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IMPORTED PARASITES OF THE EURO:
~* PEAN CORN BORER IN AMERICA °
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Associate Enlomologist, Division of Cereal and ;F'oragre Insects, Bureau of Entomology
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THE REASON FOR PARASITE INTRODUCTION

The status of an insect in its nativiz babitat is the result of years
of natural selection, the struggle agairi:t enemies and diseases, and
the varyiag abundance or scarcity of its food. Many other factors,
more numerous than ean be fully realized, influence this struggle for.
survival that is waged by a given species; and one of the most wonder- -
ful things in the world is the interrelation which obtains among these
many varying factors arnd the manner in which a single insect species
reacts to each faetor. LT :

¥hen an insect is carried t0 a new country it faces new conditions.
Some of these tend to stimulate and others to retard its increase. In
other words, the forces that operate in preserving the balance of nature
begin to work. If in epite of its-novel environment the insect in-
creases rapidly enough to affect economic conditions adversely, the
repressive factors which are apparently wanting must be sought by a-
study of its natural control in the countries where it has been -present
for centuries.

In most cases an important missing factor iz found to be the
beneficial parasites which live and propagate at the expense .of their
insect hosts. These must be imported and established, if possible,.
to augment the natural centrol of the introduced pest in its new
environiment.

6416°—29——1
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Percentage of parasitism of &n insect pest in its native home,
as compared with the parasitisih of other insects by other parasites,
may be no indication of the part the particular parasites are piaying in
the preservation of the normal balance. If a host insect is largely held
in check in its native home in the absence of very high percentages of
parasitism, and damage by it is slight and rare, the natural balance
may be considered nearly perfect. In such cases, however, parasife
importation is just as important, and may be more important than
in cases where the parasitism is high, for the factors responsible for
the excessive increase of the host in its new home may cause a ¢orre-
sponding increase in its parasites. -

The objective in control by the use of parasites Is to prevent the
peaks of reproduction from rising beyond the normal and thus keep
the host insect down to a point where it remsins of little or no
economic importance.

THE ORGANIZING OF THE CORN-BORER PARASITE PROJECT

The Bureau of Entomology undertook the European investigation
of the corn borer, Pyrauste nubilalis Hbn.,, in the fall of 1919.!
W. R. Thempson was put in charge of the work, and special eraphasis
was to be directed toweard the careful study of, and the collection and
shipment of, the most promising parasites.

A pargsite department was slso established under 1. J. Caffrey,
who was in charge of the buresu laborstory at Arlington, Mass.
There the primary objests were the reception of the parasites and the
securing of the development and liberation of the selected species.
Both the home and foreign laboratories have increased their spheres
of activity and scale of work. An increasing amount of parasite
work, directed from Arlington, is being conducted at the corn-horer
laboratories of the bureau at Silver Creek, N. Y., Sandusky, Okio,
and Monroe, Mich. Cooperation is fostered with Canadisn workers
under A, B, Baird, of Chatham, Ontario.

THE TMPORTANT INTRODUCED PARASITER:

Of the species of parasites encountered in European investigations,
10 have been considered of sufficient importance te justify their
importation into and liberation in this country. ‘They are the fol-
lowing: In the Tachinidee, Masicera senilis Rond.? and Zenillia roseanae
B. & B.; in the Ichneumonidae, Fulimneria crassifemaur Taom.,? Dioctes
punctoria Roman?® Ereristes roberator Fab.? and Phasogeres planifrons
Wesm.?; in the Braconidae, Microbracon brevicornis Weasm., Micro-
‘gaster tibialis Nees,® Apanteles thompaoni Lyle, and Macrocentrus
abdominalis Fab. _
The numbers liberated and recoveries are shown in Tables 1 to 7

pp. 24 to 27. | V
) FMASICERA Sﬂm ROGND, ¢

The tachinid fly Masicera senilis depnits living larvae on.the food
plant, close to & corn-borer tunnel or a point where the borer is feeding.

| TgoMpsoN, W. R., and Parggr, H, L. THE EUROFEAN CORN BORER AND JTS CONTROLLING FACTORY
1% gyrorE, U, 5. Dept. Agr. Tech, Bul. 50, 62 p. illus. 1928,

t For mote oxtended details, see THoursoN, W, ., und Parxes, 1. L. Op.cit.

1 These species have hean recovered after itberation in this country,

THouPSON, W, R, ON THE TAXONOMIC VALUE OF LARVAL CHARACTERS IN TACEINID PARAS:TES {DIPT.).
Faot. Boc, Wash. Troc. 24: (85103, illus, 1622,
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The parasite larva is capable of sesking its host for a short time, and,
if successful, bores its way quickly through the skin. It lives inside
the host larva until both are fully grown, killing the host usually in
the last instar, after which it makes its way out and forms a chocolite—' .
colored puparium, or pupal skin, from which the adult fly shortly
emerges. The seasonal history is somewhat irregular. This species
usually hibernates as a second-instar larva inside the corn borer.

ZENILLIA ROSEANAE B. & R

The tachinid Zenillia roseanae deposits living larvae as does Masi-
cerg senilis and is very similar in many other ways, although it is
apparently more restricted in its range in Europe. -

EULIMNERIA CHASSIFEMUR TEOM.

Eulimneria_crassifemur (fig. 1) deposits its eggs inside the hosts,
and in the laboratory seems to prefer third-inster larvae, especially
those feeding inside webs or corn tassels. The host is not killed until
it reaches fﬁl larval growth. Then the parasite bores out and spins
& tough cocoon in which it hibernates except in those environments
which produce two generations of borers. The same factors produce
two generations of Eulimneria. The time spent in summer cocoons
is short, whereas nearly six months is spent within the cocoons of the
hibernating generation. In Europe this species has a wide ronge,

DIOCTES PUNCTORIA ROMAN

Dioctes punctoria (fig. 2) is an ichneumonid which in most respects
looks and acts very much as does Eulimneria, the most important,
exception being that the winter is spent as a first~instar larva while
mside tie borer. Its range in Europe is limited, and it is most

effective in Italy.
EXERISTES ROBORATOR FAR.

Exeristes roborator (fig. 3); an ichneumonid segregate of the old
Pimpla group, pierces the cornstalks with its long ovipositor, kills
the host larva, and deposits its eggs on the body. The resulting
larvae feed externally, and only one individual completes deveiop-
ment on a host, although more may be present at the start. The
larval feeding stage is necessarily short. This species has several

enerations & year and hibernates as a full-fed larva in the corn-
gorer tunnel, protected by a thin but tough cocoon. In Europe’ this
species has & wide range but is seldom important. Breeding methods
are explained later under the heading “Laboratory breeding methods.”

PHAEQGENES PLANIFRONS WESM.

Phaeogenes planifrons (fig. 4) is apparently a true pupal parasite.
The parasites search the tunnecls that the borers make in the corn
and apparently oviposit m the fresh chrysalids. Adults cmerge
shortly and live for long periods. They hibernate in the adult stage
and apparently parasitize the next generation of chrysalids. In
Europe the gecgraphic range is wide, but as a coro-borer parasite
it is most noticeabﬂ: in Ttaly. It has been recovered in Massachu-
setts in satisfactory numbers.

) I’I‘nourécs, W. R., and Tuompsox, M. C. STUNES 0N ZEFILLIA ROSEANAE B, & B., A PARASITE OF
THE RURQPEAN CORN DORER (PYRAUSTA NUBLILALS OB.). Ent. Soc, Wash. Proc. 23; 127-129, (lus, 1021,
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MICROBRACON BRREEVICORNIZ WESM.

The braconid Micrebracon brevicornis (fig. 5) attacks full-grown
larvae. - These are paralyzed, and from 10 fo 40 eggs are deposited
on eack. The parasite larvae hatching from these eggs feed exter-
nally on the motionless borer. They complete their larval develop-

Fia. t.—Eulimneria crassifemur: A, Mals, X 7, B, female, X 7

ment in from three to four days and spin white cocoons from which
adults emerge that are capab{e of reproducing or of hibernating in
this adult stage if winter approaches. At other stages they are not
capable of successful hibernation. This species is apparently widely
distributed in Europe, bui its value is questionable, except under
certain circumstances where corn is stacked in large areas throughout
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the winter. Apperently factors favorably influencing successful
hibernation do not exist here. Breeding methods for Microbracon

Fui, 2.—Disclex punctoring A, Mals, X 7; B, fomale, X 7

are explained and illustrated later, but continuance of work on this
speeies seems undesirable unless more factors in its faver can be
found.,
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MICROGASTER TIBIALIS NEES

Small borers, preferably those in the seécond instar, are selected for
ovipositing by Microgaster tibialis. (Fig. 6.) These host larvae may
be erawling free or in a feeding web. Although several eggs are some-
times deposited in the host, only one larva Ejlly develops in a single

borer. The parasite kills the host in the late fourth instar or the

4

FiG. 3.—Ezerister robarator: A, Fataale, X 57 B, male, X ¥

early fifth. This species, like several others, synchronizes its devel-
opment with that of its host and has as many genérations in a given
area as the corn borer. It should prove very valuable in this country.
It is especially valuable in northern France, but ranges south well
into Haly. Breeding methods are well worked out at the Arlington,
Mass., laboratory, as will be explained later,

APANTELES THOMPSONE LYLE

The life history of Apanieles thompsoni (fig. 7) is very different
from those of the other parasites of the corn borer. It spends the
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winter inside the living host, there being from 8 to 40 individuals of
the second instar within a single borer. These parasites kill the borer
in May and form their white cocoons. In this stage the species is

very sensitive to moisture. All emerging adults are females, and

Fi1G. 4.— Phacoyenes planifrons: A, blale, ¥ 7; B, fermals, X 7

these females reproduce freely, their progeny being always females.
This statement is based on the emergence from field collections made
during three years in Europe and on five complete generations bred
in the Arlington laboratory.

One thrust of the ovipositor suffices for the deposition of as many
as 40 egps. Third-instar borers are apparently most satisfactory for
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oviposition, but full-grown larvae or borers which have hibernated are
also parasitized. In order to oviposit, this Apanteles often enters
tunnels made by the borers. Ifs geographic range is presumably
limited, but it is especially common in borers found in weeds in north-
ern France. This species is being bred at the Arlington laboratory,
and its liberation in the more western States will be watched with
great interest.
MACROCENTRUS ABDOMINALIS FAB.

The braconid Macrocenirus abdominalis (fig. 8) also produces many
Enmsites per host. The winter is passed as a minute egg inside a
therating borer, and the resulting larva is ready by May to form its
cocoon. The adults mate readily, and in the laboratory the females
are found to prefer the small larvae under the feeding webs. Only one
eneration has been obtained under Iaboratory conditions, and there

1s much to be learned regarding this species.

k6, §,— Microbracon brevicornis: A, Male, > 7; B, fomale, > ¥
"
OTHER SPECIES

In addition to' these 10 species, several miscellaneous species of
primary parasites have been reared from the corn borer in Europe and
from those imported to this country for parasite work at the Arling-
ton laboratory. None of these have occurred in any great numbers.
They are presumably the result of oceasional attacks by parasites of
cihee stalk borers which have not developed to a point of specializing
on Fyrausie nubilalis.

LABORATORY BREEDING METHODS
EXERISTES ROBORATOR

W. R. Thompson, in charge of the parasite laboratory at Hyéres,
France, solved certain fundamental problems in breeding Exzeristes
roborator. Ris technic was modified and improved to get better co-
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ordination. Where Doctor Thompson had used lantern-globe cages,
the writer and his associgtes gradually developed a compsartment cage
fiz. 9) with which the work could be eonducted efficiently and speed-
ily. Furtherimore, this cage provided better living.conditions for the
parasites, Mating was satisfactorily brought about with this species.

F16. 6.—Microggster tibiulle A, Male, X 7 B, fpmala, X 7

" In fact, the males could be, and were, removed after several days as
superfluous. By placing host larvae and sugar water in the only
light part of the cage, the attraction of the light was utilized, and &
pface for oviposition and feeding was constantly at hand. The back,
of the cage was made of removable strips, This afforded an opportun-

6416°—29——2 :
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ity for cleaning and handling material in three compartments at the
same time, phototropism mesnwhile olding the adults in the front
of the compartments. In easch section were two pieces of cotton wet
with sugar water and a supplementary food supply of freshly killed
borers pinned to a piece of corn pith.

In nature F. roborafor locates the borer, pierces the plant with her
ovipositor, and after stinging the borer to death lays her eggs on it.
Following Doctor Thompson’s method of imitating natural conditions,
sections of corn pith are hollowed out and & number of freshly killed
borers put into this artificial tunnel. The tunnel, or groove, is then
covered by a wrapping of wheat-straw paper fastened with small
rubber bands. When “loaded,” this section of pith is placed in the
lightest part of the cage. The next day it is removed and s fresh one .
substituted.

The young of Ereristes roborator are camnibslistic, and only one
parasite completes development on s single host. The pith sections
are, therefore, opened (fig. 10), and all the eggs are removed (a camel’s-
i : hair brush being used for this

purpose} and pfa.ced tempora-

rily on & glass plate. (Fig, 11.)

As many corn-borer larvae as

there are parasife eggs Imme-

diately available are then killed
by mesns of hot water. Count-
less experiments have been con-
ducted which show that the kot-
water method is preferable to
other methods, Subsequent ex-
periments showed that the exact

temperature and time of im-

mersion required to obtain the

best results was 52.5° C. for
. two end onehslfl minutes,
* This is a delicate and critical
.~ operation, as the previous stor-
age condition and development of borers used may cause variation in
the degree of tempersture necessary to get proper killing. The kill-
ing point must be barely passed, since immersion beyond the oxact
time coagulates the body contents,

The dead borers, with one egg placed on each one, are thea put
into small individual shell vials. Racks have been developed for
holding these vials in & tray at an angle of 45°. (Fig. 12.) These
racks are put into the trays with the vial openings of each row facing
those of the row adjacent, and ecotion strips are placed between the
rows of vials. The weight of the fray next above forces the cotton
tightly against the vial openings, thus nisking unnecessary the use
of individual cotton plugs. The parasite egg hatches in about 24 hours,
and the resulting larva feeds on the dead borer. A moist, warm
atmosphers is best for its development. A second borer sometimes
must be furnished, but usuelly this is not necessary if temperature
and time of immersion have been accurately gauged. :
. When it has finished feeding the young parasite spins a rough
cocoon attached to the glass vial (fig. 13), and it is then set aside for
hibernation, future breeding, or liberation, When the parasites are

Fia, ¥.—Apanteies thompsoni, femnle, X 7

-
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intended for hibernation the visls are packed in small eardboard
boxes and kept at 8 temperature below 40° F. and at approximatsly
95 per cent humidity until it is desired to use the parasites for bréed-
ing or liberation. o
When it is intended to liberate the emerging parasites these boxes
are placed in an emergence cage, darkened except for i.detachable
section which is light. The emerging adults come to this light section
end find themselves in a large Wéﬁ-ventilated compartment. where
they may move freely and mate. Two of these light compartments
are available, and each day one is removed and the empty one put
in its place. If this section is properly placed, phototropism holds
the parasites in it until & cover can be put in place. A further oppor-
tunity to mate is given, and this detached section is taken to the
field, where the cover is taken off (fiz. 14) end the parasites are

H

FiG, 8.—Macrocenirus abdeminalis, male, X 7

allowed to escepe. Careful estimates are made of the number of
adults liberated each day. An accurate emergence count is possible
by this method only at the end of the emergence period by exarmina-
tion of the total number of vials nsed in the eage. This accurate
total fizure, when checked against the daily estimates and prorated,
gives approximately the number for each liberation point. Any
slight inaccuracies are preferable to the risk of having the adults -
imured or improperly mated for the sake of the more accurate counts
which would be possible by other emergence methods.

The matter of washing shell vials was a problem in itself. The
method finslly adopted was to pack them in wire racks (fig. 15), boil
them in a solution of lye, rinse with a hose, boil again in the best
laundry-seap solution, and rinse thoroughly in hot, clear water.

Both Exeristes and Microbracon parasitize full-fed host larvae.
Fortunately these host larvae could be collected at a period when
they nc longer required food, and methods could be worked out for
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building up a reserve supply.  They are placed in wire-sereen cages

hetween folds ol new spaper and stored in a moist, cold ﬂ.tll‘lObphL‘lG
MICRGBRACON BREVICORNIS -

Microbracon brevicornic, ov fabrobracon brevicornis, as it was
formerty ealled, presented a comparatively simple problem for small-

gk g ‘“"'Wﬂ'}_‘{.

DU

Fui —Comparimenlt cace for Exerisies, viewer! through (e glass frout.  #alks (b contain torers,
X 43

scale breeding,  Paul Genieys ® under Doctor Thempson at Hyéres,
France, worked out the details of its life history very carefully.
Methods enabling large-seale production of this particular parasite
were develeped in 1921 and in the early spring of 1922, at Avlington,
\I HERS

GIENIRYS, P, INAROBRATON BEEVICORNIS WESM. Aun. I‘n[ #oc. Amer. l‘i' [13-202, :IItlw La2a
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Mating was a critical point in the breeding work. Unmated
females of Microbracon deposited eggs, but the resulting offspring
were always males. Seven types of cages [or mating the sexes were
tried under identical conditions. TFemale progeny from the three
best types of cages (fg. 16) averaged about 2 per cent in 21 by 17 by
5 inch cages, 7 per cent in 4 by .

1 inch glass vials, and 13 per
cent in smaller homeopathic -
vials. The experiment with
the homeopathic vials was con-
tinued {fig. 17), and it was
found that by appertioning 5
females and 10males to each vial
the percentage of female prog-
eny was raised to 17. Temper-
ature change slone raised the
rate from 17 per cent ot 60° to
70° F. to about 40 per cent at
a constant tempernture of 85°
F. Keceping the sexes separ-
ate for 24 hours before mating
resulted in o still higher per-
centage of female offspring.

While the mating problom
was being studied, many reac-
tions, habits, and peculiarities
of the parasite under different
conditions were noted. Adult |
females stung the host larvae .
until the latter became motion- -
less and then fed repeatedly at
the puncture holes. Artilicial
food prolonged somewhat the
Iife of the purasies, but when
s frequent, regular supply of
host larvae was furnished the
blood of these alone was suffi-
ciont for the females. Artificial
food was necessary to prolong
the life of the males for more
than four or five days, but with
suitable mating methods results
were obtained before the expi-
ration of this period, so that
finzlly no arfificial food had to
be given to either sex.

Homeopathic vials proved difficult to keep clean, and parasites were
often injured in removing the cotton plugs, as too much silk was spun
by the host larvae near the plug, and several other disadvantages
existed. Other small containers were experimented with. Glass-
topped stender dishes (fig. 18) were found ideal in every way and
were handled more than four times as quickly as the homeopathic
vials. The vials are still used to bring about mating, but stender
dishes have supplanted them for actual oviposition.

Natural slze

Fig, 10,—Corn-pith sections with the paper removed, showing dead borers and the eggs of Ryeristes roborator.
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Experiments were conducted to determine the proper number of
perasites and host larvae for each stender dish and the time neces-
sary for a suitable average egg deposition. Forty eggs or mors per
host produced nothing, or at best but undernourished progeny. On
the other hand, an insufficient number of eggs used up the supply of
host larvae too fast. An average of 20 eggs per host produced good
results, and three Microbracons and two corn borers per stender dish
gave g suitable average over 24-hour periods.

Host larvae on which eges have been deposited (fig. 19) never move
again. Advantage of this fact was taken to remove them to a glass
plate or cardboard, and no detriment to the parasite larvae resulted.
The female Microbracons, therefore, eould be left constantly in the
stender dish and two fresh borers substituted each morning when the -
parasitized ones had been removied. A fairly moist, warm atmos~
phere during the larvsl period gave the best results. As soon as the

. ! short feeding period was
finished the parasite larvae
attached their cocoons firm-
Iy to the glass or cardboard.
(Fig. 20.} When the larvae
had thus packed themselves
in their silien cocoons at-
tached to the cardboard,
the whole strip was imme-
dietely shipped. Upon ar-
rival at their destination
they were usually still in
the cocoons and in good
condition, but ready to
emerge for mating and lib-
eration.

The sexes are easily sep-

arated for mating by allow-

. _ g adults to escape from

Fia. 11.—Eggs of Exeristes on a glass plote.  Natural size. the emergence cage 1nto n

shallow open cage-with its

gless back toward the light, (Fig. 21.) Phototropism holds the

adults in ths shallow cage, and the light background enables one to

distinguish the ovipositor of the female and to note differences in the

antennae of the sexes. When touched with a camel’s-hair brush the

adults drop or fly downward and are enught in homeopathic vials for
mating, as previously explained. ’

PRESENT STATE OF THE WORE WITH EXERISTES AND MICROBRACON

There has been but little change since 1923 in the methods devel-
oped at the Arlington, Mass., laboratory for breeding the two para-
gites just trented. After 28,991 Exeristes and 1,054,400 Microbracon
had been liberated, breeding stock and instructions were furnished to
A. B. Baird, of the Dominion Corn Borer Laboratory, at Chatham,
Ontario, the Microbracon in 1923 and the Exeristes in 1924,

In the following three years Mr. Baird bred and liberated ap-
proximetely 120,000 Exeristes and 2,500,000 of Miecrobracon for the
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Fig. 12—Trays ubd racks holding vials containing Exeristes Inrvae, A single rack holding the
pazesitized corn-horer Iarvae 38 shown At A

Fig. 1.—Cocoous of Excristes roboralor in shell wials, About natgral size
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conirel of an infestation of the corn borer, giving them an excellent
test in an aren in whielu it has but one generation per vear”

No work has been done at Arlington with the Ixeristes since the
spring of 1926, but both specics are being bred ab the laboratory at
Monroe, Mich., in the one-gencration area; and [urther work will be
carried on only for liberations under new conditions of climate or
agriculturel practice unless more favorable factors appear.

Furi 1= - LEHseration cume, 3 et aeliable asction of emerzenes e with the caver retwoved Lo dlow
Lhe Eserlsles pansites to eseape. Phis netho is stlsg eroployed inthe andhing of uthier prrasites

MICROGASTER TIBIALIS

AMicroguster {ibiulis, as has been explained, deposits eges inside
corn-borer larvae of the second instar, but the host continues to
feed normally until the parasite larva gradually weakens it.  Death
does not, as a rule, ensue until about two weeks after the egg is depos-
ited, although colder weather, which retards the host, also retavds the
development of the parasite. Large-scale breeding operations entail
not only the probletns furnished hy the parasite but also the difllicult
matter of providing satisfactory host larvae.

In order to secure host larvae for parssitisin by Mierogaster,
Apanteles, and certain other parusites requiring immature borers,

THINEDN, AL INTERSATIONAL ESTOMULINY - RETROSPEITIVE ANT PROSPECTIVE, Jour. Feon, Kol
20,57, quay,
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Fra, i —Thren Lypes of matiog eages used in bresling Microbracon brevicorniss n large hox coye,
wrd twosheli-cial cuges resting on the glass cover of the large coge. The best resnits were obiaio
in the smyller vial
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adult moths arc put in a cage lined with screen gs shown in Figure 22,
with wet cotton kept on the bottom for pecessary moisture. The
cege has & small hinged door for introducing the moths, and three
narrow slits cut in the top of the cage. Sheets of waxed paper are
inserted in these narrow openings. The moths deposit egg masses
freely on the waxed paper, but not on the screen or wet cotton.

Wi 15, = Migrotrucon brevicaraiz mating i small vials

The papers are removed each morning with eggs on them, and kept
warnl, moa very moist chamber. The ezgs are ready to hatch in
three days, and the papers are cut into pieces having approximately
a certain number of eggs. The best metliod so far discovered is to
place about 60 eges in o 2-inch homeopathic vial elosed with a cotton

plug, a third of a string bean being inelosed as food for the resulting

Fi. 18.~5tender dishes used for induclng rapitd aviponslifon af icrobracon brevicormniz

larvae. By the time the food should be rencwed the larvae have
reached the second instar and are ready for parasitism by Microgaster
and certain other parasites. Most of them arc ready to leave the
food and migrate of their own accord at this time. The cotton plugs
are removed and the vials so placed that the larvae migrate toward
the ight and into o glass-backed cage, indieated as A in Figure 23,




Do I,. e e B
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from which they can be.easily removed for oviposition in the cage -
marked “B.” Other methods are being experimented with which
probably will produce healthy larvae with less-trouble. :

It was very difficult to induce mating with Microgaster tibialis,
and since, without fertilization, males only are produced, this was

- very important. A certain small percentage of females mated under

varied methods of handling, but uniform success at unseasonable
times was not obtained until the sexes were separated and then
allowed to corie together in a large cheese-cloth cage; at a temperature
of 64° . Other things beinz equal, they mated far more readily
aft this temperature than st temperatures 2 degrees higher or lower.

F1G. 1g~ AMicrobracon breoicornia: A, Eggsl‘on pmgiyzed corn borer; B, larvae feeding on 8
WTRE, X .

Ninety per cent of the individuals often mate within a few minutes.
The mated females sre then caught in vials for breeding work.
The unmated adults are separated aud the sexes kept apart until
the nest day. Practically all the females mate within three days
under theije conditions. _
Mated: femsales are kept in small ca%gs with wooden sides, glass
fronts, and removable screen backs. The bottom of each cage is
conted inside with black enamel. From 10 to 15 females are kept
in each cage with loaf sugar for food and a piece of cotton wet with
water for moisture. Except during short periods when the inmates
ars feeding or ovipositing, the ceges are kept in & dark and cool
closet. For inducing oviposition a cage is set on a small banch, as
shown in Figure 23, B, with host larvae at the upper right {A);
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underneath, fresh vials containing cut string beans at C and a supply
of sereen covers; and a tray for vials of isolated parasitized borers
at the lower right (D). Parasitism is secured rapidly by placing
small larvae in the oviposition cege and removing them 83 soon s
an egg is deposited. The smoothly enameled bottom of the cage
facilitates picking up the borers. _

The object sought by this method of handling the parasites,
which was adopted after countless unsatisfactory attempts at.obtain-
ing bulk oviposition, is to make every possible host larva and every
parasite egg count. Cannibalism oceurs among borer larvae; hence
they. are isolated in small glass vials, with copper screen tops, and
with 2 section of string bean, changed after five days, to serve as
gfood. These visls are handled in trays designed for convenience and

Fic, 22—Cnpe deslgned for obtainlng corn-borer epea. At right,
]\'lirals vontniping pleces of waxed paper on which eggs have been
I

to save time in snbsequent examination, storage, and change of food,
and ere placed in an incubator closet. (Fig. 24.) :

APANTELES THOMPSONK

Cocoons of Apanteles thompsoni must be kept with a constant,
but limited, supply of moisture, otherwise few if any adults issue.
Those kept in a vial with a string bean, which constantly gives off
a small quantity of moisture, issued far better- than those placed
with or on various media artifically moistened. All adult Apanteles
of this species thus far secured are females and are very delicate.
They are fed and then placed immediately in a cool dark closet.
Each day they are brought out to ordinary room conditions, fed,
allowed to oviposit once in a corn borer—irom 8 to 40 eggs are
inserted—and returned to the closet. In this way they are kept
alive for three or four weeks. Host larvae used for this species are
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third instar, or larger, and are afterwerds handled as are those para-
sitized by Microgaster.

IMPORTATION, LIBERATION, AND RECOVERY OF THE PARASITES

_Tables 1 to 7 show what has been done along the lines of imporia-
tion, liberation, and recovery of parasites of the European corn borer.
Special stress has been laid and will continue to be laid on liberations

Fur, 25, —~Oviposition apparatus used with Mrerogaster tibinlis: A, Larvad sapply enge; B, ovipasition
cage; O, vinds containing siring beans; D, isolated porasitized borers

of paresites in the middle-western area. Many fsetors are present,
which are not apparent without very careful study, which influence
the selection and placing of the different species. Microgaster and
Eulimneria, which have a wide geographic range in Europe and which
should do well in the Middle West, pass the winter in their cocoons
and are imported in this stage. The greater portion so received are
forwarded to middle-western stations with cege plans and instructions
for rearing the adult parasites and mating and liberating them.

The great importance of killing all hyperparasites which may be
present in this field-collected material is explained very carefully
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and is strongly urged. During the winters 6f 1926-27 and 1927-28,
250,700 Microgaster and 60,000 Eulimneria were sent out under this
plan. The remaining cocoons were retained at Ariington for a more
careful study of the hyperparasites, to furnish sdults for breedi
work, and so the excess adults could be liberated in an area that ha
already proven favorable for their reproduction in the field.

Apanteles thompsoni should be liberated at every liberation point
shown in the following tables, from material bred in the laboratory

FiG. M. —Corner of Incusbator eloset for corn-borer parasites

at Arlington. Small liberations should prove veluable with thia
species, as only females are produced. Certain other species do not
ship satisfactorily except when- contained in living borers. This
difficulty prevents, at present, extensive liberations outside of the
New England infestation. Efforts will be made to devize methods
for handling these species. Certain species apparently are not fitted
for the climatic conditions existing in areas where the borer has only
one generation, but it is proposed to try even these in limited tests in
the western infestation.
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TanLe L—fmportations of Buropean corn-bover parasites from I taly and France !

Number of individunls of—

Corn- i
Borer Eulim-
lnrvae I nerin

Micro- | Exer- | Mlero- | Phoe-

Dlootesi procen | istes | guster | openes

58
290 10
87 450
168
T
T 83 2 2,043 9,978 1 1,401
19267 BG5S | 2,277 {14, 2,157 5440 1 5 005
19272 "1, 500,000 | 9840 ¢ 8,012 | 31,000 | 1140t 1 17,017 | 27,000

Total. 2,338, 223 | 15,361 | 10,340 | 57,8065 | 16,220 1,411 24,058 { 32,035 | 5,005
i

* Doctor Thompson's figares on importations ero nsed.  Sume of the fgures are necesearily estimates
based on dissection of harer larvac Ip Fronce. Totnls of kost larvge, Eullinnerin, Exeristes, and Micro-
aster,nranactual counts, Table 2 gives the more valusbie Informnation as to the ngmber of thise roceived
teve [g-condition to produce sdult parasites. Tho fgures for the year ended Junc 20, 1928, will upwoﬂ-
mnie those for 1027,

Tanik 2—Tolal Lberation of Buropean corn-borer parasiles, by years |

Recoveries indicated by nsterisk}

Nunibier of inli viduals ¢f—

Zenils | Mosi- . Bufme-] i Miero- { Esrg- | Micro- | Phoe- 3ot I
Trioctes! 3
ifn uerin hracon 75 3 gaster |ogenes Cefitrus

o0 3t
754 4,408

Tad
128
2.2
3,031 ; *3,537 43, 284 *21, 387
*i0, S35 28, 580 241,011 | “111, B7S 33, 26

Total...._.| ;7.7:3}14.453 33,2'.>?i 8,831 § 1,573,005 141,768 | 19,080 § 42,114

tThoe fimres for (028 promise to he approximately o8 Iargs as thosa for 1927,

Tanvuk 3.—FLiberations of Buropean corn-borer parasites, by Slates

{Recoverios indiented hy nsterisk]

Nurmber of individuads of—

| Mluc-
oge- roten-{ Totnl
nes

By Dioc—! Micro- } Exer- | Miera. | DH0Z:

Tim-

gerin | W |Im1<.-un Istos | guster

Mnssnchusetis, ‘12,847 *8, 167!! 1,082, 270) *5, G574 *55, 535114, 30T
Now York. . } 84,85 .J;i-)' Egg 805
Pennsylvans . 3

¥ 11,112 440 , O0FF *44, 488 *41,191] 1,60
Aliehigan..o—.. 7, 584 2067 7 53, 407
Inllece - 2,0 , 176 S
Minols. . . . _ '
CL::udu 16, Ti0) ! } T, oMM L 388

47,778 14,42 38.2‘2‘?% 8,835 1,573,095! wo.suﬁi m,?ac{ 10, 650, 42, 114; 23, 656[7, 079, 300

t Actunt liberations from foreignr materlal sent from Arifngton, Congding liberstions from materind
bl ot Chncham, Onterie, are not $hown.
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Tapri 4—FEuropean corn-borer parasites liberated in Ohio, by town, year, and
species .

[Recoveries [ndicated by psterisk)}
MICHOBRACON

Nanmber of individuals liberated in—

Wi .
8San- | langhhy | Ashta-
dusky and buln

Mentor

25,550
£, D00 :
1,826 FTT
15,000 { 20,000 [ 30,200

132 378 20, 461 10, 290

EXEZRISTES

2,150
*9,470 4,085 f_.
* 2,000 1,808 1,419

s 13, T 9, 605 1,09

L3 1,462
i)

MICROGASTER

MASICERA

172 1 .......... I .......... |

PHAEOGENES
[...

l
r 1
ZENILLIA

e U - § B3 fovomn e |
Cirand totnl. ... 15, 364 1 12,118 §
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'I'ABLE 5.—E’uropean om‘n-borer ;rmmsztcs Zzbem!ed m Mzckzgrm by toum, year, amf
. _ spectes

[Recoveriss m&imted by sst.eri_sk}
MICROBRACON

Number of individunts berated inw

Rith- Flat .Mol.mt
mond | Rock |10 Salls | Jackson | A0 H

15,079, : -
18,840 | 1D, 50D o,k 8, 440

Total..., oo ] 31,719 | 10,500 | q e85 8440

EXERISTES

*8, 053 2,783
5782 5 4,122

13,875 | 6,915

DIOC

PHAEOGENES

EULIMNERIA

*2, 195

MICRCGASTER

5,71

APANTELER .

Grand total.__. 1954[ 1, 137| 10, 3%
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TABLE 6. —EBuropean mborer parasites Izberated in New York, by taum, year,

and specws
© {Recoverizs mdicated by asterizk]
Number of individuals lherated of—
Mictobmeoon | Euerlstes|  Microgast | Apantele
Yenr -
Town Town Town - Town
Hanover | Hrant Brant |Henover| Brant -| Hanover Brant

iz — 25,000 2,862

1625 85001 *2 963 : -

[T T 68001 1,000 | *5330 I :

b L £ S T Az 500 3,508 2014 788 208 - 1,076 125

L T T ‘30,500 | 33,008 12,880 T80 w6 io006; 125
TasLE 7.—Miscellaneous liberations of European corn-borer parasiles .
Number of individuals lbwrated of—
‘En]imw Moao-
Locality Microbracon ‘Exeristeg Aponieles Micmga.ster nerts rat:oan-
: rag
. .
’ In 1028] T 1027 12 1028}t 192710 tonslm 1927110 1928} 1n 1927 {1n t92n 327
Ponnsylvania; :
North Enst o __._.] 6,300 ... 2 450 I
MHI Creek 2, (60 -
Frio 11,520 1,883 -

Endiana: . .
3%, Joe .- 11,000 | 1,374 {1 5170 JR -
Qos h t 3 - I

362
R S 438 1 1,021 819 | 27,421 1 4.TIBD | L9

! Franch material via Arlington. Canadian-bred msterial not shown,




_ ORGANIZAT '_N OF THE -
UNITED STATES DEPARTMENT OF AGRICUL/URE

Januaary I fiiva]

Secretary of Agriculture_. e W. M. Jaroing.
. Assistant Secrelary . : - R. W. DuNLAF.
_Director of Scientific Work -A. F. Woobs.
Direclor of Regulalory Work e Warter G. CAMPBELL.
Director of Erténsion__ ..o oo _.__ C. W. WAR‘BURTON
I.'hrec!or of Personnel and Busmess Adminis-
' : Ww. W. STocxnmg;aaa.
Bivector of Informatwn M. 8. BisENEOWER.
Solicitor. ) R. W. WmLiaums,
: Cuarces-F. Marviy, C‘hzef
. Bureau of Animal Industry : Jorw R. MosLsr, C.-‘uef
 Bureau of Dairy Indusiry O.E. Reep, Chief. ,J””olm
Bureau of Plant Industry. . ' Wirrram A. Tavior, Chiéf.
Forest Service R. ¥, 8evarT, Chief. .
Bureau of Chemistry and Seils H. G. Enigar, Chief.
-Bureau of Bntomology._ . _._._ P C. L. MarLATT, Chief.
Bureau of Biological Survey Paou G. REDINGTON, C’!uef _
Bureau of Public Roads TaoMas H. MacDnnaLp, C’hzef
Bureau of Agricullural Economics____.: NiLs A. Ousen, Chisf. |
Bureau of Home Eeonomics Lovise Branvey, szef
PlantQu arantire and Control Admzmaﬂm—

C. L. MarraTT, Chief. , ‘

J. W. T. DuveL, Chiéf. .
Food, Drug, and Inseclicide Administration_. Wavrer G. CamrrELL, Direclor of
Regulatory Work, in Cherge.”
E. W. ALLEN, Chief.
C. B. Buirg, Chief. s 1
Crarisel R. Barwerr, Librarian. =~

This bulletin is & contribution from

Bureau of Enlomology : C. L. Magrrarr, Chief.
Division of Cereal and Forage Tnsects._. W. H. LarniMsr, in Charge..

28

ADDITIONAL COPIES
OF THIS PUBLICATION MAY BE PROCURED FROM
THE SUPEBINTENDENT OF DOCUMENTS
T.8.00VERNMENT FRINTING OFFICE
WASHINGION, D. C.
AT

10 CENTS PER C('.‘PY
v



http:Bureau.of

-y il

b -

.t e A A m——

)
.
" .
'
.
.
. N
‘. -
.
.
.
..
.
Y
. v
i
- - .
. .
. 1
. -
-
B S
- "
e imm ——— #4 - * Corvas n el e —




