles anc. their -
progeny will. destroy more then & 000, glpsy-moth ca.terp:]lars .and
pu’Bae in a single year. ’

he beetles feed for a few days after emergmg from mbemablon,
then copulation takes place and egg laying is begun. The eggs are
deposited in the ground, the older beetles laying & considerably
larger number of eggs than the younger ones. though one instance
is on record of a femals which 1aid 653 eges in a season, it is-probable
that under field conditions, considering ell females both young and

_old, an average of about 100 egzs per female ave Iaid.

The average time spent in the egg stage is from four to seven days,
the longer period being in Meay and the shorter one in August These

1781°%=m28——8
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data were obfained from laboratory experiments, but under natural
-conditions oviposition as-early as May or as late as August seldom
occurs. ‘Soon after emergence the small beetle larvae begin to feed
on lepidopterous ceterpillars which may be on the ground or to climb
rough-barked trees in search of their focd. The small beetle larvae
atiack not only small caterpillars but large ones and pupae &8s well,
esoecially those pupae not inclosed in a eocoon. In the case of the
gipsy moth the number of pupae destroyed is probably ss great as _
that of the osterpillars. The beetle larvae attack the caterpillary

and pupae viciously, and feed on the body fluids and contents of their
host. many instances only & small amount of the caterpillar or
pups is consumed and'many of those which are not devoured are
mjured and die as the result of attacks by this beetle or its larvae.
In feeding experiments an average of 41 sixth-instar gipsy-moth cat-

Fi16. 33.—Box showing method of packing Calosomn beeties for exportation. Enchk match box cons
“tains o singls beatle and a small quantity of sphagnym moss. {Burgess)

erpillars and an average of 13 gipsy-moth pupae were consumed
during the development of each Calosoma larva.
ing the growth of the Calosoma. larvae two molts cccur. The
molted skins are often found in the crevices of the bark and among
the remains of gipsy-moth caterpillars and pupae. ‘When the beotle
larvae bacome fv_ﬁ grown, about the time the female gipsy moths are
laying their eg§s, they enter the soil, comstruct a pupal cell, and
pupate. A Iittle less than two weeks is usuelly required for this
stage but the adult beetle remains in the pupsl chamber during the
winter. :
IuvorzaTION OF THE BEETLES

The first living beetles of Calosoma sycophante were received at the
gipsy-moth laboratory from Europs in 1805. Each succeeding vear,
up to and including 1910, specimens were collected .and 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 beetle was inclosed it each box with wet sphagnum moss
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and often a caterpillar wes included for food, although when the moss
was sufficiently moistened no food was necessary. The meatch boxes
were placed in small wooden boxes and sent by msil or express.
The shipments from Europe weré en route from 12 to 14 days.

CoLONIZATION

The first liberations 6f this beefle were made in 1306. Bach suc-
cessive year, up to and including 1922, beetles have been liberated.
No colonies have been liberate(f since 1922, excopt a few In 1926
and 1927, .

Both adults and lervee have been used for colonization. When
larvae are Liberated each colony should contain at least 206 specimens
to insure the successful establishment of the species. If adult beetles
are liberated, smaller colonies serve as well. In liberating colonies,
eress have been chosen where thers was a plentiful supply of gipsy-
moth larvae and, when possible, places not Ekely to be disturbed by
artificiel control work. .

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

In addition to the colonizatior in New Englend, Calosoma syco-
phante hes been colonized in sevesral other places in the United

tates and also in Canade. These colonizations are recorded in
Teble 22,

“FapLe 21.—Liberations of Colesoma sycopheria in New England from 1908 io
1927, inclusive

Muomber of eolonies ]| Number of ind!l-
iberated viduals libsrated

Aduits | Adults | Lervas

h

™ 15otlks - Hog 15,0603 18,122
Maine 0, 730 2%

New Hsmpshite. a2 7,350
Rhode Island . 24 2,22
Conneticul.__ ) ] 510

Tatal.... 3 " 55,830

Totel liboratlons of individuais in New Encland, 55,720,

TapLE 22— Liberalions of Calosoma sycophania outside of the New FEngland States

Numhbaer Numbex
Years Loeality of indl- Locality of jndle
vidunls . vidugis

112 to 1018 Conada ! Florlds. . pii]
1313 and 1918 . ol Delaware :
Hrid Washi ;

. .| Aisbam
New York ___._...... 50 21 178
-t District of Columbls. . S—
Arkansas 10, B21

t Most of the Calosoms which have besn sent to Canada were obtalined by oxpérts from the sia®f of the
Domizlen entomologist, who made thelr headquarters while sbtalriog this material st the gipsy-moth
lsboratory at Melrose Highlands, Mass,
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The 10,821 individuals recorded in Table 22, together with the
55,760 whith have been liberated in New England, make a total of

66,681 liberated. The record of the total colonization is given in
Table 23. '

Tasre 23.—Total number of living Calosome sycophanta imporled and number of
eeiles and larvae colonazed '

Number colsn- . Number celon-
| Num- | ‘izad from, rear- ized from rear-
bar cols | inps and feld || [ngs.and field
anlzed coliectiona . collections
from
jmper-

-tations Adults tatians

it
678
430

2,711

Grend total of individuals Hberated, 68,581,

It will be seen from the data in Tabie 23 that 2,711 beetles which
came from Hurope have been liberated, and that a few hundred beetles.
and several thousgnd larvae were reared at the laboratory and cclon-
1zed during the early work with this species through 1910. Since that

Fi. $4.—Jars lor rearing Calosoma beetles. &, Lnrgadm’ with woades top and ladder; b, small jar’
with wonden tofk ¢, showing ennstroetion of top and laddar; d, jar with chegsacleth top held in
podition with ribber band, (Burgess) - :

iaar no foreign stock has been received, and most of the liberations
ave been made from stock collected in eastern Massachusetta.
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Arpararos Usep 1x Lire-Histony anp Rerropuctron, Work

Glass cylindrical jars 83 inches high by 6 inches in diameter
fig. 34) have been found very successful for rearing Calosoma. Each
{)ar should contain about 3 inches of soil, which must be kept damp

ut not wet. The jars are covered with wooden covers grooved to
fit the rim of the glass. A cireular hole in each top coversed with wire
netting provides ventilation. A piece of wire mosguito 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 aggs. The beetle
larvae when confined in rearing jars attack eme sanother, so it is
necessery to expmine the earth in the jars daily and remove the grubs
soon after they have emerged from the eggs. In order that they may
not come in contact with one siiother they are placed in separate
containers, such as jelly glasses half filled with earth, or large breeding
chambers with a supply of caterpilars for food. Cy 'Mgrical wire-
cloth cages 4 by 10 inches, with wooden tops and bottoms, are also
used to some extent for recring Calosoma. The top should be made to
fit tightly. Such cages are set 8 inches in the soil. When the larvae
become full grown they can go into the soil and there trausform
to adults. In such cages the larvae can develop without extra
hendling until the following spring. .

Lerge wooden boxes with wire bottoms and hinged covers provided
with wire netting are used for hibemnating quarters for the beetles.
(Fig. 35.) They are set about 20 inches into the ground and filled with
soil to the same level as on the outside. Cylindriesl cages (fig. 16, J)
made of 24-inch mesh galvanized-iron wire also have been used with
good success as hibernating cages for the beetles. These may also
be used ior resring beetle larvae if they are lined with fine-wire
screen.

MeTHoDs oF OBTAINING Dara FrOM THE FiELp REqaBpING CALOSOMA

The beetles are conspicuous and easily observed in the field. The
larvae also are found quite readily in masses of caterpillars and pupae
on the tree trunks. As the beetie larvae molt twice, evidence of their
previous presence is often afforded by their molted skins on the tree
trunks. Kven if the larvae and beeties have gone into the ground for
pupetion and hibernation, evidence that they have been present is
found in the dead caterpillars and pupse, many of which remsin on
the trees for several weeks after the beetles and their larvae have left.
Caterpillars and especielly pupae (fig. 36) whick have been attacked
by Calosoma are tora in a manner characteristic of the redator, and
the cause of their death can frequently be determinec{] by a careful
examination of the remains,

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

1o 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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Fic. 35.—Box ¢ages used for rearing Calosoma larvae late in the summer, A, coarse-mesh séréen top used after the larvae have gone into the
. ground’ to-transform and hibernate; 8, cover with fine-mesh screen used in suminer
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of dead gipsy-moth caterpillars and pupae were collected at designated
places and examined at the Jaboratory. The quantity of such mate-
rial killed by Calosoma is considerable. During later years specific
trees in various locations have been examined each year and coliec-
tions made of the remains of the gipsy-moth pupae. The examination
of such material shows the abundance of this predator. Often from
10 to 40 per cent of the gipsy-moth pupae are destroyed, end much
higher percentages of destruction are sometimes obtained. These
records also show that many more female gipsy-moth pupae than
male pupas are destroyed. guch examinations (i) not show the full
destruciion of the gipsy moth caterpillars and pupas by Calosoma 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 indicafing that the percentage of caterpillars destroyed by
the beetles is as high as the percentage of pupae destroyed by Ca{osoma
lar;r;laia.el,l and some records have shown it to be two and one-half times
as high,

RECOVEEY AND DIsPERSINN

Larvae of Calosoma sycophants were found in this country d
the summer of 1907, proving positively that this beetle, which had
been liberated the previous summer, had successfully passed the
winter and begun reproduction. Each succeeding year this species
has been recovered and, aided by the establishment of new colonies,
it is now present over practically the entire gipsy-moth-infested area.
Tte present known dispersion is shown on the map in Figure 3= It.will
be observed that it has been recovered well beyond the gipsy-moth
gispersion line and was found at the gipsy-moth infestafion in New
ersey. :
4 VALvE oF CaLoBOMA SYCOPHANTA

It is difficult to place a definite value. on any of the introduced
enemies of the gipsy moth and the brown-tail moth.  However, exten-
sive data accumulsted of the o sy-moth laboratory show that this
beetle is ¢ne of the most desirabi enemies of the gipsy moth that have
been introduced and established R

In addition to its destruction of the gipsy moth and brown-tail
moth, it is an enemy of several native insexts, and the beetles readily
aftack the caterpillars of the recently introduced satin moth. . Since
the seasonal history of this Calosoms corresponds closely to that of
the gipsy moth, it 1s perticularly adapted to feed on this tasect, The
fact that the beetles live for several years adds to their value as
destroyers of injurious insects, .

r

5

-POSITIVELY_ ESTABLISHED
' LARVAL PARASITES

FOREIGN ENEMIES OF THE GIPSY MOTH NOT

APANTELES PORTHETRIAE Muoesebeck

The braconid Apanieles porthetrize Muesebeck has been confused
with A, vitripennis Haliday, A. laieralis Haliday, A. solitarius Ratze-
burg, end 4. melanoscelus Ratzeburg.  According to Muesebeck (21)
% is very similar to A. vitripennis and closely resembles A. liparidis

ouché,

This braconid has several generations annua.ﬁlf'. Its first-genera-
tion larvae emergs from small gipsy-moth caterpillars, often profusely,
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but, in contrast to A. melanoscelus, the second g:aneration does not
develop abundantly in the gipsy moth. It has been colonized in
large numbers, but its establishment has not yet been determined.

ForE1cy IMSTRIBUTION AND ABUNDANCE

Apanieles-porthetrice has & wide Europeen distribution. 1t has been
found each year since 1922 in slmost every gipsy-moth mfestation
which hes been observed in Portugal, Spain, France, Poland, Germany,
Czechoslovakie, Hungary, Italy, Yugoslavis, and Bulgarig, and in
Moroceo and Algeris in northern Africa. In most of these countries
this paresite has been found generally scattered throughout the
gipsy-moth infestations since 1922. In a considerable number of
plaggs it hes been & very important factor in the control of the gipsy
moth. .

It was found in greatest abundance during the spring of 1924 in &
small village near Bochnia, Poland. Here R. T. Webber, in com-
pany with Stefan Kéler, a Polish entomologist, found a very severe
gipsy-moth infestation on the few fruit and shade trees of the village.

Tt
o

Y

o

Fio.37.—A small branch of willow collested near Bochanio, Polend, in 1024, showing many
cocuotz of Apauteles portheirige. ‘They are scuttered singly over the braneh. On the right beif
of the branck are Lwo clusters of the white cocoons of A. Hperidis, X3

The trees were small, hardly more then 20 feet high, and many of
them bore 100 ¢r more gipsy-moth egg clusters. Through the kind-
ness of Antoni Czarmecki, the overforester in whose district the
infestation was located, arrangements were made for the use of &
room in his dwellipg in whichk to carry on the rearing work for the
summer, Marjan Numberg, s graduate student of forestry, was
employed to make and cere for the caterpillar collections.

When the time came to begin collections of gipsy-moth caterpillars
to resr tachinid perssites for shipment to the United States, Mr.
Numberg found the infestation greatly reduced by Apanteles porthe-
trize. A week or two later the junior suthor visited this laboratory
expecting to find o lerge number of tachinid puparia to add to others
from Hungery end Buigarie for shipment to the United States.
Only a few tachinids had been recovered and the rearing trays con-
tpined only a few thousand caterpillers. An inspection at the infes-
tation quickly explained the reason for the small number of gipsy-
moth eaterpillars 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 smail
branch typical of conditions there is shown in Figure 37. In the field
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the branch bore many more cocoons than are shown in the picture,
for during the packing and handling of this specimien many cocoons
were dislodged. The adults were already beginning to issue, so it
was too late to attempt to introduce the species mto the United
States that season, '

The subseguent rearing work did not produce many tachinids and
most of the caterpillars which escaped the attack of the Apsanteles
died later in tho season from s disease, apparently “wilt.” The
infestation was so depleted that in the following year there were
not sufficient gipsy-moth caterpillars in the village to warrant the
Jénaldng of collections to obtain paresites for shipment to the United

tates,

During the same year this Apanteles was very apundant iv gipsy-
meth infestations in Debrecen, Hungary: Vetren, Bulgaria; and Beli
Maenastir, Yugoslavia. In the first and last of these places it rendered
useless for collecting purposessome of the gipsy-moth infestations which
hiad been located earlier in the season.

Reports such as the following were received from the buresu men
in Europe in 1925: From S. M. Dohanian, Evora, Portugal, “Co-
coons very plentiful, disper infestation docreasing.” From P. B.
Dowden, Beregsns, Czechoslovakia, “A heavy gipsy-moth infestation
In 1923, now gohe; very many old cocoons present, the most I have
seen except at Bochnia, Poland; soms trees with meny hundreds of
cocoons.”  From Belki, Czechoslovakia, “TPrees not defoligted in
areas where Apanteles was sbundant, defoliated sll around this
area.”” From R. T. Webber, Baja, Hungary, “Great many cater-

illars parasitized by Apanteles here but not so many as at Bochnis,

oland, last year.” At Portalegre, Portugal, this species was very
common and on many trees its cocoons were as abundant as shown
in Figure 38, which 1s a piece of cork osk found there by 8. M.
Dohanian.

Such conditions as thoso cited above are not truc for all of the
srea. They represent rather local sections. In many places during
these years gipsy-moth infestetions heve been observed where Lhis
parssite was recovered only incidentelly. The foregoing date are
sufficient, however, io show that Apanteles porthetriae is, under
favorable conditions, an important enemy of the gipsy moth.

Lirr History axp Hapirs

This braconid probably passes the winter as s small larva within
lepidopterous caterpillars. ~ In the field the sdults attack the firsi-
instar and second-instar gipsy-moth caterpillazs. The grea.t majority

of the perasite larvee issue from the second and third instar cater-
pillars under field conditions. Usuelly only one larva develops within
a single host. In laboratory work the period from the laying of the
egg to the issuance of the parssité from its host was from 11 to 20
days, the average being 14 or 15 days. The larva spins a delicate
white cocoon, lightly attached to the caterpillar, which may live
several days but does not feed after the issusnce of the parasite,
The cocoons are found on the tree trunks end on the underside of
the branches where the parasitized caterpiliars usually rest just
previous to the issusnce of the paresite. The adult issues in from
five to nine days after completion of the cocoon, and the males are
usually the first to appear,
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By the time the adults of this generation have developed in the
field, most of the gipsy-moth caterpillars have reached the third and
fourth instars, and are seldom attacked by this brood. There is
sufficient time for this generation to parasitize another species before
ettacking the host in which it passes the winter.

INTRODUCTION AND COLONIZATION

Tt is surprising that this parasite was not encountered as an enemy
of the gipsy moth during the importation work from 1905 to 1911,
for in the recent investigations of the Buresu of Entomology it has
been the predominating braconid enemy of this insect. An excep-
tion to this condition was found in 1922 by the junior author in

Fic. 38.—A piece of cork oak collected st Porislegre, Portugal, in 1923, showlng the eocoons of
- Apautetes portheirine, ) .

Sicily, where Apanteles melanoscelus was the predominating species,
There is & strong suspicion that during the early work there was a
misidentification of the braconid parasites which were obtained as
enemies of the pipsy moth. It seems likely that a part of the 23,000
Apanteles liberated in 1911 es A. solitarius, and later (8) credited to
the colonization of the spring generation of A. melanoscelus, were in
reality partly A. melanoscelus and partly A. porthelriae, As there is
no way of determining the number of the two species actually liber-
ated, no change will be made’in the number credited as A. melanos-
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 of A. melanescelus, ‘
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There were no meore liberations of A. porthetrice until 1924, In
1822 W. R. Thompsoen; of the Bureau of Entomology, sent a few
collections of the early instars of the gipsy-moth caterpillars 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, § females were resred and fertilized. Thess were used in a
reprociuction-. experiment and in two penerations 2,440 cocoons Te-
sulted, ‘Of these one colony of 1,400 was placed st Hampton, N. H..,
and 1,000 st Rochester, Mass. The remaining 40 wore used in repro-
duction experiments snd later liberated st Melrose Highlands.

This parasite proved to be & very difficult one to trapsport sstis-
fectorily to this country. Several small lots of cocoons have been
gathered in Europe and sent to the leboratory at Melrose by mail
or express, but in practically every case the adults emerged and died
on the way. Similar collections of cocoons have been sent which
were kept 1n the steamer’s cold storage while in transit, but in such
cases only & few adults were recaived alive, and these were usually
wezls and did, not mate readily. Many collections .of smeall parasi-
tized gipsy-moth caterpillars have been shipped to the laboratory,
but in most cases the parasites and their hosts died before arrival.

This species was observed in great abundance in several Europesn
countries in 1924, and if seemed that every possible sttempt should
be mads to establish it here. Aeccordingly, in the spring of 1925 T,
H. Jones of the laboratory went to Europe and met the bureau men
who had gone esrlier in the year and had located three oreas where
this parasite could be obtained in large numbers, one st Relki, Czecho-
glovakia, one at Baja, Hungary, and one at, Debrecen, Hungary.
As soon as the first cocoons of A. porthetrige began to eppear, large
numbers of first and second instar gipsy-moth caterpillars were col-
lected and placed in pasteboard boxes. The covers of these boxes
~were sealed to prevent the escape of the caterpillars; but en opening
waos arranged through which the folisge for the caterpillars’ food
could be inserted. After the collections were completed the boxes
containing the gipsy-moth caterpillars and Apanteles ecocoons were
assembled and Mr. Jones started with them for the United States.
When he boarded the steamer at Bremerhaven, circular holes were
cut in the ends of fhe collecting boxes and into these glass tubes wers
inserted. As the adult Apanteles emerged from the cocoons which
had been placed in the boxes, and from those which were formed

in the boxes by the parasite larvae that issued from the caterpillars, .

they entered the glass tubes. From thess they were removed and
laced in wooden boxes which had been prepared for them. In these
ones the adults were fed with & mixture of 1 part of honey and 2 parts
of water during the remainder of the trip. The boxes were made so as
to fit into a large traveling case. (Fig. 39.) The outside measure-
ments of the boxes were 9 inches Jong by 414 inches wide by 3 inches
deep. A glass cover fitted tightly into & groovein the top. Inone end
of each box was a hole 2 Inches in diameter through which the para-
sites, and later the food, were inserted. ] ‘
On Mey 28, Mr. Jones arrived with sbout 2,400 living adult Apante-
les in good condition. A part (1,500) of these were liberated imamedi-
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ately in & 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 adul$s were used in a reproduction experi-
ment to start o generation at the laboratory and were then liberated
ot the colony site in Barnstable. Thus 2,400 foreign adults in sll
were liberated at that colony. During the summer, from the start
meade with 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 S
in the liberation of ' R
9,665 foreizn adults.
A few adults from
Hungarywereused in
areproduction experi-
ment and 6,700 pare-
sitized caterpillars
were liberated. Obly
freshly formed co-
coonswere sent to the
United States during
this sexson and these
came in wooden
boxes, each one mesas-
uring 3 inches deep, 5
inches wide, and 6
inches long. In one
end of each box a 1-
inch circular opening
covered with very

" A iz, 3¢.—Large traveliog bag containing 20 baxes with glass fops used
ﬁne wire screening intransporting aduits of Apanieles poriasirine [tom Europe to Melroso

. ) : Highlands, Moas., in 1925
permitted circulation R :

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
place with 3 or 4 mm. wire screening. Many adults issued en route and
8 sugar solution was supplied for food. This was placed in a nickled
brasstube 10cm.long and 2 ¢m. in diameter. A pieceof lamp wick long
enough to allow both ends to project was run through esch 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
method to ship A. porthetriae to the United States 1t was not peces-
sary to retard the development of the parasites by placing them in
cold storage during transportstion, 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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TanLe 24.—Total iberation of Apanteles porthetriae in New England.

1

Yeur |  Liberatedfn— - Bred

i | Muiber |
1024 ... Melrose, Masg.. i
“| Rochestor, Mags_. - : 1,000
Hamipton, N. H ; s
Total... : :

| Darnstable, Mass_._.___
Brewstar, Mass_ .

o/ Dennts, FMass
Madison, N, 1T
Eangwich, Mass__.
Baugus, Mass
Total _
Wer________ | Boxford, Mass
. A Mpss,

Wmtwoo’i!, Moss . .
“Tatel... i : 9,068

Grend total Hherateq, 34,17,

In addition to the Apanteles which have been liberated as shown = - |
in Table 24 there probably were a few thousand colonized in 1911 as =
A. melanoscelus and A. solitarius. . Lo

About 230 cocoonsof A, foﬂhetrm were received at the gipsy-moth
laboratory from Spain and Portugal in 1925, but no living adults .
were obtained from this material. . . . . e

Mzeraops Uszo 1v. Reragbuomion Work

This parasite is not .a difficult one to breed under Iaboratory com- = -
ditions. The adults are kept lin glass. tubes, where they are fed a _
mixture of 1 part of honey andi2 parts of water, The food is usually -
placed in the tube on a small pisce of sponge which should rest on
& small can or a piece of paraffin paper so as not to foul the tubs. The
sponges should be cleansed thoroughly each day and a fresh mixture
of honey and water used. _ ' F
Parasite-free gipsy-moth caterpillars are obtained by rearing large -

numbers of them from their eggs, A quantity of gipsy-thoth eggs s °

. held in cold storage to prevent hatching until the caterpillars are

... needed. These caterpillars are exposed to the female Apanteles soon
after the first molt. They are introduced on s small camel’s-hair
brush into a glass tube 8 by 2 inches, which contains from 15 tG 20
fertilized female Apanteles. The closed end of the tube is kept toward
the light, which prevents the Apanteles from escaping. As soon as
a8 caterpillar is attacked once it is withdrawn and placed in a tray.
From 100 to 150 of these parasitized caterpillars are confined in par-

- affin-paper trays which fit inside of wooden frames, i4 inches sqiiare.
(Fig. 25.) A strip of sticky tree-banding matenal to prevent the
caterpillars from escaping is placed on the inner sides of the peper
tray near the top. The small caterpillars are fed each day with fresh
foliage which is lightly sprinkled with water before being placed in -
the trays, to keep it fresh for a longer }’)lgriod. In the bottom of each
tray is placed a piecé of clean paper, This is removed each day and
aids in keeping the tray clean. :
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About two weeks after the caterpillars have been attacked the

Apanteles Iarvs.e_ begin to i
¢ first to emerge are always males. These

e~ e S e P
P N

are divided equally and placed in several glass-covered boxes, such .'

as are ghown in Figure 16K, and Figure 39. Here they are kept and
fed until the females emerge. Freshly emergzd females of Apantales.
mate more readily with meales which are s y or two older. Afier
the feniales emerge they are put into the boxes which contain the
older males, for fertilization. As soon as sufficient adults for a colony
are obtained and mated, they are liberated and not held until & Jarge
supply is on hand. . . ' ' o

Recoverr anp Vanue or APANTELES ronﬁn:rmm

This species has ot been recovered in N ew Englend except during
the summer of its '
liberation, and then
only from the vicini
of the colony site. it
wis not recovered
during the summer ;
work of-.1928, the |
Year following what
wag considered satis-
factory colonization.
It is not unusual to
fail to recover an in-
troduced parasite for-
8 year or two after its
liberation, and there
is stiil a chance tha
this species is estab--
lished. Tthasa vari-
oty of hosts but ap-
parently requires au
overwintering host,
Possibly this parasite
gidll)etrigi t?n;mlﬁf;lz 0. 40— Aponides Iiparidis aduls, X 12.. (Howard and Fiske)
here. The brown-tail moth or the satin moth may serye:this purpose.
APANTELES LIPARIDIS Booebs -

The braconid parasite of the gipsy-moth caterpillars which was so -
often referred to during the carly work'at the laboratory as Glypta-
panteles, and later in literature 8s A, " ultipes Hal.,is not that species
according toC. F. W', Muesebeck, butis A. biparidis Bouché. (Fig. 40.)
Mr. Muesebéck reports heving seen Bouché’s type of A. liparidis
in the museum of the Landwirtschaftticl’s Hochschule in Berlin and
says:“* * * Yiiscertainly the same speties that we called fulvipes.
The true fulvipes while structurally very close is nevertheless readily
?epmted, and it apparently is restricted to smooth-bodied “host
larvae,” .
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. A. liparidis bas several generations each year, two of which are on
gipsy-moth caterpillars. In addition to being one of the most import-
ant gipsy-moth parasites in Europe and Japan, it is recorded as &
brown-tail-moth parasite. It has been liberated in this country in
large numbers and under as favorable conditions as can be expected.
1t has not been recovered, except during the season of liberation, and
its establishment seems very doubtful.

- Forzroy DISTRISUTION AND ABUNDANCE

This spécies is widely distributed in Japan and in Europe, and
has often been considered one of the most efficient enemies of the
gipsy moth in foreign countries. In the earlier work with this spectes,
when séveral attemapts were made to establish it here, specimens
were received from several locations in France, Germany, Kiev,

Russia, and Japen, and it was observed also in Austria. Since foreign-

work started again in 1922 this Apanteles has been reported by the
buresu experts at Yokohama, Nishigahara, and Tokyo, Jepan;
" Debrecen, Pomaz, Telzogallo, Baja, Galgamacss, and Budapest,

Hungary; Hyeres, France; Madrid and Valencia, Spain; Mugglessee
and Zittau, Germany; Belgrade and Beli Manastir, Yugoslavia;
Bochnia and Drewnica, Poland; Bere%as, Munkecers, Uzhorod, an
Kosice, Czechoslovakia; and Vetren, Bulgaria.

During the period from 1922 to 1927, in many European countries, -

A. ligarudis was observed in the field and reared in the trays from
gipsy-moth caterpillars, but not in so great abundsnce as in Japan
during 1922 and 1923. :

J. N. Summers reported in 1922 that the parasitism of the gipsy
moth by the second generation of this parasite was bigh, amfl one
collection showed 60 per cent of parasitism at Yokohame. H. A.
Leomis, an American living in Yokohama, Japan, observed that
there the gipsy moth was helg in check by natural enemies, and several

attempts were made by him and others to introduce this species.

In 1908 T, Kinceid was sent to Japsan to investigate the natural
control of the gipsy moth. His reports in regard to A. liparidis were
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 greal aburdance. Professor
Kincaid reported from Kiev, Russia, in 1909 inregard to a heavy
gipsy-moth infestation which had occurred in 1908 (14, p. 124).

Only a few isolated colonies seera to have survived, the most important of
these being &t Mishighsari, & sroall place on the river about two hours by steamer

from Kief. In this place, which is perhaps 100 acres in extent, the trees are
plestered with coccons of Apenieles fultipes. The aitack of the parasite was

so thorough that the first generation seems to have been sufficient to wipe out -

the caterpiilars, 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
Prefessor Kineald 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 fulidpes were at least as abundant as the egg
masses of their host. At Mishighari the conditions remained much as deseribe
by Prof. Kineaid, except that the cocoon masses of Apanteies wére even more
abundant than his letters would indicate. Upon some trees they were literally
matted together by the thousands in such semiprotected situntions as are selected
by the caterpillars at the time of molting.
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Such conditions are not universal and other forests we-: found
where the parasite was scarce or not observed at all. This is sufficient
to indicate both the abundance and scarcity of thie 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 abundantly
during the summer of 1926 at Drewnice, Poland, where 20, 35,
42, 50, and 100 clusters of cocoons were seen on trees where there had
becn a serious gipsy-moth infestation during the summer, These
counts were made on trees which were typicel of conditions there.
This is_the first record during the recent European investigations
of the finding of this Apanteles in abundance.

Live Hisrory anp Hasits

When this parasite has been imported during the rush of the season’s
work, the chief concern has been its reproduction and colonization.
As far as is known it has never lived through a winter here and no
specimens have been available for studying it except during the
seasons of its introduction,

The gipsy moth alone will not sustain this parasite, for it requires
another insect in which to hibernate. During the week of March
4 to 11, 1922, while J. N. Summers was investigating the gipsy-moth
situation in Japan, he found Apanteles larvae issuing from caterpillars
of Dendrolimus spectabilis Butl. 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. pint L.; and in Spain the junior author was told that at
times there arc bad outbreaks of D. pini there, and that A. Liperidis
1s an important parasite of this insect. While visiting a pine forest
near Valencia, Spein, in March, 1924, nearly all stages of caterpillars
and even an occssional pupa of D. pini were found, showing the
variety of stages which Apanteles may choose as suitable ones in
which ¢ pass the winter. Undoubt,ed{y this species is & favorable
hibernating host for A. liparidis in Europe. It is possible that this
Apanteles may hibernate in other hosts, but urless 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 similsr
to that of A. lacteicolor and A. melanoscelus, the act of oviposition
being a guick 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 larger ones. From 15 to 20 larvae develop from a single
oviposition in a medium-sized gipsy-moth caterpiilar. Caterpillars
are often attacked more than once, so from 80 to 100 parasites
are sometimes obtained from large-size caterpillars. In one case
Mr. Muesebeck, who conducted the experiments, allowed a large
fith-instar gipsy-moth caterpillar to be oviposited in by several
fernales, and 16 days later 192 vocoons of Apanteles were recovered.
They appeared to be of mediurn size and entirely normal. The time
elapsing from the laying of the eggs to the issusnce 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 & number of the cocoons are clustered together, as is ususlly
the case, they are quite conspicuous. 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 notissuefrom
the cocoons for 24 or 25 days. Inthe
summer generations the period from
the time the larvae issue to the emer-

ence of the adults is from 5 to 10

ays, 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 bafore they at-
tack their hibernating host.

INTEODTCTION AND LiBERATION

This parasite was one of the first
to attract attention as an epemy of
the gipsy moth in BEurope and in
Japan. It was also among the first
to be received at the gipsy-moth
laboratory in 1905, although sall of
the specimens were dead. Consider-
able difficulty was experienced in
transporting it alive to this country,
and many unsuccessful attempts
ge.re mq,d?[ _up&;il 11 908, when the ﬁr(s:'lt.

. 41 ving individuals were received.
F's[;?-?rllBthcmmﬂ?grd?r’:n’g:a%gﬁr?hz B F{ig The;g arrived in packages containing

maggols issued, X L6, (Howardand Fisk®) 1y ndreds of thousands 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 Russia, 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-
ment was somewhat retarded. A few thousand Apanteles cocoons of
the first generation were received 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 summer many
cocoons were received and the parasites were liberated when there was
still sufficient fime to allow for a generation on the native caterpillars.
Approximately 10,000 adults were liberated during the summer.

Next year rather large numbenrs of adults were liberated from cocoons
received from Jepan and Germany early enmough in the season for
one generation to develop on the gipsy moth. The actual numbers
colonized that yeer are not known. One thousand six hundred and
seventy-nine adults were liberated, but in addition to this there were
two uncounted lots of seversl boxes, each containing e lerge number
of coconzlns which were sent to the field and the adults liberated as they
emorged.

In 1912 some 19,000 adults were liberated from large collections of

cocoons, most of which came from Germany. During the years from .

1908 to 1912 & total of 76,702 of A. liparidis were colonized. Positive
evidenci was obtained that this species passed through two generations
in the field in 1908, 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 mado to colonize this braconid until 1922,
when the foreign work wes started again. During that 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 colonies consisting of
1,000 eocoons each were liberated, one in Massachusetts and the other
at Bridgewsater, 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 in Massachusetts. The remaining cocoons,
numbering 1,300, were retained at the laboratory for use in continuing

the reproguct.ion work. From them only 13 females were obtained,-

indicating that the two colonies libersted were not of much value.

Howover, the reproduction work was continued and as a result of it -

8,870 more Apanteles were colonized in Massachiisetts and Connecti-
cuf, :

The method used in the reproduction work was the same as dos-
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 2 few important details are
observed. Inhandling these species the tubesinwhich they are confined
must be kept clean; %.‘he tubes are kept on their sides and the insects
ere 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 blotting paper are placed in the
tubes on paraffin paper or in flat tin cans, Kach day when the fresh
focd. 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 containing the Apan-
teles should be kept in cool derk places when the parasites are not
being used in reproduction work. A crumpled piece of crépe paper
in the tubes serves well for a resting place for the parasites.
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In 1923 a further attempt to introduce this Apanteles was made.
Two 10-gallon ice-cream tubs, each with o 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 congt to the gipsy-moth laberatory at Melrose Highlands,
Mass. The collecting boxes were stocked with gipsy-moth cater-
pillars in Japan and pleced inside the wooden boxes, to be put in the
refrigerators upon artival at Seattle. As soon as larvae of A. liparidis
began to issue from the 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

Fla. 42.—Component parts of relrigerator and shipping box used in transporting gipsy-math larvae
[rom Jopan in 1923, (Summers)

boxes containine the collection boxes of caterpillars were shipped in
the steamer’s cobld—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 gipsy-moth lervae were
still alive. Most of the Apanteles larvae had issued from their
host, en route, and spun their cocoons, but the adult parasites had
not tiimerged, and 255 eocoons were obtained from which 70 adults
issued.

A refrigerating metal hand bag, shown in Figure 43, was made to
carry small collections of parasites when their development needed
to be retarded during transit. The case is of convenient size and be-
eause of its shape 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 914 by 16 inches and the perpendicular meas-
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urements from the corners of the base to the top are 714 inches.
The two ends are extended in a point at their tops. The perpendic-
uler measurement from the point.of each end to the base 1s 1014
inches. The cover is composed of two parts, hinged at the sides of
the bag, which meet at the top when the bag 1s closed. The bottom ,
ends, and sides of the bag are lined with felt cloth one-half inch
thick, inside of which is a light metal frame. Within this frame are
placed three tight-fitting zinc cases. The two end ones measure
634 inches in depth, 734 inches in length, and 314 inches in width.
The third case, which is placed between them, is 614 inches deep, 734
inches wide, and 814 inches long. At the top of each case aroun
the inside is soldered a metel strip making a groove into 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 made in the grooves at the top of the end cases,
allowing water which splashes fo the tops of these cases to run back

Fio. 43.—Metal. refrigerstor hand bag used in transportiog parasites
of the gipsy moth, It eontnins three separate metal compartments,
’I;ha twn qg]l.ar ongs are for fee and the one iz the center lor para-
site materi

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 cass ranges from 36 to 40° F.,
which will retard insect development.

During the 1923 season 2,486 A. liparidis coeoons, obtained from
gipsy-moth caterpillars in rearing trays in Hungary, were received.
These were packed in smell wooden boxes and kep$ 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 from 12 to 15 days on the way, From these 2,486 cocoons 154
adults emerged.

The 70 edults from Japan, together with the 154 from Hungary,
were used mn reproduction experimenis at the laboratory. As a
result 26,600 Apanteles were reared. These were placed in several
colenies in New Hampshire and Massachusetts as shown in Table 25.
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Tasie 25.—Colonization of Apanteles liparidis in New England

Bmd stock

Cocoons .
and Adults
adults -

do_
Bridgewster, N. J.
--t Bourng; Mass

Griswold, Cona
t [unenburg, Mass
-5 Marlon, Mass
Plymouth, Mass.
wvvwe] Stonington, Conn

--| Forboro, Mass.
Huanover, Mass
Melrese, Mosa_ .
8 - Masy,
Yaroouth, Msss....
Fal th, M

, Mass.
Ashhurnharn, Mass .
Hochester, Masy_ _

- [
i Tempie, N. H._
! erer:}\'. H

SE e

3lgesesl yaus 1l

B

Grand total 114,072,

During the period from 1908 to 1912 A. liparidis was very abun-
dant in several Europesn countries and couﬁa be imported i such
lergs numbers as to make possible the liberation of foreign adulfs'in
New England. Such conditions have not prevailed in these countries
during the period from 1922.to 1927, excepting in a location in Poland
discovered late in the summer of 1926." %’ith the possible exception
of this place and Japan this parasite has been scarce and not at all
an important factor in the control of the gipsy moth. This made it
Decessary to incresse, by reproduction work at the-laboratory; all
of the material that was liberated in 1922 and 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 considered thet from them the species would
become esteblished if establishment is possible. ' :

RrecoverY AND DIspERBION

As has previously been stated, this (fa.rasite hias never been recovered

from the field in this country exeept during the season of its liberation.
When colonized under satisfactory conditicns it reproduces and in-
creases rapidly. In1909,when the parasite was liberated in & territo
where first-instar caterpillars were present, the parasite passed throug|
two complete generations on the gipsy moth, and again in 1910 it
succeedeé) in passing one generstion in the field. .

An interesting record of the dispersion of thig parasite was obtained
in 1909 when {I4, p. 196) “a bons fide example of the parasite” was
recovered “upwards of a-mile away” from the point of liberation in
Jess than one week from the time of colonization. The adults of this
Apanteles are rather delicate and not longlived, and a record of this
kind indicates the rapidity of dispersal of even these smsll insects.
The fact that this species has several generations annuslly would -
increase its dispersal each year very considerably.
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VALTE OF "APANTELES 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 st 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 shonld it get an opportunity to do so. Many precautions
are teken 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
establishinent 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
& swtable hibernating host so that it could be introduced and
established.

METEORUS JAPONICUS Ashmead

The gipsy-moth parasite Mefeorus 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 specBEnens were received
from 8. I. Kuwana, who reported that it had been a common gipsy-
moth parasite at Nagaoka in 1968 “but not in Tokyo” (14, p. 191).
"This is another illustration of the prominence of & certain pearasite in
one section and its relative absence in another.

In 1923 a few cocoons were obtained from Japanese gipsy-moth
caterpillars. From several females which were received there wers
reared five unfertilized ones which were used in a reproduction ex-
periment. They bred, parthenogenetically, a generstion of 400
females, and these were liberated. The species has not been recovered.

METEORUS PULCHRICORNIS Weamael

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-inoth eaterpillars huve 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 instars 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 sinall reproduction experi-
ment, resulting 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 SEP.

There are two distinct species of Hyposoter in addition to Hyposoter
disparis, which are occasionally reared from gipsy-moth caferpillars
in Europe. In contrast to H. disparis, which has & single generation
and hibernates in its cocoon, the adults of these species issued from
their cocoons during the same season that they were formed. 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 indueing
them to mate and oviposit, and it seemed that they might hibernate,
They wers 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 and
in Yugoslavia. '

CAMPOPLEX SP.

A species of Campoplex was reared in 1922 in very limited numbers
from a few small gl;fsy-mc-th caterpillars sent to the laboratory from
Hyeres, France, and 25 cocoons were obtained in 1925 {rom the rear-
ing work carried on in Czechoslovakia.

PHOROCERA AGILIS Bobinean-Desvoidy

A tachinid perasite of the gipsy moth, Phorocera agilis Robineau-
Desvoidy (Parasetigena segregata of authors, not Rondani), was received
and colonized to some extent between 1908 and 1910. During that
period it was not considered of particular value as & gipsy-moth par-
asite, but rather as a parasite of the nun moth, Lymentric monacha
L. In the recent European perasite work, this species has been in
most cases the predominating tachinid parasite of the gipsy moth,
and has been received at the gipsy-moth }}aboratory at Melrose High-
lsnds in large numbers. The winter is passed in the pupal stage within
the puparium in the earth. This species has several hosts and & single
generation each year.

ForergN INMSTRIBUTION AND ABUNDANCE

In the early work P. agilis was received at Melrose Highlands from

France, Belgium, Russis, and many parts of Germany. During the .. -

foreign work of the last six summers it has been received at the lab-
oratory from Hungary, Czechoslovakia, Yugoslavia, Poland, Bul-
garia, and Spain. It is interesting to 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
%rincipal cause for this was the scarcity of the gipsy moth in France,.

elgium, 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 at Moscencia, Yugoslavia,
this species has been the predominating tachinid parasite of the gipsy-
moth caterpillars. It has been especially abundant in Hungary,
Czechoslovakia, and Bulgaria. In some cases where several gipsy-
moth infestations have been nearly wiped out this parasite has been
largely responsible, slthough several ot,ll)ler enemies of the gipsy moth
haﬁ a part in this control, especially A. porthetriae and S. scutellate,
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Lire Hizrory aNp Hanita

The life history and habits of this tachinid have been thoroughly
investigated by Heinrich Prell (22), of Tharandt, Germany, and ’Ig R
Jones, of the gipsy-moth 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. ' _

Tt is a parasite of the gipsy-moth caterpillars, has a single generation
each year, and passés the winter in its puparium in the ground. The -
adult fiies issue during the month of May, the males being the first

Fia. 44.~Qlass eyllnders used In resring tachinlds and wire-screen receptacles for inclosing flies
. with caterpiliars on folinge. {T'¢wnsend)

" to emerge; but the females begin to issue before the issuance of the
males has been completed. : '
In the Germsan 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 more satisfactory. In sorme cases Sowers
of Umbelliferae were placed in the cages, and although the flies seamed
to feed on the pollen, the length of life wes not prolonged. At the
gipsy-moth laboratory in the life-history studies, 2 mixture 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 thelarger mat-
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 foreizn material at the gipsy-moth laboratory Y{(p. 19},
In the German experiments glass jars or wire cylinders of about 1
or 2 quarts capacity, similer to the ones used by Townsend (fig. 44),
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were found satisfactory as small cages for the life-history work. At
the gipsy-moth laboratory each fertilized female was placed In a
glass tube; 2 by '8 inches, with food and a crumpled piece of crépe
paper. These tubes wers 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 s gipsy-moth catei-
pillar was inserted into the glass tube with the tachinid, After ovie
position had taken place the wtmﬁiﬂm was removed and ancther one
mnserted. The parasitized caterpillars were kept in small individual

" cans (fig. 16, E), or in trays (fig. 17), where they were fod until the
issuance of the parasite larvs.

There seerus to be considerable veriation in the time of emergence
of the adults in the spring. In some hibernation experiments which
have been carried on in the yard of the laboratory the first males were
noted‘in 1925 on May 29. "Up to this date the ibernating cage had
not been disturbed. When these adults were observed the cage was
removed and females issued up to June 8. The sime year, in another
experiment, a cage containing 25 puparia was removed from the: soil
on May 29, and 8 males were found to have issued, 3’of which wers
still alive; the others appaared to have died recently, The remain-
ing puparia were placed in moist sand and 13 fermales isdued from May
30 to June 3. T P

The emergence records of adilts from the large supply of puparia
of P. agilis do not add much to this information, for iey are dis-
turbed m the spring, which may hasten or retard this émergence.
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 seil 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 year the cages were not removed from hibernation until May
10 and the first flies were obtained Meay 11. They continued to issue .
until June 12, the bulk of the emergence taking place between May
}8 and May 30. In 1927 issuance was at its height from May 20 to

une 4. : , - )

There is undoubtedly considerable varistion in the emergence of
the flies in the spring, even under natural conditions. It is probable
that those flies which hivé hibernated in warm, protected places issue
in the spring before those which are in cold sitnations.

The flies are rather large, quiot 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 laboratory 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 i
ready to oviposit the act is nearl}_ylr 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 copu%a.te readily soon after issuing. Copulation may occliﬁy
from half & minute to one+half or three-quarters of an hour. Fres y
emerged ferales mate more readily when confined with males which are
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2 or 3 days old. It is not unusual for the males to mate often during
their lifs, and the females may mate several times. Doctor Prell
(22) considers that the longer copulations are necessary in order to
fertilizo the female entirely, and that fertilization is necessary for the
‘development of the eggs. o . :

The gestation pertod varies according to tempersture and other
factors, one of which probably is the food of the parasite 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 German experiments, the period of gestation of some flies held
in a room tempersture of 61° to 68° ¥, was about 12 days. A few
fertilized females held in a temperature of 54° to 55° F. for about three
weeks did not deposit eggs at the end of that period.

Iu an experiment at the gipsy-moth Ilab-
oratory in which 41 flies were used an
average of 56 eggs were laid, with recoids.
of 103, 118, and 131 for three individuals.
In Germany (22, p. 77, 78) records were
obtained of one fomals laying 158 egge and
of another laying 166 eggs. Doctor Prell
states that in nature the species has a capac-
ity of over 200 eggs.

During the warm days of Mey and June
the parasite oviposits readily on the cater-
pillars. The e ars usualy placed dors-
ally (ﬁ{g. 45), and on the anterior part of the
host. ‘The greatest number of eggs deposited
in the German experiments in & single day
was 28, with an average of 4.6 eggs per day.
In good weather many flies probgaﬁy deposit
between 10 and 20 eggs 8 day during their
period of maximum oviposition.

There is & great 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 caterpiliar. )

Hungary, in 1923 and 1924, Mr, Webber Fit 45-Fegs of Phoreeera aita
end the junior author moted many second- .
instar gipsy-moth caterpillars bearing several eggs of this tachinid.
The result 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 porthe-
trice had issued and which were already destroyed. In one case ab
least; Mr. Webber saw & fly oviposit on & gipsy-moth caterpillar to
which was attached a coecoon 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 millimeter in width. Dorzally they are sﬁro;&ly CONVeX,
and ventrally rather flat, The chorion is thick dorsally bat the
underside is thin. The whole egg is covered with a fine network of

L
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delicate iines forming polygonal areas. The period spent in the %g
varies considerably, depending largely upon the tempersture. On
warm dsys, 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 thsé
the maximum hatching occurred on the second day after deposition,
slthough a few hatched the first day and some not till several days
afterwards. s

Upon hatching, in the majority of cases, the tiny maggot enters the
body of the caterpillar close by the egg. The actual entering of the
host may be accomplished in a few minutes, but usually from s
quarter to half an hour is required. 'The development of the tachinid
meggot within its host has been very carefully described by Prell, -
and 1t is merely outlined here, Within its host it passes through
three larvel instars. It is attached by the posterior end to the cater-
pillas at the point of entrance. The larvalpi?:ustam are passed within
& chitinous funnel and delicate sac swrounded with s 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 parssitized June 4. On June 20 third-instar maggots
began to issue and on June 23 an appsrently healthy caterpillar of
this Jot was dissected and found to contain a first-inster maggot.

The period required for the entire development, from the time the
egg is deposited to the issuance of the maggot from its host, varies
considerably, ranging from 16 to 35 days in observations at the gipsy-
moth laboratory. In the majority of cases the third-instar meggots
issue from the large gipsy-moth caterpillars, although oceasionslly
they issue from the pupse. Upon issuing the maggots enter the soil
and here pupation takes place, The winter is passed within the
puparium 1o the pupal stage.

n Europe this tachinid is one of the principal parasites of the nun
moth, Lymaniria monacha L., ss well as of the gipsy moth. At the
Molrose ﬁighlands laboratory it has been reared in experimental work
from the satin moth, Stilpnetia salicis L., and from the tent caterpiliar,
HMalacosoma americana Fab.

InTrRODTCTION AND LIBERATION

The first P. agilis which were noted at the gipsy-moth lahoratory
issued in the spring of 1908 from hibernated puparia which wers mixed
with puparia of Sturmia scutellete. Thers were ouly a few of them
and they were used in biclogical studies. A few puparia wero obtained
during the summer of 1908, but there were no# enough flies in the
spring of 1809 to make a colony. In the summer of 1909 several
thousand puparia were received from Europe., The number is not
known, for they were mixed with puparis of Sturmis and two species
of sumrmer-issuing tachinids. The adults of the two muliibrooded
tachinids issued during the summer, leaving an apparently healthy
lot of puparis of P, agilis and 8. scutellate. Later during the summer
severai) undred P. agilis puparia were received which had been
reared in Europe from caterpiﬁars of the nun meth. These puparia
were added to those received earlier in the season and all placed in
hibernation at the laboratory. In the spring of 1910 the sdults
which emerged were liberated,
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There were no more introductions of this species until 1923, Tha™y
yesr, and each succeeding year, large numbers of pupsria weré’
.. Teceived at the gipsy-moth agorat,ory as a result of the rearing work

., which has been carried on in Eurepe during the last few years. Table
i 96 gives the numbers of P. agilis puparia which have been placed in
hibernation at the Melrose laboratory. C

TapLE 26—Numbers of }[oreign Phorocera agilis puparia hibernated af Melrose,
Maass., 1928 to 1087

Sourese

glavia | Folaod Spain

$08

8
635

8231 23,758
13,540 | 24,166 9,354 &1

Thess figures do not represent the total puparia of P. agilis which
have been introduced, for some damaged ones were discarded when
the material was sorted for hibernation.

Reference to Table 27, which gives the yearly colonization of this
species, shows a heavy mortslity within the pu aris. A great deal
of this mortality occurs before the puparia are placed in hibernation,
although it does not show until the following spring when the sur-
viving adults issue. When these puparis are being sorted for hiber-
nation many dead ones are included and s}ila.ced in hibernation with the
living ones, as ivis difficult to distinguish between them.

The mortality is due to many factors. The material has to be
bandled seversl times snd many of the puparia, sithough only
glightly injured, are damaged 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 18
unnatural but unavoidsble, During the height of the issuance of ths
maggots the puparia sre formed quickly, and even when the irays
are picked over several times a day sbout as many puparis as maggots
are found. The puparis are placed in a box with the tachinid maggota
in demp sawdust. Shortly safterwards they must be removed and

acked in small boxes in damp sewdust for shipment to the United

tates. There is more or less jarring of the material during transit in
the mails, some of which results in damage to the insects. The mois-
ture conditions of the sewdust in which they are trensported 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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CovoxizaTion

. [H
Under the preceding topie, “Introduction: and Liberation,” have
been montioned the foreign puparia of P. agilis which were carried
“through the winter at the gipsy moth laboratory and from which
adults were obtained for liberation. Table 27 shows the total eblo-
nizations of this species.

TanLe 27.—Total colonization in New England f;f Phorocera agilis #

Liberated

Fepmales !

90 ﬁnﬂjvei’, Mass

1024 , Mass
Ashburpham, Mass, "
) . Petarboro, N, I "
19k imenmnumenena- | BRrDStable, Masd________ .. . !
Tannton, Mass.
Meredith, N'. I
Rochester, N. H____
Barastable, Mass__ .
Drewster, Mass
Boxford, Masa. .

Qrand total, 38,445,

" 1 Most of the females wore mated with males before libaration, y '
3 In pddltion te the-number of aduit parasitos liberated, 2,278 parasitized caterpillars were colonized,

Fig. 46.—3ix colonization cages leaving the laboratory at Malross Hightands, with coloniss of adult
mchin&d Esrasltes for liberation. Note that ench cage is wrapped with black paper to koop the
cages dark.. )

After the females have been fertilized and placed in & colonization
cagoe (fig. 9), they are taken by automobile (fig. 46) to a place suitable

[
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for liberation. Jusi 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 adulé 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 i1s marked on a blue-print map ol the town for the
laboratory files, and on & tree in the field with white paint.

RECOVERY aND VALUE oF PHOROCERA AGILIS

Although many collections of gipsy-moth caterpillars have been
made each year near the colony sites of this parasite, no positive
avidence has been obtained to show that it has successfully lived
l;hrcn:fh & winter season. 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 1s similar to that in
parts of New England. The fact that it has only a single generation
and spparently needs no other host than the %ipsy—mo leads to
the belief thet 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 Linnaeus

The multibrooded tachinid Tacking 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. 1t was ome 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.

Forgicr DNMSTRIBUTION AND ARUNDANCE

It is widely distributed throughout Europe, and has its counter-
part in Japan. This species has been reared at Melrose Highiands
Irom gipsy-moth caterpillars collected in Spain, France, Belgium, the
Netherlands, Germany, Austria, Hungary, Switzerland, Italy, and
Russia. In Kurope it has been reared during the recent foreign investi-
gations in Hungary, Czechoslovakia, Poland, Portugal, Bulgaria, and
Yugoslavia.

In some of the early mmportation work this species was recovered
in numbers which suggested that it was one of the most important
eneraies of the gipsy moth. It was not only recovered from man
separate collections, but one lot of caterpillars from the Netherlan
produced more puparia than there were hosts in the package, and a
gimilar condition was found in a box of caterpillars from Italy.

During 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 Sturmic scufelleta as & 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 Compsiura.
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Lire Hrisrory anp Haprrs

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 usuaﬁy leave the cater-
pillars before they pupate, although occasionslly 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
OF pups, but recent experiments carried on at the gipsy-moth labora-
tory show that 1t always issues from its host before pupating. In
this respect it differs from Tachiria mello 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 characteristic differences in the mouth
hooks of the first larval instars.

INTRODUCTION AND COLONIZATION

A few adults were liberated in 1906, 1907, and 1908, but in rather
small, unsatisfactory colonies. More satisfactory numbters were liber-
ated in 1909, 1910, and 1911, Up to this time 3,363 were vecorded as
having been liberated. There were no more liberations until 1925.

More puparia of this tachinid have been sent to Melrose Highlands
from Europe during the last three years than of sny of the other
multibrooded species. These came as puparie packed in small boxes
with demp sawdust. They were reared from gipsy-moth caterpillar
collections at the temporary stations at Hungary, Czechoslovakia,
Yugoslavia, Poland, and Portugal. In 1925 the pupsaria 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 da ,
but-during the height, of the tachinid issuance they were sl{ipped daily
to Melrose Highlands, as has been explained in the discussion of the
recent foreign work. The results obtained by shipping material every
day are very gratifying and are indicated by the liberations made.
In 1925, 8,001 T larparim 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, G, D) and liberated after mating.

The total colonizations of I. 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. During the summers
of 1¢26 and 1927 it was colonized much more satisfactorily than at
any previeus time, and may now be established, although proof of
this may not be obtsined for several years. It is one of the most
important enemies of the gipsy moth in central and southern Europe,
ang its establishroent here, if that is possible, should assist consider-
ablyhin the biological control of the gipsy moth and the browa-tail
moth,
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LYDELLA NIGRIPES Fallen

The tachinid Lydella nigripes Fallen was received and liberated in
small numbers in 1805, 1907, end 1911, and in satisfactory numbers
in 1909. Yn 1925, 214 adults were liberated; in 1926, 2,198; and in
1927, 3,068 more. These were obtained from gipsy-moth caterpilier
collections made in Hungary, Yugoslavia, and Poland during these
years,

The earlier work with this species showed it to be & very important
parasite of the brown-tail moth in Burope, and it was reared in this
country from shipments of large caterpillars of this insect which were
collected in Spain, France, %algium, the Netheriands, Germany,
Czechoslovakia, Austria, Hungary, Switzerland, Italy, and Russia.
During the last few years it. has been encountered as agiFsy-math
caterpillar parasite in the tray work at Debrecen, Baja, Galgamacss,
Simontornys, Olaszliszka, and Doboz, Hungary; Rembertow, Poland;
and Moscenica, Yugoslavia; and a record was obtained of its being
reared from the brown-tail moth in Yugoeslavia,

This species is very similar in appearance and habits to Compsilura
concinnala, being a larvipositing species. It has several generations
imnually and has been recorded as a parasite of a large number of
105ts.

A tota) 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 may prove successful, but
there will be little opportunity to establish tnis fact fer a year or
possibly several years. The fact that Compsilura, 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 INCOMSPICUA Meigen

Sturmia inconspicua Meigen, called S. giva 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 hasseveral 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, Russie, and Germany. During the
last few yeazs it has been bred from gipsy-inoth caterpillars in rear-
ing troys at Bochnia and Rembertow, Poland; Beli Manastir and
Moscenica, Yugoslavia; Debrecen, Baja, Simontornys, Olaszliszka, -
Doboz, and Galgamacsa, Hungsry; and Belki, Czechoslovakia. 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 18086, larger numbers were liberated in
1909, and e few more were colonized in 1911. In 1925 about 1,150
adults were liberated. These were obtained bﬁ resring them from
one of its hibernating hosts, Lophyrus pini L., collected near Bochnis,
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 rearinf cages
where adults could emerge and become fertilized. They did not

1781°—26—-8 -
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mate readily and were rather inactive, but were kept at the labor-
atory for s number of days so that a large number of the females
could be fertilized before liberation. The puperie came packed
in damp sawdust and were kept in cold storage during the ocean
voyage. Subjection to the cold for some 8 or 19 days meay 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 resred 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 & result
of the colonizations of 1925 and 1927 is not known.

TRICHOLYGA SEGREGATA Rondapl

The tachinid Trichelyga segregata Rondani, referred to as 7.
grandis Zetterstedt in earlier American literature, is a parasite of
the caterpillars of the brown-tail moth and more commonly of the
%i'psg' moth, and also of several other insects. Tt is very similar to

achina larvarum and T. mella, but in contrast to T. larvarum ii
usually pupates within the host eaterpillar or pupa.

It was reared from collections of gipsy-moth caterpillars and pupae
from southern France, Belgium, the Netherlands, Germany, Czecho-
slovakie, and Italy during the yesrs between 1906 and 1911. The
most recent European work has shown it to be present in Spain,
Portugsl, northern Africa, and, sparingly, in Bulgaris.

During the early colonization work 14 was confused with Tachins,
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 181% a few. The total liberations for the early work amounted
to 8,766. In 1924 72 adults, 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 8,323.

This species was doubtfally recovered in 1909, at the site of the
summer colony, but it hes not been recovered since.

CARCELIA SEPARATA Rondanj

Carcelia. separats Rondani, referred to as (. gnave Meigen in
previous liternture, is another gipsy-moth parasite which has several
generations ench year and a variety of hosts. It was doubtfully
colonized in 1906 nnd a few were liberated in 1907 and 1908. In
1909 it was received in gipsy-moth caterpillar collections in large
numbers from southern France, and in smaller numbers from Ger-
many, Ozechoslovakia, Austria, Hungary, and Ttaly. In 1910 a
few were colonized, and in 1911 & 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 seversl
countries in Furope, but most of the 1,106 adults liberated in New
England that year were obtsined in Hungery from collections of
larvae of the satin moth, Stilpnotia salicis.

This species seems to be rather local, and has never been received
in large numbers except during the shipments of 1909. It has not
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. been noted as an important parasite of the gipsy-moth caterpillars
_ %urope, ut has been
- recovered from Spain, France, Czechoslovakia, Bulgara, 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 caterpillar collections from southem France. The
species has not been recovered.

According to Muesebeck (. separata Rondani and €. gnave Meigen
have been confused and the tachinids which were reared from Stlp-
notie salicis and liberated in 1927 were (. gnava.

ZENILLIA LEBATRIX Panzer

The tachinid Zenillia libatric Panzer appears to be more a parasite
of the brown-tail inoth caterpillar than a parasite of the gipsy moth.
It has been recorded as a parasite of several other insects. 1t is one
of the species which has the habit of depositing its eggs on the foliage
to be caten by the caterpillars. 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 laboratory In experimental
work until 1927, when 327 m%l Its were colonized. This species has
been liberated in smdll numbers (only 504 individuals altogether).
From 1906 to 1010 only 177 adults were liberated. They were ob-
tained from brown-tail-moth caterpillars which came from France,
Germany, Ausiria, Hungary, Ttaly, and Russia, In 1927 a few were
reared [rom gipsy-moth eaterpillars in Hungary, but most of them
came from Yugoslavia,

CROS3GCOSMIA SERICARIAE Coronalia

The tachinid parasite, Crossocosmia sericariae Coronalia, of the silk-
worm in Japan was reared in considerable numbers from gipsy-1noth
pupae by J. N. Summers while he was studying the &)amsitism of the

gipsy moth in that country during 1922 and 1923. In its habits and
life history it is so sinilar to Sturmic scutellala, which is now well
established in this country, that no serious attempt has been 'made
to introduce the species. During both years it was an important
gipsy-moth pupal parasite, and in some collections nearly all of the
pupae were killed by it. Doctor Summers states that it plays in
Japan sbout the same réle of importance that S. scufellate does in
this country.

It was Arst received at Melrose Highlands in 1908, when a few
puperia were found in shipments of Japanese gipsy-moth pupae.
The following spring no adults emerged, owing to the poor condition
of the pupara when they were received. In 1909 more puparia were
recovered from gipsy-moth pupae sent from Japan, and from these
a few udults were reared the following spring. These were colonized
in New England with & few adults of & species of Crossocosmia sent
from France which were apparently identical in structure with the
Japenese 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 PARASITES
BRACHYMERIA INTERMEDIA (Nees)

The species Brochymeria intermedia (Nees) has been described at
some length by Howard and Fiske (14) under the name of Chaleis
flavipes Panzer. More recent investigation shows that this was a mis-
identification, and that Brachymeria intermedia (fig. 47) was the one
they discussed. The life-history studies, however, which wers made at
that time to prove that it was a primary parasite of the gipsy-moth
pupae (fig. 48) seem t6 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 injurious the good and bad were destroyed together. In
1908 an(f 1909, after there seemed to be little or no doubt ag fo the
relation of B. intermedia to the gipsy moth, a few were colonized.
This species was recovered from gipsy-moth pupae received in 1911
from Hyeres and Charroux, France, and in large numbers from Sora,

Orsomarso, ard Cal-
tagirone, Italy. Itwas
a very important
gipsy-moth - enemy
, that yesr in 3icily,
_and from aﬁbout. 16,500
gipsy-mot pupae
which wera sent to the
laboratory at Melrose
Highlands 15,567 adult
parasites were ob-

tained and colonized.
In 1924, 307, and
in 1925, 956 B. infer-
\ }ned*ia, were rec}(l)vered
e rom gipsy-moth pupal
Fia. 47.— Brachymeria intermedia, sdnlt, X 11 collect.i_onss' which e
sent to Melrose Highlands from Spain. From collections made in
Portugal, 1,775 were obtained in 1925 and 37 specimens came from
Hungary. These have been used in studying the life history of this
gpecies. During the summer of 1924 the B. infermedie from Spain
were used in some reproduction eﬂ}eriments on gipsy-moth pupae,
which resulted in rearing 255 adults. The foreign stock and the
adults reared at the laboratory were placed in E'Lnfferent 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. infermedic 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.

Ususlly only one adult issues from a host. The females are ready
{for oviposition shortly after emergence. The period from the time
of oviposifion to the adult stage ranges from 20 to 40 days, according
to Muesebeck. There are apnually 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
faw years by Mr. Muesebeck and Mr. Dowden in investigations to
determune whether this species ever acts as a secondary parasite. In
all cases the evidence is in favor of the parasite. It has been hred
freely on gipsy-moth pupae which were reared in an insectary from
the eggs and were positively free of any other parasite. It has also
been reared as a primary parasite from pupsae of the tussock moth,
Hemerocampa leucostigma. Attempts have been made to have it
parasitize brown-tail-moth pupae, but thesehave given negative results.

Brachymerig iniermedia has been induced in experiments to attack
puparia of Sturmic scufellate. This slways appears to be done reluc-
tantly. Several experiments of this sort have given no reproduction
by Brachymeria intermedia and dissections have shown perfectly

FiG. 48.—Gipsy-moth pupae showing exit boles of Brachyreria infermedia, X 134

formed nymphs of Sturmic scufellata. In one experiment 19 §. scutel-
late 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 Sturmis 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 Jmportant native parasite of Sturmic
scutellata.,

In experiments in which this parasite had a choice of parasite-free
gipsy-moth pupae and gipsy-moth pupae which contained Sturmia
mapgots, the parasite invariably chose the parasite-free pupae for
oviposition. Records have been obtained of Brachymeria inter-
media attacking gipsy-moth pupse which contsined maggots of
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Sturmia scutellaie, but in no case has Brachymeria intermedia repro- .
duced under such circumstances. '

The data which have been obtained, only a part of which are given
here, indicate that B. indermedie is e. primary parasite of the gipsy
moth, and that theraisno dangarinvolvetf in liberating it 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 sesson in & rather
Jimited area near Boston. It seems likely that this species might
survive Ir. the southern part of Massachusetts, where the conditions
are more like those in the countries from which this parasite has
been obtained in greatest abundance.

b -

BRACHYMERIA OBSCURATA (Walker)

Brachymeria .obscuraia (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 to B. obssurata. This species has been received in small
numbers from gipsy-moth pupal collections from Japan. A few were
colonized in 1908 and 1909. During the summer of 1923, J. N.
Summers brought sewveral lving adults of this species to Melrose
Highlands from Japan. An examination of the gipsy-moth pupae
from which they f,d%veloped 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 several tachinid puparia.

Some of the adults were placed in hibernating quarters in the labora-
tory vard while others were kept in the cellar of the laboratory.
All of those in thelaboratory yard died after being exposed to t,emgler-
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 AND PUPAE
CALOSOMA INQUISITOR Linnaets

The beneficial beetle Calosoma inguisiter Linnaeus was introduced
and liberated in small numbers during the early gipsy-moth investi-
gations. It has been observed in Spain, Hungary, and Czechoslo-
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vakia in rather limited numbers during the last few years. In a ship-
ment of 741 beetles from Spsin in 1924, 599 were alive upon arrival
at the laboratory. These were used in life-history studies and 18
larvae which were reared from thiem 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 gipsy-moth caterpillars.
The larvae do not climb. The larger ones feed on gipsy-moth pupas,
but the smallar ones prefer softer pupae than those of tﬁe gipsy moth.
The studies which have been made do not indicate that this species
would ever become an important gipsy-moth enemy in New England,
but in some locations in Europe, where the gipsy moth lays practi-
cally ell 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,

XYLODREPA QUADRIFUNCTATA Schreber

The beetle Xylodrepe guadm'.fmncmm Schreber has attracted con-
siderable attention during the last two or three years in the gipsy-
moth investigations, It has been found feeding to a small extent on
gipsy-moth caterpillars in Spain, Hungary, and Czechoslovakia. A
fow adults were received in 1924 from Spain, and in 1925 & few more
came from Spain 'and Czechoslovakia. Of these, 100 adults were
liberated, as also were 15 larvae which were obtained from repro-
duction work at the laboratory. More adulis were received from
Hungery in 1926, Only 370 living adults have been received at the
laboratory. These have been used in reproduction work snd for
investigating the life history and habits of this species.

In these studies the beetle passed the winter in the adult stage and a

complate %lenemmon was reared. The adults climb trees and feed on
t

1psy-mo catelgvi]lars, but seem to prefer soft-bodied insects. The
arvae are ground-feeding insects and do not climb. When confined.
with gipsy-moth pupae they will feed on them. These investigations
of the hife history and habiis of this predator, however, together with
the observations which have been made in its native lands, indicate

thas it is not an important enemy of the gipsy moth.

)
HABROCARARUS LATUS Dej., var. gougeledl Réiche

In Spein during March and April of 1924, adults of the beetle .
Habrocarabus lafus Dej., var, gouge?eti Reiche, were found commonly
under stones where they had passed the winter. It was reported to
be an important enemy of the gipsy:inoth ;and. 1,039 adults were
collected and sent to Melrose Highll:mds. Of this number 719 were
living upon arrival. They were used for life-history studies. Itisa
terrestrial form, and the limited studies which have been made of it
do not indicate that it is an important gi psy-moth enemy.  No libera-
tions of it have been made in this country,
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FOﬂElGN ENEMIES OF THE BROWN-TAIL 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. Ii has proved to be one of the principal
enamies of the hibernating brown-tail-moth eaterpillars. In addition
to being a parasite of this insect it passes a generation on the small
gipsy-moth caterpillars and on several native insects.

ForeiaN DISTRIBUTION AND ARUNDANCE

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 T\Tetherla.nds, Geérmany, Austria,
Czechoslovakia, Hungary, Switzerland, Ttaly, and Poland, and from
Kiev and Simferopol, Russia. Later distribution records have been
obtained of its presence in Spain, Portugal, Yugoslavia, Bulgsris,
and Rumania, by investigators of the Bureau of Entomology study-
ing the parasitism of the gipsy moth in Europe, _

The fact that it 1s abungant in Europe has been well established
by the numbers which have been reared at the gipsy-moth laboratory
from European brown-tail-moth caterpillars.

Lire HisTorRY aNn HapiTs

The adult parasite is delicate and rather short ived. 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 (% F. W. Muazsebeck 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 tha brown-tail moth caterpillars
a few days after oviposition, and the small larvae pass the winter in
their first instar. hen the brown-tail-moth 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
perasitized by A. lacteicolor live from a week to 12 days after they
commence feeding in the spring. Soon after the death of -the para-
sitized caterpillars the Apanteles larvae issue and spin their cocoons.
Many species of Apanteles do not kill their Yosts before issuing, but
leave them to die several days later. v

The cocoons {pl. 6, C) which are constructed by the larvae of A.
lacteicolor are pure white and measure from 4 to 5mullimetersinlength.
Most, of the ecocoons 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 trunks. 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 LACTEICCOLOR AMD METESRUS VERSICOLOR
A, Third-stage lorva of Apanteles, anal vesicle still presemt, X §; B, Apauteles pups, X 5 C, third-
stage gipsy-math eaterpiliar with Aponteles eocoon, nstural size; D, twoe iarvae of ap undetormined
arctiid from the same ¢gg mass, above parasitizad by A, luctelcolor, below unparasitized, X 2; E,
third-stage larva of Mceteorus, X 5 F, Meteores pupa, ¥ §; (0, Meteorns cocoons, netural size.

(Muesebeck.)
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[} s!a.rvnstt fending in sprin 10 It second stage, X 80, showing o, enal vesl
a'::lgrxed E, ]:rrvni ml.g: diblea, » ﬁowlny l (nppnr Ieftz‘ seccnd stsue( p:r rlgh:}. dﬁ r.hkd
ltun below), The m.tndtth of flist nnd lrd stagte ary O(p

o], Much enlsrged, {Muescbeck) .




122 TECHNICAL BULLETIN 86, U. 8. DEPT. OF AGRICULTURE

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 as the host. In laboratery experments this
Apanteles veadily attacked first-instar caterpillars of Apatele hasia
Guenée, Schizure unicornis 8. and A., and an arctiid, and was reared
successfully from them and from Hemerocampa leucostigma S. and A.
It has also heen recovered from field-collected caterpillars of A.
haste, Datana ministra Drury, and Hyphantria cunea Drury.

ImroRTATION

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 (74). Only s brief account of this
work is necessary here. In the first years the webs were put into
lIarge wooden boxes called tube boxes. (Fig. 19, A.) Soon sfter-
wards parasites, caterpillars, and hyperparasiizs began to issue and
enter the tubes. A few of the caterpillars were removed, placed in
trays, and fed, and two braconid psrasites issued. The first to issue
groved to be a new species which was later named Apanteles lacteicolor

y Viereck. The other parssife was determined as Meteorus versi-
color Wesm. The discovery of these parssites 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 rear-
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
escaping. This tray proved to be more satisfactory than a.nlgr' previous
type that had been tried, and it was later known as the Fiske tray.
(%"?w. 19, B.) The bottom of the tray is covered with white cotton
cloth. Around the top is s strip of Y-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

revent the caterEillars from escaping. A strip of wood one-half inch

y 1inch is attached to the inner cdge of the horizontal piece at right
angles to it, to act as & guard in keeping the operators’ fingers from
getting into the tree-handing materiali.

The brown-tail webs are laid 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 caterpillars 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 essily removed by raising the mosquito netting. Before new
foliage iz put in the trays, another strip of mosquite 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 prece of netting with the caterpillars on it the older material
beneatbh is examined for the cocoons of the parasite and later removed,

(Fig. 50.)
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During the winters of 1906-7, 1907-8, and 1908-8 hundreds of
thousands of brown-tail moth webs were received, but it was not until
the sumner of 1008 that a suitable method was devised to rear the
braconids which the small caterpillars contained. The rearing work
was more successful in 1908 and still better in 1900. Fewer webs
were received during the winter of 1909-10 than during the previous
years. These were handled during the summer of 1910 as during the
previous summer, and & good supply of Apanteles lacteicolor was
obtained. After this season only a few brown-tail-moth webs were
imported, as ol of the parasites which could be obtained in this manner
were established.

CoLoNizaTION

When the species had become established and more colonization of
it scemed desireble, similar methods were used to obtain Apanteles.

P, 0.—Esumining lreys couliining hrown-tail-inols lnrvie, st the gipsy-moth laboratory to obtain
A panteles tocteicolor aml Meteorus rersicolor fur ealonization

Large collections of brown-tail-moth webs were made during the carly
winter from various locations in New England. Samples of the differ-
ont collections were examined to determine the amount of parasitism
of the caterpillars. Thus were ascertained the areas where Apanteles
was most abundant, and tho webs from such locations were used in
the spring rearing work. The early liberations of Apantecles are given
in Table 28.

During the early colonization work adult Apantcles were liberated,
but later when the work developed to a much larger scale the para-
site was colonized while still in the cocoon. This method required
less handling, and the cocoons {fig. 51} were removerd daily from trays
and divided into colonies containing 500 each. These were kept ina
cool place until several lots were on hand, whereupon they were taken
to the field and left in tin eaus, uailed 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 parasttism of the
hibernating brown-tail-moth. caterpillars has been discontinued, as
the desired information is better obtained by dissecting the cater-
pillars, This method is quicker, cleaner, and much more sccurate
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 disseetions of the hibernating brown-
tail-moth caterpillars in any one 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 yesr. 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 irom
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. TFor these dissections no attempt is made to gather webs in
the same towns each year.

TapLe 20.—Results of dissecting hibernating brown-tail-moth caterpillars to deler-
mine the degree of parasitism during the winler of 1925-26
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The parasitism of the hibernating csterpillars shown in Table 20
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 nidicole has pars-
sitized the highest percentage of the caterpillars.

. .An abridged swmmary of the results of the annual dissections of
hibernating brown-tsil-moth caterpillars is given in the discussion of
Compsilura concinnate, 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 aversge percentage of parasitism
credited to Apanteles for the entire ares i3 not very large.

Recovery anp Digrersion

When the first liberations of this parasite were made in 1807, the
supply was small and the eolonies Iiberated were unssfisfactory, Later
in the season and during the following year & search at the sites of
these colonies failed to show any trace of this species. In 1808 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 coter
pillars as they were issuing from the webs. A gemeration in the field
was developed in this manner. Under natu conditions, howsever,
adults of Apanteles lacteicolor are not found in the field at this time,
and it was not surprising thet later observations indicuted 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 been liberated
in 1908. The species was also recovered in 1308 at snother location,
where & very few adult Apanteles had Deen liberated the revious

e&T Just as the small brown-tail-moth caterpillars were feeding and
Eeginning the construetion of their winter webs.

In 1910 this species was aiain recovered end from poinis several
miles distant from where it had been liberated in 1908, showing a
rapid spread. By the end of 1910 Apanteles had incressed to such
an extent that over 4,000 cocoons were obtained in the rearine work
of the spring of 1911. From this time the species spread rapidly, and
by 1918 had dispersed, sided by the colonization work, over the entire
areg infested by the brown-tail moth. {Fig. 3.)

VALUE OF APANTELER LACTEICOLOR

This parasite is one of the important ememies of the hibernating
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 incrensed and dispersed raplivgly, and when the
brown-tail-moth infestation was severe over & lares 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 lLife-history studies of Apanteles lacteicolor revealed that it has
several generations amnuslly and attacks small gipsy-moth cater-
pillars and several native insects. It seems to be dependent upon the
brown-tail moth for its hibernating host but needs an alternate sum-
mer host. Its present state of relative scarcity over much of the
territory is partially explained by the fact that its hibernating host
is scarce. 'This is not the case in southeastern New Hampshire and
southwestern Maine, where there has been a rather persistent, heavy
brown-tail-moth infestation for several years. In this area the scarcity
of lzcteicolor mey be due to the fact thai the gipsy moth for a number
of years has been relatively scarce there, and possibly some of the
nafive insects which sct as alternate summer hosts for A. lactetcolor
may also have been scarce during this period. During the summers
of 1926 and 1927 the gipsy moth incressed in abundance, and should
this increase contmue it will be interesting to see what effect it will
have upon the abundance of A. lacteicolor. An increase’in the sbun-
dance of some Dpative insect may at any time providea summer host
for this parasite, and for a time st least help to bring it back to its
prevl':ilous sbundance in the ares heavily infested by the brown-tail
moth.

In sddition to the difficulty of finding a suitable host fo carmry it
through the year, A. lacteicolor must contend with several species of
hyperparasites. The generation which issues from hibernating
brown-tail-moth caterpillars usually escapes any heavy sattack of
hyperparasites, for many of the cocoons are protected within the
brown-tail moth webs. In the later generstions, however, the cocoons
are often exposed, though not for a%ong time. They become para-

sitized to a considerable extent, but not so much as A. melanoscelus.

In spite of the obstacles confronted by A. lactgicolor it is still rated
ps 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 YERSICOLOR Wesmnsel

The life history and habits of Meteorus versicolor Wesmael (fig. 52)
are so similar to those of Apanieles lacteicolor that much of the work
which has been carried on with hibernating brown-tail-moth cater-
pillars to obtain data pertaining to Apanteles has setved equally
well for Meteorus. It passes the winter as a first-stage larva within
the body of & hibernating brown-tail-moth caterpillar. The sdults
are larger and more robust than adult Apanteles, and often live for
several weeks and occasionally even for two or three months. Thers
ar;aI severha.l generations each year, two of them being on the brow:u-
tail moth.

FoprigN DHSTRIBUTION 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-mnoth laborato
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 numbers. At Vetren, Bulgaria, during the summer of 1924,
he saw a plum tree with 20 or 30 brown-tail-moth webs on it which

Fto. 52— Meleorus veraicolor, A, ndult femule, X §; B, egg, M 100; C, larve
ready to issue from ogg, X 50; I, Iarval mandlbles—irom top to bottom,
first, second-and third stages. The maudibles of first and third stages

ure chitinized; those of the second siage not chltinized, much enlarged,
{Muesebeck)

showed heavy feeding by the caterpillars, but only 8 few caterpillars
survived to pupate. Ofi this tree were several thoussand second-
generation cocoons of Meteorus. An exsmination of many of them
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showed that nearly half of the cocoons had produced adults, and the
remainder contsined hyperparasites or had given issuance to them.
This was the only tree in the immediate vicinity which was observed
to have a brown-tail-moth infestation on it. Evidently a few adult
Meteorus had perasitized the small brown-tail-moth caterpillars in
the fall, and the adults of the spring generation had remained in the
tree where there were ample hosts in which to oviposit.
ing the same summer Meteorus cocoons wers seen commonly,

but not in great abundance, on fruit trees which carried a few brown-
tail-moth wobs and caterpillars, in_the back yerds of residences in
the suburbs of Belgrade,r%’ugoslavi&. In 1925 S. M. Dohsnian of
the Bureau of Entomology reported Meteorus frequently attacking
brown-teil-moth _caterpillurs at Pancas, Portugal, and it was recov-
ered from o small village not far from Madrid, Spain. |

In Europe MM, versico%or hes heen recorded as s parasite of a number
of lepidopterous caterpillars, but no information is at hand as to what
extent it parasitizes the various species.

Lirx HisTory anp HabiTs -

The female parasite oviposits in the small brown-tail-moth cstor-
pillars during August end Septermber. When attacking brown-tai-
moth caterpillars a single egg is ususally deposited with each nsertion
of the ovipositor. Muesebeck (19) found in laboratory experiments
that the females attacked readily quite & variety of other hosts, but
often no egz was deposited during the insertion of the. ovipositor,
This habit is found in other parasites, particularly among the Chal-
cididae and Pteromelidese. Within the brown-tail-moth calerpillar
the parasite egg hatches in a few days, and the winter is passed as & -
first-instar larva. ‘This larva has a heavily chitinized head and tho
caudsl 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 4.
lacteicolor, but in from 10 days to two weeks the third-instar Meteorus
larva issues from its host.. The parssitized caterpillar usually molts
once in the spring and does not die until after the parasite has issued
from it. An interesting comparison between Mefeorus versicolor and
A. lacteicolor is that the brown-tail-moth caterpillars parasitized by
the latter do not molt in the spring, and are killed before the Apanteles
larva issues. S

The cocoons (pl. 6, G) are golden brown. They are suspended by
a strong thread attached to a gra.nch or twig of the tree on which they
have developed. The adult appears in from one week to'8 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 lsst two cater
pillar instars of the brown-tail moth. The caterpillars of Hemer-
ocampa leucostigma and Notolophus antiqua are eagerly astacked by
this species and records have been obtained of Hyphantria cunea also
serving as a host. Some of the adults of this generation, together
with adults of & partiel third generation, attack the small brown-
tail-moth eaterpillars in the fall and hibernate within them.,

1781°—28—0
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IxTropoeTiON AND COLONIZATION

The information given as to the introduction of Apanteles lacteicolor
gerves 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, There wers less than 100 und these
were used in reproduction worlk, but their progeny consisted entirely
of males. A few more were obtained from hibernating 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 somewhat better,
and 1,000 adults were liberated in a single colony. Later in the season
approximately 300 brown-tail-moth caterpillars 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 cater-
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-teil-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 bg' the end of 1913 approximately
4,000 Meteorus had been liberated.

During the following years a few more Meteorus were reared from
the hibernating brown-feil-moth caterpillars which had been fed in
trays at the laboratory to rear A. lactercolor for colonization. In this
way 2,900 and 4,145 cocoons of Meteorus wers recovered and col-
onized in 1915 and 1916, respectively. Each year the rearing work
was conducted & 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 Meteorus 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 in an endeavor to establish Sturmia nidicola.
Tn 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 Meteorus and Apanteles which developed
and gained their freedom in this manner.

ParagiTiam oF Brown-Tarn-Morse CarerriLLars Cavsep BY METEORUS
YERSICOLOR

The date which have been gathered on the efficiency of this para-
site as an enemy of the brown-tail-moth caterpillars are preserited in
Tables 29 to 32. Ounly 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 yob been of prime importance as an enemy of the brown-tail
moth here.




% few adults had been liberated. During the fall of the following year
"1t was recovered in very promising numbers from the site of a colony

S
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RECOVERY AND DISPERSION

Recovery of this species was made in the summer of 1907, after a

which had been liberated during the spring. Proof of its ability to
survive & New England winter was obtained in the spring of 1909
when it was reared from hibernating brown-tai}-mot]a caterpillars
which had passed the winter in their webs under natural conditions.
The following spring it was reared agsin under similar conditions, and
later in the summer the second generation was recovered from large
_brown-tail-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
larga-scale colonization of this species. "As early as 1918 it had
dispersed over the entire area infested by the brown-tail 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 inseet. Oceasionally in heavy brown-
tali-moth iafestations its cocoons are found quite sbundantly and
hang from the twigs of the trees. It has several generations annually,
two of them being on the brown-tail 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 & large number of
hyperparasites,

STURMIA NIDICOLA Townsend

The tachinid {fig. 53), formerly referred to as Zygobothria nidicola
Townsend in Americaa 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. Greet difficulty was
experienced in obtaininz this tachinid for eolonization, and although
at first only & few were liberated they were sufficient for the estab
lishment of the species.

ForeiGN DISTRIBUTION AND ABUNDANCE

S. nidicola appears to be well spread over Europe. It hasbeen recov-
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, Austrin, 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 occasiorally con-
sidersbly higher, has been recorded,




132 - TECHNICAL BULLETIN 86, T. S. DEPT. OF AGRICULTURE .

INTRODUCTION AND CoLONIZATION

This species was first discovered to be & lpara';site:?of the' broﬁn:-t'ail_--
moth at the gipsy-moth laboratory in 1906. - Hundreds of thousands .,

of brown-tail-moth webs were imported during the winters from 1905, °

to 1011, as has already been stated under the discussion of A. lactsr.
color. . Dissections of the ‘hibernating -eaterpillars which these webs -
contained showed that many of them harbored the smsll first-instar
maggots of Sturmia. In order to obtain the mature parasites for
colonization these caterpillars had to be reared through their feeding .
period. This proved to be very difficult. Many different ways were

tried to rear these caterpillars up to the pupal stage. . The smallcater- .. 3
pillars invariably would leave their hibernating webs and feed during

the early summer through two or three instars, apparently in fine s

Fr0. 63.— Sturmia nidieols, Adult inale, X488, (Mitesebeck)

condition; but in every experiment for several years, although they
were given the most careful attention, practically the entire ot would
die just previous to the last larval instars, S
Tn 1308 several Sturmia were reared under these frying 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
hiberneting caterpillars from Italy and France showed a ‘“very lerge
percenta%e of caterpillars bearing the larvae of Zygobothria” (14, p.
291). 'The materiel was divided into two lots. The caterpillars of
one lot were placed in trays to rear as ususl at the proper time; the
other lot of caterpillars was placed in the cpen on sinall 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 within them to mature. The tray work also
resulted as previously and all of the caterpillars died. :
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" During the summers of 1906, 1907, and 1909 sbout 200 Sturmia
were reared from European shipments of full-fed and pupsating cater-
pillars, and in 1911 approximately 3,300 more were reared from ship-
ments, All were colonized.

Parasyrios oF BrowN-Tan-Mors CATERPILLABS BY STURMIA

- Two methods are used to determine the amount of parasitism of
brown-tail-moth caterpillars: by this tachinid. These have slread
been described under the discussion of Apanteles lacteicolor, so it w1ﬁ
be necessary here only to refer to the tables presented to ascertain
the value of this parasite. _

In Table 29 are shown the dats obtained in 1925-26 by thedissection
of hiberneting brown-tail-moth caterpillars from 28 towns scattered
over the area mfested by this moth. It will be seen that Sturmisa 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-
piliars showed parasitism by Sturmia.

Under the discussion of Compsilura, in Table 30, is given a summary
of each year’s dissections of hibernating brown-tail-moth caterpillars
from 1916 to 1927. The data in this table show that nesrly every
year Sturmia has been the leading parasite of the hibernating brown-
tall-noth caterpillars, the parasitiam frequently averaging 17 per cent
and in many cases running over 40 per cent. ore data are given in
Tables 31 and 32.

DiseEnsion anp RECOVERY

The first recoveries of this species were in 1810 from field-collected
cocoons of the brown-tail moth., The nature of the recoveries showed
positively that the species had become established from liberations
made nfrevious to that year. These recoveries seemed remsarkable,
for only 200 specimens had been liberated and these in small lots
during 1806, 1907, and 1908, From the time of the firat liberations
many attempts were made annusally to recover the species, but only
negative results had been obtained.

During the sueceeding years it has been recovered in graduslly
increasing numbers and over a greater territory. The dissections of
hibernating brown-tail-moth caterpillars of 191617 showed that this
tachinid had spread over practicelly 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 & rapid dispersion seems
rather extraordinary, and particularly so since the species has only one
generation annually and depends upon the brown-tail moth for its hiber-
hating host.

VALDE OF STURMIA NIDICOLA

This parasite has been shown to be one of the most important ene-
mies of the brown-tail moth that bas been esteblished. It is second
only to Compsilura and this only in areas where Compsilura is
plentiful. It is often present in areas where Compailura is absent
Ol very scarce.

Farly in the investigations of this species data were secured which
indiceted that Sturmia would be more efficient in the mild section of
New England. Since then it has been proved that this species can
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survive and parasitize as high s percentage of its host in the colder = -

a.regﬁ'asin the ilder part of the area infested by the brown-tail

moth. - . T B ST S
. Much benefit has already been derived. from the introduction:of = 1"
8. midicola, Tts establishment from such small liberations shows the
possibilities in introducing beneficial insects even when they can be
obtained only in very smmall aumbers, —

COABSILURA CONCINNATA Melgen S
Compsilura concinnale Meigen is an important parasite of the
brown-tail moth as well' as .of the gipsy incth. It has been tresied -
" in detall under the Earamte& of the gipsy moth. The percentage of
arasitizm . of -the brown-tail-moth caterpillars 'ca.US'edp?Jy"GOmPﬁi-,
* Yure ‘will be found in Tables 29, 30, 31, and 32. _ o

Taptm 30 —Summary of annual disseitions of hiberrating brown-tail-moth cater-
pillars, wintere of 1916-17 to 1926-27, inclusive; o aacertain percentages of
parasitiam by various speciea S . : "

' “Parcentags of parasitiam of brown-talf-moth
- hlberneting lervas by— -

Compsllura | Apantsles | Meteorus | Starmia
concinnats | lacteietlor | versicolor | nidiesla

Number of brown-tafl wobs examined
Pezcontage of total parasitism
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§
;
s
-1
2

Avearage _
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. Lowosh

Number of larvas dlssected «
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Highest
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Lowest
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B e Y g
sorcTuBeBodBuastin
CHOOOLEOOEOOOEERRW
cpcobaaqa&n&oogoaa
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ERBENRBERIBREEEEER

=l

< et [ el Bk ok e T 3 1 I Pk B T e R e

ERURBREERERESEASE
6¢aoébeooooodoeééc

1 1,, Hving caterpfllary dissectod; D, dead caterpillars dissacted.

The results shown in Table 30 are referred to under discussions of
the parasites involved. 'The table is inserted at this point to show the
amount of parasitism of the hibernating brown-teil-moth caterpillars
caused by Compsilura. This'babit is a peculiar one; for, although the
bost is killed, the parssite also succuinbs. Many atterupts have been

_made at the laboratory to rear this parasite fror2 hibernating brown-
tail-moth caterpillars but always without success. _

In the spring Compsilura sttecks the brown-tail-moth csterpillars.”
readily and successfully, often to an impertant extent, ss is shown in
Table 31. The caterpillars are collected at about the time they stop
feeding and prepars to pupsate.
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TABLE 31-—Colleci:m of large brown-tail-moth cat jpill_ars to determine the amount
' K of summer parasitism for 1923

" Parcentage of patesitiom cansed by— | Total
qgﬁﬁ - - p _;
Ny '»a = . P : . ageof
Compst-| genrmia | Oatoelis |Meteoras) perasit-
cinnata § Hdicols | laxifrons versicolor

York, Me__ -

East klngatun. J D = O ——
Btratham, N, H. :
Kingston, Mass.
B ter, M,

-
B 5 e

, Maas_
_ Burllngton, Mass.
Hampton, N. B
Newbury, Mass
’ Andover, Mass
W%on,Mm
- Rowley, Maas
Beitunte, Mass
-Bandwich, Mass_
Bonrone, Mass.
Hherbora, Mass
Salisbury, Mass
Deodham, Mass.

ww@ﬁzbouwoss

[™
-}

§| SuBaonBBB8.dustifa
- auuﬁgamgoéqaqoaom
5 342353335383%553§

[
| SO0 oSeLDHOOSCRoo

Ht3

Taotal or pverage 1. . . 1,30

, ‘%E%?c*?m*?ﬁ&“m %g%fﬁé% &"@.ﬁ;’:’&”&iﬁ‘i“%&? &ﬂ%f?&%“-‘.‘f‘mﬂ:? & trace of the parasits
wea found [t has been credited with 1 per cent, - - ’
' The term summer parasitism is used in the heading of Table 31 fo
denote that the host is attacked in the spring, end that the parasite
develops and issues during the same sesson. It is used im contrast to
the parasitism which takes place in the fall, shown in Table 30, of the
ceterpillars whick are to hibernate. The average parasitism by Comp-
siiura for all of the towns was only 26 per cent, but there are several
locations represented where the parasitism was considerably highér.
The data shown in the table are typical of those which are gatheréd
-each year from & similar list of towns. ' :
A summary of the data which have been cbtained from similar
collections made each year from 1916 to 19827 is given in Table 32,

TasLe 32.—Summary of date oblained from collections of large brown-lail-math
larvae, 19161997, inclusive :

Averngo pﬂmnta%o of parasitist caused
. ,’-—-

Compst | geyema | Carcelia
Imtﬁ- nlidicola | laxifrons

=

-
I=I TR =

Pra BB aER

t Brown-tall-moth caterpillars wers dissected to determine the degroe of parasitiam. Tho otker data wore
secired by rearing the parasite.
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Most of the collections have been kept in trays (ig. 19, 0}, to
recover the parasite, but during the lest few years a part of many of
the collections have been dissected. The latter method is more
desirable, for the caterpillars are put in a preservative as soon as
they ere 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 resuits are obtained. Also, the handling of
large numbers of brown-tail-moth caterpillars or pupse is avoided,
whenever possible, because of the extreme irritation caused by their
hairs to the operators.

CARCELIA LAXIPRONS Vileneuve

The tachinid Carcelia laxifrons Villeneuve has been referred to in
. previous literaturs in this country es a brown-tail-moth parasite
under the name of Parexorisia chelonize Rond. In 1923 R. T.
Webber, while consulting with J. Villeneuve at his residence in a
suburb of Paris, was t.olg by the eminent dipterist that the brown-
tail-moth parasite which was imported as P. ehelonize Rond. was not
that species but an allied one known as Cuarcelia lazifrons Vill. A
few weeks later the junior author and Mr. Webber were privileged to
see the Rondani coliect.ion of Diptera at Florence, Italy. Here was
found the type of (Ezorista) Parexorista chelonice Rond. Mr.
Webber’s examinstion of it preved without doubt that it is not the
brown-teil-moth parasite which had been introduced into this
country.

Carcelia laxifrons has a single generation annually on the brown-

tail-moth caterpillars, and is not dependent on any other host. It
appesrs to be established in this country but has not been one of
the important parasites of the brown-tail moth here.

Foreiy DISTRIBUTION AND ABUNDANCE

This species was often reared from collections containing full-fed
caterpiliars 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 that this parasite is one of the most
abundant of the brown-tail moth parasites in Europe.

Lire History anp Hasirs

Carcelia laxifrons has its counterpart in this country in what
Aldrich and Webber (1, p. 31, 32) have designated as Zenillia chelonias
Rond., & common parasite of Malecosoma americana Fab. and M.
dissiric Hilbn, The two flies can not be distinguished but have
different biological habits, Thompson (14, ». 299) was able to mate
maeles of the foreign race with American females. These females did not
attack the brown-tail-moth caterpillars readily and when they did
there was usually no reproduction. In 1924 & few puparia were
obtained from American tent caterpillars, and s few from brown-
tail-moth caterpillars. These were carried through the winter at the
Iaboratory, ang during the early summer of 1925, when the flies
omerged, they were induced to attack both hosts: reproduction,
however, occurred only in their natural host. A more extemsive
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outline of investigation was planned for 1926, but becsuse 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 earried 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 mmoth deposited 502
eggs on brown-tail moth caterﬁi]iluars, 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 hiber-
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 drop to the ground,
where they pass the winter in their pupsria, W. F. Sellers, of the
gipsy-moth f;boratory, has observed that the Carcelia which issue
from the brown-tail moth emerge in the spring sbout a week earljer
than do the parasites of the American tent caterpillar. He also
obtained a record of Cercelic lazifrons and Compsilura concinnate
- maturing within the same host,

INTRODTCTION AND COLONIZATION

This species is relstively easy to introduce, and the many diffi-

culties encountered in hibernating 8. scufellate snd P. egilis have
not been experienced with Carcelin. The maggots within fhe
puperia withstand dry conditions in trays or boxes which wouid
cause & heavy mortality to either of the other species, It has been
received for colonization by collecting full-fed and pupating brown-
tail-moth caterpillars in Xuropesn countries. These were packed
with foliage in small wooden boxes sbout 8 by 4 by 3 inches, and
sent here by mail or express. It was first received in 1906 and
colonized in unsatisfactory numbers the same year. In 1807 it was
colonized more satisfactorily, and in 1908 more flies were liberated,
many of which had been mated previous to liberation. Only & few
were liberated in 1909, but in 1910 several thousand adults were
liberated. A total of 9,742 Carcelic lexifrons have been liberated
in New England.

RECOVERY AND DISFERSION OF CARCELIA LAXIFRONE

After the liberations of mated adults in 1908 this species was
recovered in s number of collections of brown-tail-moth caterpillars
and cocoons which were wade at the sife of the colonies liberated
earlier the same season. In 1909 it was recovered again in rather
large numbers, showing & considerable increase and & rapid rate of
dispersion. In 1910 and 1911 it was not recovered and wss con-
sidered lost. For the next few years it was recovered very spar-
ingly, but by 1916 it had 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 Compsilurs, are given the data which have been obtained
in regard to the abundance of this species. In Table 31 are shown the
data gathered in 1923, and Table 32 shows & summary of them from
1916 to 1927, Thess records show that the specie:rﬁas not been s
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 parasitized by it. Another good
record was obtained in 1923 when 22 out of 100 camzpillars 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 s an enemy of the brown-tail moth here. Its dispersion
has been very rapid and it has been present for severel years over
the territory infested by the brown-tail moth. Occasionally acollection
of brown-tail-moth caterpillars shows quite an appreciable smount
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Fiq, 8. —Eupteremalur nidulons. Aduil female, %72, (Howard and Fiske)

of parasitism csused by it. It is thoroughly established and may
become an important parasite of the brown-teil moth at any time, as
it is one of the principal enemies of this insect in its native home,

PUPAL PARASITES
EUPTERCMALUS NIDULANS Foerater

Eupteromalus nidulans Foerster is the species described in the
earlier publications of the gipsy-moth lsboratory as Pteromalus
egregius Foerst. (21, p. 28). It hasseveral generstions each year and
in New England is of doubtful value a3 a parasite of gipsy-moth or
brown-tail-mothpupae. At times during its history in the United States
it has been found sbundant 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 beneﬁciﬁ habits it is often found acting as s parssite of
several braconids, particularly A. lacteicolor.
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ForgicN- DISTRIBUTION AND ABUNDANCE

" Bupteromalus nidulans (fig. 54) is found over much of Europe,
and has been reared at the gl?sy-moth laboratory from brown-tail-
moth webs. collected in the Netherlands, Switzerland, Russia, and
Jepan, and from many parts of France, Germany, Czechoslovakia,
Austris, and Hungary. Aduits were recovered from many places in-
quantities which suggested great abundance of the species at these
locations in Europe.

" L BisToRY AND HaRITs

Eupteromalus passes the winter as a mature larva in the hibernating
webs of the brown.tail moth in the pockets with the caterpillars.
(Fig. 55.) Tt also passes the winter as a mature larva within the
coceons of some of the Braconidae. The adults issue in May. They
are sturdy little parasites and will live several weeks in confinement 1f
supplied with a small quantity of moisture. There are several genera-
tions during tke sum-
mer, each one requir-
ing from two to )
weeks. 'The adults
oviposit freely in &
laﬁle variety of soft-
bodied insects and es-
pecially in the cocoons = !
of Apanteles. - .

In the fell the aduits |
often enter browntail-
moth webs and oviposit
on the caterpillars.

Befors depositing its

egg on a caterpillar the

female usually pierces

the caterpillar ;ﬁt.h its

ovipositor, rendering it -
uiescent, and some- “.“c;f&:d"%'}m'aniiu.;ﬁﬁhnﬁrﬁ:’.,’&“I‘“fnﬁﬁ'&“m

times fatally injuring ¥

it. The larvae feed externally on the small caterpillars within the

webs and there pass the winter as full-grown lervae. In the spring,

within two weel?s after the caterpiliars begin feeding, the parasites

have become matured and the adults leave the webs. _

Species of Apanteles seem to be favored as summer hosis and those
with delicate cocoons suffer more than the species which have to h
ones. A. melanoscelus is only rarely sttacked, whereas 4. lacteicolor
and several native species suffer to a considerable extent. It does not
attack the puparia of tachinids to any appreciable degree.

INTRODUCTION 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
escn({m except into the numerous glass tubes inserted in the upper
third of the boxes. The adult parasites issued from the brown-tail-
moth webs and entered these tubes, from which they were removed.
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From about 100,000 webs received during the winter of 1905-6,
approximately 40,000 Eupteromalus were reared. These were liber-
ated in several colonies wiere the brown-tail meth was very sbun-
dant. During the winter of 1906-7 another 100,000 brown-tail-moth
webs were received from various European countries, from which were
colonized sbout 40,000 more adulis of this species. The large for-
eign web collections were continued durin% the winter of 1907-8,
but as the species had not been recovered from the previous libera-
tions it was decided to handle part of the material in a different men-
ner. 'The first webs to be received during the winter were placed in
the laboratory to induce the Kupteromalus to issue early. The adults
obtained in ?é.is manner were supplied with freshly collected brown-
tail-moth webs. The parasites entered them immediately and within
three or four weeks a new goneration was developed. The rearing
work continued throughout the winger. Early in March, 1908, the

rogeny of 100,000 Eupteromalus in American webs were ready for
Eberation. These webs were divided into four equal lots and Ka_ced
in large perforated boxes which were then set out, in four widely sep-
arated localities, and the parasites were allowed to escape 8s they
issued. It was estimated tﬁat 200,000 were liberated in this manner,

Other American brown-tail-moth webs which had been parasit-
ized in the same manner were placed in cold storage together with
some of the foreign webs. These were removed to the field in the
early fall of 1908 when the new webs were being constructed. It was
estinated that about 50,000 Kupteromalus issued at this time.

During the winter of 1908-9 snother lazge Iot of Eupteromalus
were bred in American webs. They were held in cold storage during
the early summer of 1969 and liberated in the fall in one large colony
estimated to contain 200,000 individuals. The following summary
shows the number of this species which have been colonized in New
England: In 1906, 40,000; in 1907, 40,000; in 1908, 250,000; and in
1909, 200,000; making & total of 530,000 individuals.

CoiLecTions oF Brown-Tarn-Morz Weas o Dereramine Tae SraTUs or THIS
SpeciEs

During the years when this species was being liberated, and for &
number of succeeding years, large coliections of brown-tail-moth
webs were made each year at the colony sites and at various distances
from them to determine the effectiveness of the colonizations and the
dispersion of Eupteromalus, During the later years of the parasite
investigations webs have been collected each year from many loca-
tions in connection with the studies of the several parasites which the
hibernating caterpillars contain,

No trace of Eupteroraalus was found ia 1906 or 1907, but in 1908
it was found abundant during the summer, at the places where it
bad been liberated earlier the same season. In the early part of the
winter of 1908 it was found as a mature larva in the webs, proving that
it had at least passed through the summer successfully. In the fall
of 1909 many Eupteromalus larvae were found in the webs collected
irom the site of the large summer liberstion of approximately 200,000
parasites. The web collections made in the fall of 1809 from the
sites of the 1906, 1907, and 1908 colonies failed to produce the par-
asite during the winter of 1909-10. During the summer of 1810 it
was. not recovered and appeared to be lost, but it appeared again
in Decamber, 1910, and in tEe first part of the winter of 1911 in brown-
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tail-rnoth webs collected from numerous places. For several years it
continued to be found in the webs, It has never been very aburdant
but its disgarsion was very rapid. As eatly as 1916 it had spread over
practically the entire area infested by the brown-tail moth. -
Table 33 shows the status of Eupteromalus from 1908 to 1915.

Tanie 33.—Increase of Eupteromalus nidwlans in New  England; 1908-1915,
' " inclusive : ’ :
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These data are only a few of the typical ones which have been
obtained in regard to the abundance of this parasite. After 1916 it
graduslly became less abundant in the hibernating webs and durix
the last few years nsually less than 10 specimens have been obtain
from all of the brown-tail-moth webs examined. There was & slight
increase in the abundence of Eupteromalus in the webs examined
during the winter of 1926-27 as shown in Table 30. Itisprobable that,
itisalready established well beﬁond the brown-tail-moth dispersion line
for it is not dependent on this host. No attempts to recover it beyond
this line have been made. Although its dispersion has continued to’
increase, its sbundance has matenally decreased during the last 10
years, except for s slight increase in 1927.

VALUE 6F EUPTEROMALUS NIDULANS

There is not o great deal to be said in favor of this parasite. Even
in the years when it was recovered in some sbundance the percentage
of hibernating caterpillars which were destroyed by it was not lar%f‘
Tt seems able to work only in the most easily entered pockets 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-tail-moth parasite its apparent preference
for braconid cocoons is to its diseredit. The recent discovery of its
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feeding on hlbematmg satin-maoth ca,t,emﬂlars offers; for the preaent .
at least, a hope that it will find this svecxes more to its hkmg

TOTAL COLONIZATION OF GIPSY AND BROWN-{{'AH. MOTB- '
PARASITES AND PREDATORS

The colonization of the different introduced parasites and redators
of the gipsy moth and the brown-tail moth are summarized i Table 34.

‘FAuLE 34— Foreign enemies of Porthetric dispar :md Nygmia pkaeoﬂ'hoea liber-
ated in North .éf

1",“{,';3?’ Number subsequently Ilbemtaa_'
o o .
By | Byw :
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of forelgn | froduo o Qs dy““‘Fm. Erglang.
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Apanieles liparidiy Bovehd . ___.._ 7 37,370
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Bpeclis namies set in hold-face type nre pasith'&iy mfablished. Speciss narves set in italiics have been
received and liberated during the recont forlzy investigations.

¢ From a beginning of 298 individuals,

1 fome doubt as 1o this species.

! Bome of these Careelin gnara Maigen.

{ Some of this number ware obtained by reproduction work with forelgn and establishad stock,
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T Includes some of multibrooded taskinlds Hberated from 1008 to 1007,

¥ Mostly Tackinda lgrearum in 1820,

¥ Number of loreign stock recelved 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 spreading, 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
1t possible to handle them in large numbers. The other species spread
more rapidly, and it has not been necessary to colonize them so
extensively. Many of the species have been increased from relatively
fow individuals. Of the 47 species liberated only 15 are known to be
positively established, and of these only 9 or 10 appear to be of impori-
ance in New 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 esteblished.

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 tachimds
have been reared in limited numbers from both the gipsy moth and
the brown-tail moth: Taching melle Wslk., Achaeloneura frenchii
Will., Phorocera claripennis Macq., and Zenillia blande O. 8. Gonia
capitate De Geer, Phorocere pachypyge Aldrich and Webber, and
Phorocera saundersic Will. have been reared from the brown-tail
mothk only. Native Hymenopters are reared from these two insects
in New Englend about as frequently as the native tachinids. Some of
these hymenopterous parasites are of doubtful value, asthey frequently
interfere with the efficiency of the imported species. Irichogramma
minutum Riley is often recovered in small nurabers as an egg parasite
of the brown-tail moth,

Among the predacious enemies of these insects Kirkland (in 13, p.
393) found that the Heteropters were of some importance. The sentor
anthor (2) recorded several Carabidae feeding on the gipsy moth, and
in 1808 (3) reported one of the dermestid beetles destroying & few
ege clusters of the gipsy moth. Although dermestids are occasionally
observed in gipsy-moth egg clusters in this country they have not
been so important here as they sometimes are in Europe.

During the summer of 1925 Dermestes lardarius L., a cosmo olitan
species, was found in considerable abundance at Belki, Czecho-
siovakiz. P.B.Dowden snd A. Ogloblin, who assisted him in conduect-
ing the gipsy-moth rearing work there, found the grubs of this insect
feeding freely in & great number of freshly laid gipsy-moth egg clusters.
Tt was estimated that at least 50 per cent of the egg clusters in some
parts of the infestation contained the grubs of this beetle, and that
they were actually eating the eggs was determined by careful examing~
tion. A few feeding experiments were conducted which verified these
observations. The abundance of the insect is illustrated by the fact
that 1,000 specimens were collected in a single day although usually
only one grub was found in each egy cluster.
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The junior author and R. T. Webber on several occasions have
reported seeing gipsy-moth infestations where practically all of the
egg clusters had been destroyed and only the heirs which outlined them
remained on the tree trunks. Such conditions were seen in Yugo-
slavia, Rumonia, and HMumgary. In the light of Dowden’s obser-
vations it seems probable that these infestations had been cleaned up
by dermestids. C.F. W. Muesebeck is making further investigations
of %\e life history and habits of dermestid enemies of the gipsy moth
1n urope.

Occas?onally spiders destroy the caterpillars of the gipsy moth and
the brown-tail moth. Nematodes are reared somefimes from the
caterpillars of the gipsy moth and mites have been recorded as destroy-
ing their eggs. KForty-six species of birds have been recorded (16)
as foeding 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 from starvation.
When conditions are suitabls the wilt discase of the gipsy moth and
the fungus disease Fnfomophikore aulicae Reiche of the brown-tail
moth occasionally become epidemic, and enormous pumbers 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 and hibernating brown-tail-
moth caterpillars.

Notwithstanding the natural mortality of the gipsy moth and the
brown-tail moth caused by native parasites and predators, unfavor-
nble 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
enemtes from abroad and the vigorous use of hand messures 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 cencerning the imported natural ene-
mies of the gipsy moth and the brown-tail moth reviews briefly their
status in America. Although intensive work hes been carried on for
many years there are siill numerous problems connected with the
utilization of beneficial insects that require investigation and inten-
sive study. Work of this kind in this country must be correlated with
corresponding investigations abroad. A pood 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 estremely benehycia] and have saved the forests
of New Engiand from destruction. From 1805 to 1916 the severity of
forest defoliation showed no decrease in intensity, In many areas the
greater part of the trees most subject to gipsy-moth attack were in
& dying condition or had been salvased by cutting, Foreign natural
enemies were being introduced and [iberated in substantial numbers,
and field recoveries showed that many of the species were becoming
established and increasing. Trom 1920 to 1924 the acreage defoliated
gradually decreased until during the latter year few completely
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defoliated areas could be found. The combined percentage of par-
asitism by all 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-motg egp 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 New Hampshire and Maine. The parasite population was
at a low ebb in 1925, There was a slight improvement in 1928 and a
noticeable increase of seversl 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 barrier zone in western New England and
castern New York free from infestation flie contiguous territory easi-
ward must be kept in good condition. _

Artificial methods of control can be employed satisfactorily in cities
and towns, and although the expense of operation is rather high, they
serve a useful purpose and assist in bringing sbout the control of the
insect. In large forest areas, however, natural control by parasites
and the elimination of favored food plants by thinning are the only
methods that can be used without undue expense. 1t will be seen
that the success of the parssite work is one of the essential factors
in preventing the spresd of this pest.

The brown-tail moth is destructive, at 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 paris of the
infested area the increase of the species has been hindered by unfav-
orable 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 introduetion—the most Intensive and
extensive that has ever been tried,
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