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COMMERCIAL PROPGGATION 44D BIOLULGIC.L 3PUDIES
OF W0 PaRASTITNS GF THE CODLIIG 40T,

G > o D WV P W A G W A W G W D

STATZM-HT OF Py PRUBL.

Investigations of rearing methods for commer-

cial propogation of two egg parasites ( Trichogramma

minutum Riley and ascogaster carpocapsae (Viereck))of the

codling moth, Carpoeapsa pomonella L., togethgr with 1ib-
erution experiments and observation on their life history
and hablts were undertaken to determine whether the in-
sects eould be ralsed and lidberated in large enough num-
bers to become commercial factors in the reduction of bne
of the worst apple pests the Oregon grower has to combat.
Lxperiments were coaducted by the writer at the Gregon
Ixperiment Station, Corvallis; the llood River Ixperiment
Station, Hood River, Ure.; and at the Dominion Zntomo-
lozical laboratory, Vernon, B. C., Canada. The work cov-
ered a period of 20 months, starting in the summer of
1927 at Vernon, B. C.

1 TRICHOGRAMMa MINUTUM Riley.

INTRODUCTORY REMARKS.

anyone at all familiar with the inseot complex
appreciates thg importance of insect enemies of insectis.
Dr. L. O. Howard, former chief of the Bureau of Entomology,
says, "So important does thelr work\appear to me that I am

inolined to rank 1t the main factor in the preservation of
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the so=called 'balance of nature.'! Snfely it is one
which demunds our mo)t carcful attention.”

Man is constuntly being forced to inorease the
gources of his food supply in order to meetv the evore
growinc human populution. He thus opens up enormous
avenues of inoreuse for hosts of inseot pests. This
in turn sllows the development of countless numbors of
insect cnemics of inseots ==~ parasites und predutors —-
"to take plumce at a corresponding rapld rate. JSuch
devolopment is as it should be, and the injurious inseocts
are reduced asccordingly. NHatural reduction in this
manner is s slew process,however, and man, being im-
pationt, has tried to opeed up the procedure.

lan ocannot wait for the reluotively slow adaptation
of nutive parasites to now hosts; so beginning with the
gtart of the precent century, he has hasterned the process
by introduction of purasitic und predatory forms alroady
adapted to the insect pest accldamtly imported.

Within the past five years entomologists engaged
in bilologioal control of inseets were bdrought face to
face with a new development ~- & dévelopment within a
development one micht say -- in the control of insects
by parssiteas, DBriefly stated =~ the ralsing of an
indigenous parasite in large numbers for subsecuent
liberetion und control of aen injurious speciea, First



B
inklings of such a development are credited 4o okrzecki
and ®ragina, Kussian entomologlsts, in 1916. (104)
Satiocoy, a small town in Southera California,
was the poiant frow which the next developments emenated

(37, 38, 39, 40, 41). wvhether Stanley S. Flanders, cnto-

mologist of the Saticoy vwalnut Growers .ssociation, got
his origiaal 1dea Zrom fokrzecki and Pragcina is hard to
say. However, he was the man who demonstrated, to the
satisfaction of leadlas entonmologists, a uaique process
for assisting "HMother Wature™ ln a task of mass production
--or rather reproduction--of that practically cosmopolitan

and sporadic egg parasite Trichogramma minutum Riley, a

parasite so small that one has to look twice to see it
with the naked eye; but nevertheless one that has, at
various times,been the destroyer of ovér 100 different

gpecies of other ingsectse.
¥Mr. Flanders set about building whut could be

called, from 4 populur standpoint, a Trichogramma nursery

-=-perhaps fastory might be the better term. In the end
he developed a mthod that would produce a million of these
insects in a day, in a bullding only 25 x 36 ft. in floor
8pase.

Before considering the experiments of the writ-

er with Prichogramma minutum, and the work of other

invest~




 whe
igatiors, 1~t us first consider the naraslite from a dietrie
butlonal and systematic starinolrt.,

Nl L IBUTIONK.

richorragma mirytum stards as 2 siirere ex-
ardle of gosroiollitarlism ir tre ‘rageect warld, hotn "rom a

reogrannlice igi} ard 3 hoat stardncint (522}. ft is fourd n
811 five corntirents, and irn aractically all the countries of
these contlrents where erntomologlsts have worked,

The insect is found in the western hemisphere
in Canada, JUnited [tates, ‘exlco, Test Indleg, Central
~merieca, ard lout. ‘merlea. Irn the eastern hemipnshere 1£ is
fourd 1ir ‘urasls ir. the 3Iritish Ialee, rance, Zelrlum, Gere
mary, ltaly, justria-lungery, ervia, llussls, inﬁig. Surma,
and ceylon (recently imported), (94) It also occurs in
Australia, iew Zealnrd, the .awallan Islards, ard "outh
Africa. Ir eamch of tne foresolng localities Iricro-ramma
nnresltizes ore or more hosts,

“rly a fex sdecles are fourd ln tne family i

wnioh I belonma, but torether they sttack

ard »iraelty s insects ir orectleslly every order, (100 ),
411 of them have very larze host 1istz, but [, asinutus seems
to cornslierably outstrin the others., It hae been resorted

ns oarasitizing well over 1M hoets in Fl1X d1fferert orders:
lenidontera , Coleontera, .iymerontera, ..euronters, 219terg.

and ..emi tera,
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A1l records indicate that Lenidoptera are the
most favored hosts, witn Dintera and Hymenoptera rankine
next, |

Girault's (57) 41lcscueslor of hosts is slightly
contradictory. In the same refererce ne makes the statement
that all Iprlchesramma host larvae "feed upon follage of var-
ious trees and plants--none are wood-boring, carrnivorous, or
predaceous in the larval stages," and then liete Chauloides
rastricorpis Rambur, from the order ikeurontera, the larvae
of which are predaceous.

Orly one family of tne order Dintera, the Tabe
anidae, 18 subject to the inrocads of the parasite. It was
rot until 1926 that these flies were reported by Cameron (20)
as hosts,

The following host 1ist 1s not complete. For
one thing new hosts of I, minutum are still being discovered
Yublications of some host records are either obscure or lne
complete, It 1s probable that Trichogramma will try to
oviposit in almost any insect ege. According to Tlanders
(41) 1t has been xrown to attemnt oviposition ir the Julce
globules of okra nlants, the swollern abdomen of Jedlculoldes
mites, and in paper smeared with the halr coverling of the
egg masses of the browntsll moth. Its ovipositior 18 cone

fined to the egzs of all the following soecles:
OiDia COLLIPTLRA,
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Family Chrysomelldae.

1.
24
3.

A,

Se

Donscla slmplex Fab. (50)

Odontota eyturallg Thunberg. (102) (135)
Odontota dorsalls Thunberg. (1Q0)
detriona hicolor Fab.

Jetriona sienlfers ilerbst.

ORDiR LEPIDIPTERA,

Famlly ‘apnilionidae.

1.

-

Papnllio glaucus Linn. Tiger Swallowtall.
(122) (34) (13%)
2arilio glaucus turnus Linn. (100) (284)

Family iymphalidae.

1.

~

Ze

e
A,

5.

Famlly lNontodontidae.

1.

3.

Agraulls vanlllse Linn. (100)

4g1als milbertd Codart. (100)

Diope varillge iinn. Gulf Fribil}aA .
Zolygonis lnterrogationis Fab. (150)

Baﬂilannhia_srmhlppna_Cramer. 7iceroy
Butterfly. (100) (120) (135) _
Vanegsa atlantz Lirn. Red idmiral. (35)
(12%)

Datana intergerrima ¢. and R. Talmat
Caternillar. (102) (93) (124)

Datana minlstrs Drury. Yellow-necked
iuterpillar. (59)

Ianasea ligricolor Walk. (1Q0) (36) (58)
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Family l!lesperildse.

1.

2.
3
4,
5.
Family “ie¢ridae.
1.

2.
3e

Calpodes ethliug Cramer. Canna Leafroller.

(100)
Gonius oroteus (Linn). (109) (59) (88)

Prenes nero Tabr. CSkinner. (3Q)

’renes ocola Ldw. (3Q)
Thanaoa lucllius iLint. (102)

burymug eurvtheme 3olsd. Alfalfa Catere
ail1lar. (1QQ) (36) (138)

Lurymus interior Sand. (102)
“leris ravae (Linn.) Cabbage 3utterfly.

(100)

Family Tortricidsae,

1.

2.
e

7.
Family Arctildae.
1.

Archine rosaceanse Harris. Oblioue~banda

e Lea:fialler. (122)
Jlomona cofferia, (94)

Laggeyreclsa oruniveors ''alsh, Jriental

reach «oth, (45)

Lagjeyresia nogorella (Lirn.). (1QQ)
Platynota restrans '-alk, (10Q) (55)
Tortrlx citraua Ferrald. (102)
Tortrix fumiferara Clemens, (10Q)

Lstigmene acraea rury. Salt Harsh Cater
p1llar. (38) (53)




2. Hyphantria cunea Drury. Pall Webworm.
(100) (42)

. Hyphantria textor Harris. (100)

4. Utethelsa ornatrix ILinn. (133)

Family Ceratocampidae.

l. 4Anisota senatoria S. and i. (100) (59)

Family Sphingidae.
1. (Ceratoma catalpae Bois. (100) (59)

2. Protoparce sexta Johan. Tomato Worm. (100)

(36) (68)

J«. Isogramma hsgeni Grt.

4. Smerinthus sp. (100)
Family Lymantriidae. ‘
l. ZEuproctis chrysorrhoea ILinn. Browntail Moth.
(100) (42) (82)

2. Qlene pinicola Dyar. (57)

Family Satyridae.
l. Oeneis macounii Edw. (100)

Family Eucosmidae.

l. Bastra lanceolana Hbn. (59)

2. Baotra furfurana Haw. (59)

3. Carpocapsa pomonella Linn., Codling loth.
(Reared) (31) (41)

4. Fudemis vacciniana Pack.

5. Evetria montana Busek. (100)

6. Polychrosis botrana Schiff. (gg)




7.
8.

~9-
Polychrosis viteana Clem. (55) (86)

Tmetooersa ocellana D. and S. Bud Moth.

(33) (35) (63)

Family Hoetuidae.

l.

2e

e
4.

O.

6.

Te

8.

9e
10.
1l.
1z2.
13.
l4.
15.

Alabama argillacea (Hbn.). Cotton Leaf Worme.
(100) (36) (105)

iutographa brassicae (Riley). Cabbage Looper.

(10) (26) (55)

Caenurga erechtea Cram. Forage Looper. (129)
Ceramica picta (Harris). Zebra Caterpillar
(36)

Heliothis obgoleta Fabr, Corn Ear Vorm.

(100) (27) (36)

Laphygma frugiperda S. and A. Fall irmy

Worm. (100) (26) (55)

Lycophotia margaritosa Haw. Variegated Cut-

worm. (Reared)

Anytus cupola Hamp. (125)

Mamestra picta Harris. (35)

Omiodes meyriecki. (100)

Omiodes blackburnii. (100)

Omiodes accepta. (100)

Peridroma margaritosa caucia Hub. (100)

Platypena seabra Fab. (100) (125)

Spodoptera mauritia. Nul Grass army Wornme

(180)
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Cosmophila erosa (Hub.). Mallow Caterpillar
(20)

Family Gelechildae.

1.
2.

Sitotroga cerealella Oliv. (Reared) (41) (68)

Phthorimaea operculella Zell. Potato Tuber

worm.

Family Pyralidae.

1.

2.
e
4.
S

6e

7.

8.

9.
10.

11.
12.

13.

icrobasis molesta. Pecan Leaf Case Bearer.
(52)
Chilo simplex. Rice Borer. (21) (147)

Chilo plejadellus Zinck. (89)
Chilo epia Dyar. (21)

Diatraea saccharalis Fab. Sugar Cane Moth

Borer. (1) (2) (10)
Diatraea striatalis Fab. (15)

Diatraea auricilia. (21)

Diatraea zeacolella Dyar. Large Corn Stalk

Borer. (113)

Diatraes idalis Fern. (7)

Eghestia kuehniella Zeller. Mediterranean

Flour Moth. (Reared) (134)

Phylctaenia ferrugalis Hbn. (100)
Plodia interpunctella (Hbn.). Indian Meal

Hoth. (41)
Pyrausta nubilalis Hub. European Corn Borer.
(100) (5) (18)
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14, ineola vaceinil Hiley. Cranberry Fruit

worm. (42) (s4)
ORDER TEMIPTERA.
Ho specles of Hemipltera are listed in literature
as being parasitized by Trichogramma mimutum, btut C. O. Bare,

of Tampa, Fla., clalas o have bred it {rom hemipterous eggs.
ORDER YEURU ATV R4.
Family Chrysopidas.

i« Chrysopa svps (100)
Family Sialidae.

le Sialis fnfumats Jewm. (100)
2. Chaunloides rastricornis Hambur. (100} (57)
RDEE DIPTIRAS
Fanily Tabanidae.
l. Chrysops ritig . 8. (180) (29
2, Chrysops moerens .alk. (1u0) (20)
Se (Chrysons striatus u. S. {100) (24)
4. Chrysops excitang “alk. (200Q) (20)
De Jabanus vhaenopsz Ue U« (100) (20)
6. Tabanus punotifer C. S. (160} (28)
7. Jabamus lagiophthalms Macq. (100) (20)
GRDER HY 2830 ids.
Family Tenthredinidae.

i. ametasterias glabrata Fallon. Dock Lawfly.
136) (108)

-
s
o
L

e
3]
o
L

2, {aliroa aethiops Fabtr. Huropsan Lose Slug.
(2¢o) (83)
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3. Caliroa obgg;gzg Norton. (100)

4. Cimbex americans Leach. Elm Sawfly. (42)
(108) (228)

5. ZEriocampoides limacina (Retz.). Pear Slug
(100) (32) (34)

6. Paohynemetus palliventris Crese. (100) (55)

7. Pteronidea ribesi Seop. Imported Currant
worm. (100) (26) (48)

SYSTEMATIC CONSIDERATION.

Desoription and Synonomy.
The parasite was first observed, from a system-

atic standpoint, by Riley in 1871, in the state of iiss.
4t that time he d1d not publish what might be termed an
original desoription. ile at f£irst called the insect the
Disippus egg parasite, after the host from which he bred
1t-~Iimenitis disippus Godt., since found to be synonym of

Basilarchia archippus Cramer, the Viseroy Butterfly, of
the family Nymphalidae. Soon after, however, he named 1t
Trichogramma minutum, but added that he would leave the

proper dessription to those entomologista who pay more
particular attention to the family Chalcididase.

Riley's deseription, given at time of naming,
sti1l stands as original (120): "It oomes nearest the ge-
nus Trichogramma, VWestw., and may be provisionally called
Trichogramma minuta. It differs from that genus and fronm
all other Chalecididian genera with which I am
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acquainted, in the anteanae being but five-jointed (scape,
plus four joints), the seape stout and as long, or longer,
than jJoints two, three, and four together; joints three and
four small and together as long as joint two; five very
atout, fusiform, and as long as two, three, and four to-
gether. The legs have the trochanters stout and long, the
tibiae not quite so long nor so stout as the femora, and
with a long tooth; the tursi are three-jointed, with the
joints of equal length and with the claws and pulvilli
gub-obsolete. The abdomen is & :parently six-jointed, the
basal jJoint wide, the second narrower, two té five increasiag
in width t111 five is as wide as one. The ovipositor of the
female extends a little beyond the apex, and starts from the
anterior adgé of the f£ifth joint."

The foregoing description is found in Riley's
"Third Report on the Insects of Miseouri," page 158, 1871.
This may be regarded as the original desoription as it
tallies word for word with the desoription given by Riley
in 1881, ten years later, under ﬁGeneral Index and Supple-
ment to the Ninth Report on the Insects of Missouri,”
bulletin number 6, page 68.

After Riley's first unofficial description of

P. mimatum he proposed for it the generic name Pentarthron

{(121). This name had, however, been used by Wollaston in

beetles: so Riley retained the old generic nane.
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A large number of synonymic species cannot be

oclaimed for T. minutum, in spite of its extensive distribu-

tion. The following determinations are listed as synonomous:

Pentarthron minutum (Riley).

Prichogramma minutissimum Packard.

Trishogramma pretiosum Riley.

Prichogramma intermedium. Howard.

Trichogramms odonototae Howard.

Types of the species in synonomy were lost or never dsposit-
ed, according to Marton {100).
Classification.

Riley first placed . mianutum in the family

Chalcididae, but it 1s now placed in the fumily Trischo~ramma-
tidae by practically all authors. This family is a small
one, according to most authorities. However, there is

great diversity in the difreront references in the number

and placing of genera and specles within the family.

Viereck (135) assigns to the family only two genera, Trish-

ogramna and Lathromeris, with a total of five species, only

one being listed under Lathromeris. Iesig (36) places two

other genera in the family bvesides Trichogramma, Abbella and

0Oligosita. Cresson (28) treats the family as a subfamily--
Prichogramminae-—and includes the following genera:

Ophioneurus Ratz., Trichogramma Westw., Chaetosticha Walk.,

Lathromeris Forst., Centrobia Forst., and Oligosita Hal.




Other authorities vary Just as much. The writer does not
feel Justified, therefore, in presenting a key to species
taken from any one, or even two or three authorities, in
the face of so much difference of opinion.

One might start with the suborder Clistogastra
or apoorita, within the order Hymenoptera, to show Jjust

where 7. mimatum stands in the ILinnean celassificecation

scheme. In this suborder the second abaominai segment,
which appears as the first, is conatricted to form a
slender petiolé or walst between the large poertion of the
abdomen and the wing-bearing region of the body. To this
gsuborder belongs the superfamily Chaleidoidea, éomposed of
an extremely large number of insects, many as yet unde-
gsoribed, of exceedingly small size, the majority of which
are parasitic. The anterior wings, sometimes wanting, are
almost devoid of veins (Pl. II)j they have neither a mar-
ginal cell or a distinct basal cell, the latter, if at
allbindioated, usually poorly defined by hyaline veins on-
ly visible by transmitted light. The hind wings have, as
a rule, a short submarginal vein. The antennue are elbowed.
In the family Trichogrammidae, or Trichogramma-
tidae, as spelled by some authorities, the tarsl are
three-~jointed; the pubescence of the wings 1s arranged in
1line; the fore tibia has a delicate straight spur; the
ovipositor issues cephlad to the apex of the abdomen; the

antennae are rarely without ring Joints; in the anterior



wing the submarginal vein reaches the costa.
Members of the genus Trichogramma, erected by -

Weatwood, are characterized by having eight~jointed an-
tennae; the submarginal, marginal, and stigmal veins form-
ing a regular arch; the submarginal vein reaching the
gosta; the anterior wings with regular rows of hairs.

In all there are about eight species belonging to
the gemus Trichogramma, but only the followlang appear to be

native to this country: 7. minmutum Riley, T. ceresarum

ish., T« flavum .ish., and T. evanescens .estw.

CHARACTER OF Trichogramma minutum.
Since T. mimabtum kills its host before 1t ever

has a chance to hateh and feed, it mmst be considered as
one of the most efficient destroyers ¢f injurious insectis.

From an entomological viewpoint T. minutum may

be termed a parasite but this classification can be modi-
fied. It may also be termed, along with most of the other
insect parusites of insects, an internal predator. It de-
stroys all but the egg shell of the hoat within 15 to 24
hours after hatehing. Such comparisons between the para-
slte and internal predator are a bit "far fetched" as no
exact definition of a parasite fits all cases.

adaptability to Biological Coantrol Work.

Flanders discusses the advantages--biotic re-~

aponses of Trichvgraum: mincium. HMost of his points apply

also to Oregon coaditions:
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l. The parasite mates and oviposits readily in
confinement.

2. It develops to maturity in the grain moth eggs,
one individual per host egg.

3. It has a shorter life-cycle than any host.

4., It has a more extended development range than
its hosts.

5. It has a great variety of hosts and, according
to Dr. Hase (64) no host preference.

6. It is capable of ocutnumbering its hoats.

7. It accomodates itself to its host's
generation.

8. It wili develop throughout the year, with
proper temperature and food.

9. It has few competins species and no secondary
parasites.

10. 1Its dispersal is so localized that its
effectiveness 1s measurable.

11l. The parasites effectiveness is determined by
its abundance on the food plunt of the host and Ly the
amount of host material within its sphere of action.

12. Its large host list makes it easy to ralse in
the laboratory, for it can be switched to other hosts if
necessary.

Fackors which limit the nsefulness and adaptabil-
ity:
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1. Trichogramma doses not anpear to be apecific

as to host location.

2. The parasite is prey to such predators as ants,
lady-bird beetles, mites under natural eonditions when in
the host. 4 10 per cent mortality due to predators may be
expected. If more than one parasite develops within a host
egg the first $o emerge leaves and opening through which
predaceous inseots, especially mites, may enter. Predatory
mit.es are limiting factors in large scale production.

3. A parasite with polyphagous habits 1s not as
effective as one with restricted host preference and life
history adjusted to that of its host. The fact that Trich-
ogramma has a shorter life eycle than practically all its
hosts is without doubt one of the causes of 1its polyphagous
habits. These habits are also influenced by the immunity
of the parasite to all its hoats internal Julces, as is not
the case with many other parasites.

4., Its power of dispersal in apple orchards is
poor. At the present time this appears tc be it most
important drawbaock.

A conslderable variability of occurrence of

Trichogramma from year to year, and even from season to

season, has been noticed in coanection with hosts other
than the codling moth. Caffrey and Worthly (1u) found this

to be so 11 the case of the buropean corn borer.
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In some years they would get as high as 70 %0 80 per cent
paragitiam, while in others the percentage would he as low
as 10 to 20 per cent. They also noticed that at the firat

of the season--in the spring~-Trichogramma was hardly a fac-

tor in control, but in later generations, towards fall, it
became very effective. Jones (87) had practically the same
experiences with the corn earworm. Somewhat the same vari-
ahiiity was also noticed in connection with parasitism of
the alfalfa butterfly.

The question as to whether climatic conditions
in Orego:1 would be suitable to rapid development of the
parasite was one that was given consideration. This point
has already been solved for the Hood River Valley, where an
average of 3 per cent native parasitism by Trichogramma on
codling moth was found during the season of 1929. The
parasite -has also been well represented in previous seasons,
according to leroy Childs, superintendent of the Hood River
Lxperiment Stution. In the wWillamette Valley the question
of climatic adaptability of Trichogramma is still a moot

question, owing to the faet that no field liberations and
tests were made, and that very few native specimens have
been recovered. Jonea (87) found that a late wet aspring was
very dctrimental in the case of paragitism of the European
corn borer by the insect.

Franklin of Massachussetts (43) corroborates the

facts regarding cold wet weather. From extensive counts
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made for the parasite on eggs of the cranberry fruit worm
he found that there was 25 to 75 per cent parasitism of the
fruit worm on dry cranberry bogs, and from none to 70 per
oent on those bogs with winter flowage. He stated that
there was a great reduction of the parasites on the flowed
bogs due to the long period of wet weather in the first part
of the season.

LIFE HISTORY aND HABITS.

General Remarks.

Trichogramma minutum is an egg parasite, the body

of the adull measuring only .35 mm. in length. Its small
size, coupled with the fact that its complete development
takes place within the egg of its host, makes it hard %o
gsecure accurate observations of the wvarious changes in its
11fe oycle. If the observations on some of the atages are
not very complete these facts, and also the fact that the
time for observatione was somewhat limited, will huve to be
taken into consideration.

Matineg and Oviposition.

Beth copulation and oviposition take place very
soon after emergence, especially on suany days. The female
was observed to be almost passive during the act of mating.
The male is persistent, and quite polygamous. He may unite

with the same female, or with other females, two or three

times within a few seconds. The male assumes a peculiar
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during the act. after grasping the female's wing tips with

his front pair of legs he assumes an inclined or "underslung”
position, at an angle of from 60 to 70 degrees, with the tip
of his abdomen well under the venter of the female. The act
lagts from two to five seconds. The palr usually are motion-

less, but at times run about.
Girault (55), after an examination of 763 specimens

of T. minutum, reared throughout the whole season from a great

variety of hosts, found that the sexes existed in about equal
proportions, with Jjust a slightly greater proportion of fe-
males. There appears to be no difference as to the relative
time of issuing of the sexes.

The females, as a rule, are larger than the males,
but this does not always hold true, and cannot be relied up-
on to distinguish between the sexes.

The eggs of T, Miimutum are deposited inside the

egg of the host, sometimes as high as five in number, but

usually onliy one or two. The female Trichogramma walks

o#er the host egg until she finds a suitable gspot for ovi-
position. Her wings are then raised an& her abdomen lowered
until her ovipositor can be inserted in the chorion of the
egg. 4 slight backward and forward "sawing" movement is at
first noticed, but the insect remains quiet for the greater
part of the time that she has her ovipositor inserted.
According to Holloway (94) he was able to obtain
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oviposition of Trischogramma females in the Juice globules of

okra plants. One would think, then, that the parasite would
ovippsit in practically any insect eggs. lariin claims
(100) they will not oviposit in Donacia or grynid eggs, and
Howard and Fiske (82) state that it is often a physiecal
impossibility for them to oviposit in the egga of the brown-
tail moth. ‘

The duration of the act of oviposition averaged
about 27 seconds under laboratory conditions, according to
a series of observations. A4ll the females observed were
in petri dishes, and were watched in the aoct at different
tines of the day. The host eggs were those of Sitotroga

cerealella Oliv., shellaced on cardboard discs. The major-

ity of observations were on different females--females
watched in different petri dishes, and from three different

"hatohes™ of parasites.

Obserxrvation Time of Day. Duration of
No. Oviposition.

1. 9,30 A. M. 27 aseconds.

2e 9,40 A. M. 24 peconds.

Je 3.00 P. Mo 21 geconds.

4. 3.20 P. M. 29 seconds.

Se 3.30 P. M. 27 seconds.

o 5.06 P. M. 29 seconds.

7 10.45 P. M. 34 geconds.

Be 12,10 P. M. 30 seconds.

Ge 12.30 P. M. 25 meconds.

10. 2045 P‘ ?JIQ 25 SGGOBG.B.

Quaintance and Brues (116) found that the time for

egg deposition was considerably longer than the average for
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the foregoing table--twe minutes being required for the lay-
ing of each egg in the egg of the cotton bollworm. Mariin
(100}, however, found that only and average of about 22 sec~

onds was required for oviposition in eggs of Sialis.

The nmumber of parasite eggs deposited in each
hoast egg depends considerably on the size of the latter.
Few observations were made by the writer on this phase of
oviposition. In parasitized codling moth eggs at Hood River
two and sometimes three parasites were found in one egg;
four were very rare. ainslie (3) reports rearing as many

as 10 adults from the eggs of D, saccharalis. In the case

of the bud moth Du Porte (33) says that there 1s seldom
more than one parasite per egg. Jones and Wolcott (90)
also claim to have bred large numbers of adults from the
eses of the skipper Prenes nero Fﬁb.a-v to 11 adults often

emerging from a single egg. Smaller eggs, as a rule, seem
to have fewer parasites per egg, but this does not always

hold true.

Oviposition is naturally most frequent and con-
tinmuous during the first half hour of the parasite's life.
During the next hour and one~half it drops off somewhat.
From two hours on the length of time between depositions
inecreases very rapidly. about 40 eggs per female is the

average number laid during the two hour period,
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It was observed that Trichogruamna females ovi-

posited in Sitotroga eggs at almost any stage in their em-
bryoaic devalopment. This phenomené is corroborated by
Girault's (54) findings. e raiseil adult parasites the
eggé of which had been deposited in egss of lHeliothis ob-

- Boleta only eight hours before they were due to hatch.
Giranlt's experiments indicate that parasitization is suc~
cegstul up to time ét exclusion of the host from its egg.
Reaotion of tﬁe Host to the Parasite.

The reaction of the Sitotrogu and Carpoeapsa

embryos to Prichogramma was a phase of the parasitism that

was almost impossible to make observations on. Sitotroga
ezgs that showed seveoral days development were exposed to
mated females in petri dishes. There was no trouble in
obtaining oviposition. The opague chorions of the host
eggs would not clear up sufficiently, even when exposed to
the action of excess amounts of pctassium hydroxide and
Bouin's clearer and fixer, to show any apprecilable reaction
or change in the unattacked host tissues. Xven the para-
site larva, being so nearly the color of the host %tissues,
and having such a poorly-defined epidermis, would not
show up to any extent in slides of the grain moth ezza.
Pupal stages of the parasite, however, showed up gquite
clearly in later slides (Pl.1V-2). .ainother hinderance to
the atudy of embryonic reaction to the parasite was the

fast that the larvu of the latter devours the tissues
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within the host in such a short time--from 15 to 26 hours.
This makes extended observations quite difficult.

The Egg.
The eggs of Trichogramma minmutum, dissected from

- grain moth eggs, were found to be very perishable objects
that collapsed and shrivellsd up almost at once if not
kept in some liquid, or at least in a very molst condition.

Eggs of the parasite averaged ,115 mm. in length
and .034 mm. in width. i general oval shape predominated
in most eggs examined, with oftea a siigat broad appear-
ange at one end (Pl. 1II). The disseoted eggs were of
rather uncertaln outline, and almost colorless.

The periocd of inoubatioa of the egg could not be
determined. Probably it is less than 24 hours, with a
oonsiderable variation due to temperafure and humidity.
The lLarva.

The parasite larva is, like the e-g, almost
colorless. It is charasterized by an almost complete
lack of appendages. In fapt the writer was never able to
observe the "oral hooks" that Martin (100) characterizes
as the only appendages that the larva possesses. The
mouth opening, however, was found after some search in
moat of the aspecimens exumined. The whole grud has an
irregular sae-like appearance, {illing the cavity in

which i} is founl in the




egg. The average length 1a .122 mm.

Gatendby (50) says that in Trichogramma evanescens

the tracheae, ordinary mouth parts, heart, and cesophageal
valve are wanting. Martin (100) has found the same abaences

in the case of T. minutum.

according to Martin (100) the larva rapidly swall-
owas the contents of the host egg, cramming all tissues into
its sac-like body. The body wall of the larva becomes thin-
ner and thianner as additional mauterial is taken in, until

the parasite larva fills the host egg.

The larva and egg stuge combined cover a perlod
of from four to seven days, depending on humidity and temp-
erature, and on the host. In Sitotroga this combined stage

averages two days less than for C. pomonella.

The Pupa.

The pupa, when first formed, is of yellowish-
white color. In size the body of the pupa is often as
large or larger than the adult. It averages about «37 mme
in length. The general color is light yellow at first,
gradually turning darker until the blackness of the adult
i3 reached. The pupal stage lasts from two to four duys.

Trichogramna host eggs present a very character-

i{stic black appearance when once the pupal stage of the
parasite has been reached. There is also a peculiar black
gheen that distinsuishes prascticully all eggs that contain

the parasite.




The adult.
The parasites issue from the host eges as adults

through one or several holes cut by thelr jaws. The hole
has jagged edges as a rule, but 1is rounded in outline (21. 7).
The large majority of the adults emerge through single exit
holes~--about 89 per cent according to Girault (85)e 1In an
examination of angoumois grain moth eggs 41 parasites issued
from 27 host egzs, and from 33 exit holes; so it can be seen
'that in a good many cases two or more emerge from a sinrle
host, and use the same exit hole.

It was found that the position of the exit hole
in the host egs varied. The hole was either cut at one end
of the egr, or else was found on the upper side. The holes
.varied in size as well .s shape. Thcy were either large,
irregular, and Jagged, or they were quite small--seemingly
almoat too smull for the parasite to emerge.

Hungerford (83) found that the time required for

the Trichogramma adult to cut the emergence hole in the case

of eggs of the Turopeun rose slug was about 30 minutes in
some cases, but usually conslderably less time was spent in
the oner.tion. ‘here more than one adult is present in the
egg the second will sometimes enlarge the opening with its
mandibles.

Emﬂ:genoe of one bdrood of parasites is sometimes

spread over a period of 24 hours. This is a long period
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when the rapidity of the other changes in the 1life history
of the parasite are taken into consideration.

The parasites are capable of Jjumping over an inch
before the wings are dried and filled out. They are oft-
en quite active during this period of drying.
Brachypterous anl Wingless Specimens.

4 few wingless and quite a number of short-winged

gpecimens of T. minmutum were reared in the 1aborator3,

both at Corvallis and at Hood River. Some of these spec-
iinens were bred from material received from Flanders and
Dr. Jones, but the majority were from the writer's own
stock. (Pl. I-2)

Acocording to Girault (55) a number of these shori-
winged specimens are not truly brachypterous. Their wings
are simply folded back and often take a considerable time
to unfold in the normal manner. Girault doces not mention
the completely wingless form, but Hintzelmann (73) devotes
considerable space to its discussioan in the case of
Trichogramma evaneégcens.

Length of Life of adults.
Obgervations on length of life of adults after

they had emerged in the laboratory, and comparisons with
length of life in the fleld were maude. The average lon-
gevity of adults for 10 different petri dishes, comprising
different generations, was 39 hours where no food was

given. In the cases where food was supplied
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-~thick cotton threads were saturated in honey and water
mixture and placed in petri dishes--the life of the adults
was proloaged but very little--only about two hours. On
more thun one occasicn 1an the orchard adult parasites were
found on apple trees searching for codling moth egzgs over
60 hours after they hud beea liberated, Iiage (64}, however,

claims thut the adults of 7. evanescens will live for 20

days if well fed on sweet substunces,

rarthenvgenesis and Struing.

Fow authorities discuss parthenogenesis in
coanectlion with the life history of the parasite, possibly
becauvse 1t ig hard to obscrve. Howard .nd Fiske \82) have
found, however, that it does oceur, und that the .merican

form of Irichogramma produces 100 per cent mules, and the

Buropean form either all males or clsc both males and

femalesge.

In his oconsideration of struins of Trichogramma

JMarchal (98) does not include Trichogramms minutum, but he

suggeats that a number of strains in different parts of the

country may be found in any species of Trichogramma, the

formation of which has been helped by thelyotokus

parthenogencois. T. oacoecia has only two generations per

year in Tortrix rosana, the first generation being wingless.

The reproduction in this case 1is entirely parthenogenetiac.

The number of generations is iner:ased for this specles when 1t
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atsaoks Barathra brassiocae, and what looks very much like

a new atrain is produced.

Effect of Light on Emergence and Parasitism.

' The following experiment was performed to Adeter-
mine the effect of light on the emergence of aﬁult_parasitee:
Eight cards of parasitized grain moth eggs were brought out
of storage at the same time. Four of these cards were plaec-
ed 11 a cupboard where no light could zet at them, and the
other four were left in the open in the laboratory. The
temperature was the same for both locations. Two hours
after the removal from storage the parasites in the open be-
gan emerging. Emersence was fulirly rapid at first, but
slowed down after the fourth hour. From that time until 14
hours later the parapites continued to emerge. WMo parasites
had emerged from the covered cards eight hours after they
had Leen taken from storage. At the teginning of the ninth
hour the cards were taken out of the cupboard and placed in
the open along with the other parasites. Emergence started
about one-half hour later, and wus completed in something
less than six hours.

Walcott (143) brought some similar habits of
Te minutum to light in 1918. IHis host was D. éaccharalia.

Cut of 1,506 egg clusters collected, 63 per cent were

parasitized by T. minutum. In some way he figured the

normal time for emergence of adults from this lot as two
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hours after sunrise. He then {delayed emergence for part
of these by placing them in the dark. Six times as many
adults of Trichogramma emerged in the first hour after be-
ing exposed to daylisht as emerge in the dark per hour.
Voelkel (136) found that a parasitism of Pieris

bragsiocae Linn. and Barathra bdbrassicae Linn. amounting to

78 to 100 per cent in the sun, and only 38 to 55 per cent
in the shade was found to be the case nsar Beflin.

How Trichogramma Overwinters.

The question of how Te mimutum overwinters is

one that does not appear to have been solved by any other
workers who have investigated the biology of the parasite.
Howard and Fiske (82) have published temporature results
that tend to show how the insect spends the winter. If
the temperature falls below certain limits the parasites
will hibernate in the pupal stage in host eggs. TFrom then
on their development may be delaved several weeks, even
months, although exposed to contimous high temperatures.

Codling moth eges at Hood River were found

parasitized by Trichogramma as late as Sept. 24, 1929; so
1t seems more than likely that they would hibernuate ‘
throughout the winter within this host. It is quite prob-
able, however, that some of the parasites that attacked
codling moth eggs earlier in the season changei to other

lepidopterous hosts for hibernstion.
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Geotaxis in Trichogramma.

Martin (100) claims that 7. minutum is negatively

geotactic, but Girault (58) seems to have proved rather con-
clusively that it is positively geotactic by simply inverting
a glass jJar up which one of the parasites was crawling in

the presence of light. 7The parasite immediately turned as
the jJjar was turned and continued to crawl upwirds. These
geotactic movements were repeated as often as the jar was
reversed. The insect is always found at the top, or else
érawling to the top, of window panes or other glass. It
also exhisits a certain amount of positive phototaxig--
turning toward greater brightness.

Regume of Tife History.

The Trichogramma eggs are deposited inside the

host eggs and hatch in from 18 to 50 hours, depending on
host, temperature, and humidity. The larval und egg stage
combined last from four to seven days. The pupal stage
lagts from two to four days.
The whole life cycle of the parasite lasts from
8 to 15 days, or longer, depending on host and temperature.
From six to nine gensraitions of the parasite per
geasoa occur in the orchards at Hood River o1 codling mothe.
The life history of the parasite is rather well
adapted to the 1ife cycle of the codling moth at looed River.
_The adults of the latter have such & long period of oviposi-
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tion that the egs stuges of the first and second gener-
ation almost overlap. In addition the oviposition of
gsecond generution moths continues until o1 in September.
This long egs period of the hqst QOes away with any
changing of Triehogramma to some éther hoste.
COMERCIAL, RIARING OF Trichogramms minmutum.

inds and Spencer (72) $ive T. D. Cleare credit
for beiag the first entomologist to develop « method of

brecding up the indigenous Trichogrumma mimutum. with all

dve respect, however, to Mr, Cleare, most of the credit
for & methed of commercial rearing of the inseect in lurge
numbers must 50 to Stanley Z. Flanders, entomologist Lor
the Saticoy walnut Growers ..ssoclation. Flander's method
will therefore be described, und given as & basis from
which ull other methods ure %treuated.

Flander's Rearins Hethods. (37, 38, 39, 40, 41).

re Flander's labtoratory ut Saticoy was small--
about 23 ft. by 26 ft. of floor space with two rooms, In
the back room, which contains mechanically controlled heat

and ventilation, Sitotroga cerealella, the alternate lab-

oratory host is raised. Here there is a staock of shallow
bins, 4 inches deep, packed wlth large white shelled corn,
infested with the grain moth. Each bin holds about 125

pounds. The top of each bin is made of narrow slats, one-

eighth inch apart. ‘hen these bias are stucked there is
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TOOm enoush for the nobths to escuine Iron bebweea them.

Thousands of moths esmcape from the bins each day,
and are collected with a vacuum collector, with a collect-
ing chamber between the nozzle and suctipn fan, Suction vel-
ocity 1is regulated by a gate in the nozzle so that the vel-
ocity is low enough not to injure the moths. "The moths
are drawn into a 14 inch hose 17feet long and thence into-
a receptacle consisting of a gallon battery Jar containing
an interiorly directed truncated celluloid cone and a tin
cover 8ix inches in dlameter and four inches high. The
cover is provided with an inlet terminating a short distance
above the smaller end of the cone and below a horizontal
wire screen, above which is an outlet that connects with
the source of partial vacuum. The moths are prevented
from passing out of the receptacle by the wire sereen and
are retained in the Jar by the cone. The jar can be
removed from under the metal cover without loss of moths."

After the Jjars are shaken sharply, causing the
moths to settle to the bottom, they are dumned into %the
egg-laying chamber. These deposition ocages are smooth
cardboard cylinders, eight inches high, capped on each
end by 20 mesh wire screcn, whiech allows many of the male
moths to escape. Enough moths are put in each chamber %o
£111 the bottom to about one inch--or until light no longer
filters through.
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The deposition cages ure then set over a truncat-
ed frough beneath which is placed a sheet of paper to cateh
moth eggs as they drop through. . mild ourrent of air is
ciroulated beneath the cages to earry away the moth debris.

Equipment for preparing the eggs for parasitism
consists of 18 und 30 inch mesh wire strainers, moth rins-
ing jur, filter paper wnd funnel, shellae und brush, wund
cardboard disecs 33 inches in diameter, with a . ineh aper-
ture in the centre.

The grain moth eggs ure sprinkled over the little
pasteboard dises, which have been freshly coated with the
shellac. Roughly 25,006 eggs are sprinkled on each disc.

One of the disos of eggs is placed in a petri
dish along with one-third of a similar disc of eggs that
had been parasitized by Trichogramma about eight days be-

fore. The Trichogramma adults, some of which have already
emerged, parasitize the complete dise of new eggs.

Mailing tubes are used by Mr. Flanders for the
storage and shipment of the parasites. Shipments are made
at the time when the parasites first eanter the pupal stage.

A humidifier is set in operation when the humid-
1ty of the moth enclosure goes below 55 per cent. "The ap-
paratus consists of a flattened sheet iron funnel about 30
inches in length. 4 fine sitream of water under high press-

ure 1s injeoted through a small opening in the ventral side.
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This 18 broken into a spray and vaporized by passing 1t

through an 80 mesh soreen. a fan forces the moisture lad-

en alr into the moth enclosure through the wveatilator.

T™wo wire screens in the funnel serve to colleet the excess
water in the air and pass 1t outward. These screens are

at the larger end of the fuunel und placed about four inch-
es apart; the inner oas is mude of ordinary fly sereening
and the outer of 20 mesh secreen. . duytime humidity of

80 per cent can be maintained in the moth enclosure.™

*Pfhe proocedure in the daily routine of product-
ion as follows:

Once every 24 hours the eggs in the trough be-
neath the egg cages are collected, screened, and winnowed
of moth appendages and scales. The cages are lightly shak-
en to dislodge ezgs adhering to the moths.

_ The accumulated eggs are then poured oanto fresh-
ly shellaced cardboard disos and all of the eggs not ad-
hering.are gshaken off. The shellas at the moment of
applying the eggs must be sticky enousgh to hold the oges,
but not so fluid as to engulf them. It 1s best applied
with a small brush.

after allowing the cards to dry for about u
half hour or until the alceohol in the shellac has evapor-
Sted, they are placed in the parasite cages for o period

of 24 hours with night 1llumination.
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In these cages, prior to the introduction of the
new egg card, one-third of a card from which parasites
have commenced to emerge is placed to provide the stock re-
quired to impregnate at least 90 per cent of the new eggs.

Each stock ocard is useable for two days, so that

a 8ix-fold increase is obtalnable.

4t the end of 24 hours the new egg cards are re-
moved and suspended on hooks fustened to the lower eads of
the cora bins. Three days luter the parusitized eggs are
black, an indication~that the parasites ure in the eurly
pupal stuge. The cards are then placed in dold stor.ge

retaining one-gixth as stock cards.

Following the collection of eggs and the prep-
aration of the parusite cages the day's orop of nmoths is
gathered by means of the vacuum collector and dumped into
the egg-deposition chamber,

After remaining in the ege Geposition chamber
two days, the moths are poured into a4 wire strainer und
rinsed to remove-adhering_eggs. Thege eggs settle to the
bottom of the container, and the debris rising to the sur-
face 1s drained off. The eggs are thean separated out by
means of filter paper from which, after drying, the eges
are easily brushed off. Thousands of eggs are conserved
in this manner in addition to those collected dzily from

beneath each cage.™
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If the foregoing method and daily procedure ié
followed out one man can successfully operate Mr. Flander's
laboratory and raise one million parasites a day.

Rearing Methods of Other Investigators.

A. D. Cleare. (22)

The method of A. D. Cleare for raising Trichogramma

as a parasite of the sugar cane borer, Distraea gaccharalis,

falls far short of The Flanders method when it comes to
railsing large numbers in the minimum of time and with the
least effort. The whole process is characterized by extreme
simplicity. Stalks of sugar cane are placei in large screen
cages for oviposition by borer moths. When egg masses have
been obtained the leaves of the atalks are fastened to the
bottom of a smaller wooden box with a glass top, into which
the parasjtes are introduced from vials through holes in the
sidese ‘hea parasitization is affected the esg masses are
either stored or else plased in the field for emergence.

The method naturally involves considerable labor, and the
output of parasites per duy does not reach one-tenth ihe
number that the Flanders method does.

Hinds and Spencer.

Hinds and Spencer (68, 69, 70, 71, 72) have

apparently had oconsiderable success in the quantity produe-

tion of Trichogramma at Baton Rouge, La. Field control teats
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of parasitization of the sugar cane borer from liberations
have in certuin cases shown 100 per cent parasitism. Disg-~
persal of the parasite, however, hus beea poor. Jatural
parasitism 1s low each spring, lancreases slowly vntil
July, then becomes very high und effective; so most of the
liberutions have been nmude with the objeect of inereusing
the early season parasitism.

The method has been murked by the rearing of an
inoreased number of parusites each year. In 1928 more
than 16 million parusites were reared, und a large number
were liberated. The laboratory is now equipped for quan-
1ty production, chiefly owing to encouraging regults in
1927 and 1928,

Iwo rooms are used for rearing of the .ngoumois
grain moth, each 12 by 16 feet, plustered smoothly oan the
inside. 1In the center of cach room ure tiers of removable
trays of corn, each tray with a capucity of one bushel.
They are uarrunged mucii further apart on the shelves than
are the Tlanders trays.

The majority of rearing operutions ure similur
%o 'ir. Flander's methods in generul, although the routine
daily procedure varies somewhut.

an ordinary vacuum sweeper is used in the ¢

collection of the grain moths.
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The temperaﬁure of the rearing rooms 1s held be-
tween 75 and 805 degrees ¥, by electric heuting units aund
fans, the former coatrolled by simple bimetallic therm-
ostuts.

Ordinary glass !lason jars ure used us ovipo-
sition cages in place of the “landers type of egg depo-
sition chamber. The moths ure allowed to oviposit ab
will 1n the jars, and the eggs ure then serecned onto
£lass pluates, preparalory to beilng shellaced o puste-
board discs.

Geo. wishart. (140, 141)

George sishart, of the Dominion entomological

laboratory, Chatham, Ont., raises 7. minutum on a similar

scale, and by much the same method as iir. Flahdars employs

at Saticoy.
The drawback to the use of Sitotroga cerealella

as a laboratory host in Ontario is that climatic condi-
tione are too extreme to allow for natural development of
this moth. iHeat, therefore, has to be employed during the
colder month; 80 a regular thermostatically--controlled
inebator 1s used to rear the moths in luarge numbers.

The screens in the bottoms of wishart's ovipo-
sition cages are covered with corn starch in which the
moths lay their eggs. The astarch 1s removed from the ovi-
position cages dalily and the eggs separated from 1t by
sifting 1t through a 60 mesh bolting cloth sieve.



Trichogramma is rafised at Chatham for the control

of the European corn borer.

Harry Smith.

Mr. Harry Smith, entomologist in charge at the
Citrus Experiment Station, Riverside, Cal., has also engaged

in the rearing of T. minutum, but on a much smaller scale

than d4id Mr. Flanders at Saticoy.
Mr. Smith used corn for the raising of Sitotroga

gcerealella, and stored i1t in one large bin, comprising about

64 square feet of floor space. The graln moths were collect-
ed by suction from an 0ld vacuum carpet sweeper. The egg-
laying chambers and egs cards were similar to those used by

Mr. Flanders.

Other investigators interested in the commercial

raising of Trichogramma are D. W. Jones, entomologist, U.

Se De i. Bureau of Intomology, arlington, Mass.; Geo. M.
List, deputy state entomologist, State igricultural College,
Fort Collins, Colorado; and Howard and Fiske, Gypsy Hoth
Parasite Laboratory, arlington, lMass.

Trichogramma (EARING EXPERIMENTS IN UREGON.

Reagong for Invegtigations.

Investigations of Trichogramma rearing methods

were undertaken to determine whether the commercial rearing
and liberation of the parasite ia Uregon could be success-

fully accomplished, and if so what percentage of control was
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likely to resilt from such reourins wad liberation, also
to determine the most guccessinl aal economicul method for
sropogatiag the parasites .t the stution.

The workx at theicregen stition was ocoaducted dur-~
ing a period marked by the outstandins astivity :nd success
of r. Flunders i1 his reariigs and liber:.ions of the para-
site. The project wus not only timely from this standpoint,
but also from the polant ol view of serivusness vl the pest
that was the object ol controle~the codlin: moth.

location, “ateric:l, ‘ethods.

The ..ngounmolis grala moth, lahnr&torglhust of
Trlchocramna, wac ab irst ralsed .t the atatlon lubtorabory
at Corvallis, hut, us o sraduall; inoreased outiout of the
noth brought about coaestion ud iacuaveaieawee Lo other
members ol the depurinen’, «ll the  rain muih cagen and
1 1legbud wheat wer. moved Su the casd «4 of the college
sreenhonaoue She Lalaass ol Lhe wore v carricd on, oa
formorly, 1 the rece.reh laboratory of the dejarimoent.

]

3iz woode:r frae ¢.pes, sine J17 by 817 by 817,
{°1. I7 | covercd with vire mesh sarec:i, wich gliilng
doo s and onen botdons, were used Ior the ro ainys of

sitotrogza cerealellua. Targe woode: contilaers of shelled

gorn and wheat were placed in cach of the cagen for the
muths 0 breed in. about S0 pounde of graia wuis olaced ia

gach o the eaccs. . b ick layer of cellul.r cotten was
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placed between the cages wnd the cuge stuads. This was a
silmple way of always keeping the cages tight. In order to
keep the grain moths frec from the depredatioas of two

nredaceous mites, rediculoldes ventricosus Jewp., and a

species of Gamasid, which tinreatened to exterminate them,
and have exterminated the ianfestations of other investi-
gators, each ocage was finally placed on & frame one foot
above the greenhouse table. The legs of each frame rested
in baths of o0il, and great palas were taken to see thal no
means were provided for mites to ia any other way cruawl up
to the cages. Before placiag the graia 1a any of the cages
Before placing the grain in any of the cages it was first
thoroughly fumigated by heating to 160 degrees F. Thous-
ands of grain moth egss were then microscopically examiued
and freed from all mites and mite eggs. They were then
sprinkled on the grain in the cages.

Yo regular eleotric suction collector was used
for the collection of graian moth at first, & collector
worked by the iatake of breath was employed iastead. Thié
was a very poor substitute. The regular collector used
after the first moanth's work on the project waus made from
an 0ld vaocuum cleuner, the bottom of which wus removed aad
a funnel and hose inserted over the opening and fastened
in with a wax composition muteriul. The hose was attached
to a glass collecting chamber, axten&ing from whicech there

was 4 mach longer hose und a gluss tube. The amount of
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suction was regulated b a little metal damper placed over
the outlet suction tube where it leaves the collecting

chmber. ( .-L)ld.te VI )

The grain moth egg-laying chambers were card-
board cylinders 8 inches in diameter and 14 inches high,
with cheese cloth covering on top and 18 mesh wire on the
bottom. These cages were suspended in large glass Jjars,
with the egg-collecting petri dishes oa the bLottom.

Circular cardboard disce, cut to fit inside
petrl dishes, with a 14 inch circular plece cut from the
middle, were used to hold the graia moth eggs. A thin
coating of shellac on the discs was the adheBlve used.
Petri dishes were used as breeding cages for the parasites,
and as storage containers for the parasitized grain moth
eggs. .4 wire mesh egg strainer, paint brushes, needles,
and white paper were used to facilitate the process of

winnowing out Sitotroga ergs, separating them from moth
debris, and pasting them o0a the cardboard dises.

Propogation of the Laboratory Host.

Sitotroga cerealella allows for a lurger produe-

tion of Trichogramma in a shorter time thaa does Ephestia

kuehniella, 7ell. or any of the other so-called laboratory

hosts. Tumbers of generations can bve ruised i: the labor-
aﬁory throughout the yecar under controlled temperuture
conditions. Oviposition resnoases of the adults facilitate

the collection
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of large numbers of eggs from the deposition cages in petri
dishes or other glass contalners. ILach female grain moth
depositas about 40 eggs, which hatch and go through a life
eycle lasting about 28 days. Egg deposition of the moths
is stimulated by tiny orevieces. When the moths crowd the
bottoms of the egg laying cages their bodies form crevices
that stimulate oviposition. The constant shifting about
- of the inseots causes the eggs to sift through the 20 mesh
soreen on the bottom of the chamber. A gentle current of
air also stimulates egg laying. .

The routine for the raising of the moths when
numbers were at the optimum in the greenhouse cages con-
sisted of colleoction about every four days with the vacuum
sollector. Enough moths were placed in the oardboard
depoaition‘chamhers to congregate thickly on the bottom.
Thirty—six hours later the eggs were gathered up in the
petri dishes below the cages and winnowed and screened.
They were then sprinkled on the freshly-shellaced card-
board discs, in preparation for parasitization. The same
method and routine was employed for the propoegation of the
motha at llood River, except that there were not so nmany
cages to colleot from, and the collecting was not done so
often.

The method for keeping the grain moth rearing
cages free from mites has also been described. List, Danielgy

and Bjurman, after a series of comprehensive tests, advocate
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the use of dusting sulfur in the grain and about the cages
and bins that contain the moth. This treatment has proved
very effeotive in killing the aymphs of both the Gamasid

mite of the genus Seius and Pediculoides ventricosus Yewp.

It does not seem to have a detrimental effeect on any of
the stages of the grain moth.
Oviposition of Parasite in Sitotroga Eggs.

About 20,000 grain moth eggs are sprinkled on
one of the cardboard dises previously described. One-

third of a card of parasitized eggs, from which the para-

sites are beginning to emerge, 1s then placed in the petri
dish with the new eggs. The dishes are kept in moderately
strong 1light for 12 hours. If the varasites still seem
active und inclined to oviposit the Pirst full egs card

i8 removed and unother one substituted. Usuélly not more
than three cards of eggs will be effectively parasitized
from the one hatching of parasites. after oviposition

by Trichogramma the egss are either stored or else kept

in the laboratory at temperatures ranging from 78 to 85
degrees F. They hatch at these temperatures in from
7 to 11 days.

Storage of Parasites.

No refrigerator was available in the entomology
department for the storage of parasitized grain moth eggs;

80 permission was obtained to use the ice box in the
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basteriology department. The parasites were stored there

at various times while the project was underwny at Corvallis.
Proper cold storage at Hood River was even more difficult

to obtain, and was one of the big drawbacks to commereial
rearing operations. The cold storage room there was locat-
ed in the .pple Growers issociation building. GSeveral
thousand Trischogramma in the pupal stage were placed in

this room, but the temperature was so constantly low--33
degrees F.--that not one of the parasites survived. The
dimsaster prevented the liberation of a single stored para-
site during the height of the second generation oviposition
period of tﬁe codling moth,. Storage of parasites in a
fr}gidaire machine in a Hood River drug store was arranged,
and s&%eral cards of parasitized grain moth eggss were plac-
ed in the machine, during the months of June and July, 1929.
In thia case the temperature was too high, for the majority
of parasites emerged instead of gtaying in a Gormant cond-
ition.

Indefinite storage of this parasite is'not under-
stood very well yet, according to a communication from Mr.
Fléndara, but the most successful results have been obtained
with a very variable temperature, between 35 and 42 degrees
F. A temperature to correspond somewhat with that exper-
ienced in nature will probably result in the lowegt mortal-
ity figures in storage. '
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Hollowéy and Loften (79) also had difficulty in
the regulation of storage temperatures to suit the parasite.
They found that most of the parasites dled when kept in a
refrigerator over winter at a temperature of 50 degrees F.
In addition, a number of the parasites emerged at this

temperatnre,

Paragite Shipping Experiment.

A short time after the Trichogramma project was

first started some shipmenis of the parasitized grain moths
were received from Dr. Jones, Buropean Corn Borer Labora-
tory, Arlington, Hass. At his suggestion observations on
the methods employed by different investigators for ship-~

ping Trichogramma, suoccessful emergence of parasites re-

ceived through the mails, condition of the insects and the
like were made.
Flander's Shipment.

Mioroscopic examinations of parasites shipped
from Saticoy were made the day the shipmentswas received--
June 23, 1928, The parasitized grain moth eggs were re-~
ceived shellaced on a cardboard dise 34 inches in circum-~
ference, and with £ ineh hole in the middle. Approximate-
ly 25, 000 eggs were on this diac.

l. Shipped about June 21, 1928,
2. Time of opening the shipment was 10:30
A. M., June 23.

3. Laboratory temperature, 78 degrees F.
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4. Emergence: two Sitotroga larvae and
61 adult parasites were observed
within one hour after opening. The
parasites continued to emerge until
placed in cold storage at 38 degrees
F. Even then, a number of adldults
continued to emerge for about a day.

The unparasitized Sitotroga had

algo emerged in this shipment, so
the parasites were probably delay-
ed en route, or else Mr. Flanders
held them out of storage until the
grain moth larvae had hatched.

5. Method of shipping: first class mail

(train)
Arlington, Mass. Shipment.

The parasites were received shellaced on card-
board 7-7/8 inches in eircumference, with six small holes
around the outside. Dr. Jones, entomologist at Arlington,
says there are only about 4,000 parasitized moth eggs for
each card. Microscopic examinations, counts, and photos

(£l. V-1-2} of the parasites were made. Two shipments

were gent.

First Shipment:

1. Shipped aug. 31, 1928.



2.

4.

Se

6e

50w
Time and date of opening: 9:15 A. M.
Sept. 6, 1928
Laboratory temperature, 62 degrees F.

Emergence: Ts minutum none. S.

cerealella~~three living larvae

ocrawling about over the eggs;
eight dead larvae on the cotton
wo0la
Method of shipping: firat class mail
(train).
Parasitized eggs were not held out of

cold storage before shipping.

Second shipment:

1.
2.

Sa
4.

6.

Shipped Sept. 4, 1928,

Time and date of opening: 10:30 A. M.,
sept. 7, 1928.

Laboratory temperature, 67 degrees F.

Emergence: T. minutum noné. Se.

ceresalella-~four dried up larvae

in the cotton wool.
Method of shipping: air mail.
Parasitized egres were held out of
cold storage until the grain moth

larvae had emerged.
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The percent of emergence and the condition of
the parasites in both shipments was about equal--the
parasites shipped by air mail had a 3 per cent advantage
in emergense over those sent by train; which would be but
a slight advantage for the faster air mall method of ship-

ment.

PROPOGATION AMD FIRLD LIBIRATION TULSIS

AT HOOD RIVER, OREGON.

Rearing Operations.

Rearing operations for the production of numbers

of Trichogramma were almost identical with methods used

at Corvallis, except that there were not as many cages
uged for tﬁe raising of the angoumois grain moths Collect~-
ion of the moth for oviposition was also less frequent.

A new vacuum colleotor had to be purchased and
made over into an "insect collector" during the month of
July, 1929. This was a big improvement as the old collect~
or was completely worn out.

Method of Securing Parasitism.

One-quarter of a disc of grain moth eggs, which

had previously been parasitized by T. minutum, was placed

with a full disc of new eggs in a petrl dish. The emerg-
ing adult parasites soon mated and oviposited in the eggs

on the new disc.

Laboratory Breeding and Propogation Recordse.
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Records are complete for all parasites handled
by the writer in the laboratory during the scason of 1929
at Hood River, ure. Records are for Sitotroga eggs after
they have been shellaced on the cardboard discs.

(See table number 1).




Breeding and Propogation Recorda.

(Table No. 1).

‘Ho. of rar.
Admitted
Yer Card.

Tgg Card Date of
Ko. Oviposition.

Ro. ol

Eggs on

Card.

Pate of
Parasite

Ter Cént of  Hemarks.
FParasitism,

Emergence.

1. 7/9/1929

2. 7/9/1929
Be 7/10/1929
4, n/e2/1929
5. 7/24/1929
6. 8/14/1929
., 8/22/1929

3000

2000
2000
2000
1500
1800
1700

1700
1900
2000
1800
1300
1950

8. g8/22/1929
9. 8/24/1929
10. 8/24/1929
11, 8/27/1929
12. 8/27/1929
13 8/%0/1929

11,800,

12,100.
11,500.
22,500,
11,600.
11, 200.
11,100.

10,000.
18,000.
17,000.
19,000,
10, 000.
16,000.

Stored

Stored

7/20/29

8/z2/29
8/4/29
Card a
Stored

Stored
Stored
Stored
Stored
Stored
Stored

Placed in Cold
Storage. -
”

84%

80%
85% X
729 &

83% n 1
due to mite depredations,
78% Placed in Cold
Storage.
n

Libverated 1
"

failure

n
L]

| ]
"
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rarasite Sh;pménts Regelved From Outside Sources.

A shipment of parasites was received from Herbert
Spencer, assistant entomologist, lLoulsana Experiment Station,
Baton Rouge, July 3, 1929. This was to augment the supply
oa hand at Hood River. Approximately 50,000 parasitized
grain moth egge were in the shipment.

Natural Trichogramma Parasitism--Recovery.

A check by Leroy Childs, superintendent of the
Hood River Experiment Statdon, and the writer on late gen-

eration codling moth eggs parasitized by T, minutum showed

a natural parasitism of 3 per cent in the experiment station
orchards.

Laboratory Observations.

July 23, 1929, Eleven parasitized codling moth
eggs, on five apples, were covered separately by thin glass
vials. The mouths of the vials were simply pressed into
the flesh of the apple, thus sealing all means of exit of

the adult parasite when it emerged.
July 29, 1929, Two adulte of Trichogramms had

emerged in the vials. One was dead.

Aug. 2, 1929. Two adults emerged, both.T. minutum.
Aug. 6, 1929. Four adults of T, minutum had

emerged. Only one was still alive.
Aug. 9, 1929. The remalining three egga were

dissected. Two dead pupae of T. minutum were found in one
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egg, and one in each of the others.

Orochard Iiderations of Trichogramma.

Location.

Mature Newlown apple trees, in the experiment
station orchard at Hood River, were selected for liberation
experimsnts. A few trees were also utilized in Mr. Benton's
orchard, about threec miles S. V. of the station orchard.
Methods.

Liberations of parasites were made by tying one-
fourth of a card of parasitized ingoumois grain moth eggsn
to branches of the apple trees selected. One-half of the
eards were tied in the trees by fine copper wire, and the
other half by cotton thread. The two methods of hanging
the cards were adopted to check on depredations of ants and
other predators that might erawl down the cord.

Most of the trees were infested by Trichogramma

at the rate of one parasite to 14 codling moth egga.

Check trees adjacent to trees in whieh parasites
were liberated were kept under observatioﬁ throushout the
season.

The following table is a summary of Trichogramma

liberations for 1929 at Hood River.



T. minutum Liberations at Hood River. (Table No. 1I).

TTb%. Date of  Ho. of  Portlon of Codling Moth Locatlion Remarks.
No. Liberation Parasites Cards Hung Infestation. of Tree.
Libverated Up,

I. 7/571%8% 4,000. T Yedlum, 5.E.Orchard Unsprayed Check..
- Hung up by string. ,
2. 7/9/1929 4,000, Y Medium, " Same Tree. " 4
3. 7/20/1929 4,000. % Light. S+E,Orchard Hung up by string. i
4. 7/20/1929 4,000. ; Light. " Same Tree n |
b. 8/7/1929 9,500, i Heavy Central Hung up with fine
Orchard. wire.
6. 8/7/1929  3,500. % Heavy " "
7. 8/10/1929 &,000. 3 Heavy n J
8. 8/10/1929 3,000, 4 Heavy " "
9, 8/14/1929 4,000. § Medium Benton's n
Orchard.
10. 8/27/1929 3,800. % Medium n n

A total of 36,800 parasitized grain moth egegs were set out. From counts
01 emergence holes in 3itolroga eggs over a series of the parasitized cards in

the orchard there was an average of 81 per cent parasite emergence, or 29,808 adults

of Trichogramma,
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Firat Control “xperiment.

The approxiriate nerceont of infestation for three
TJewdown apple trues, closely leocated in the . Te Orchard
of the experimeat station, wis estimated before July 1, 192%.
7wo of the trees were used for liberations of

T. minmutun, the other beling used as a check treu.

Data on locatic: of the control trees, per cent
of codling moth infestation, nunber of parasltes lideraied
per tree, spread of parasite fnlestation, uand the cheo. oun
the amunat of parasitism are shown fa table numbor IIl.

Zecond control xreriment.

Materials and methods were the same as thoe Tirast,
only the oxperiment was in a different location. ‘iesults
are shown {n table Ill.

Third Gontrol “xoeriment.
faterial and methods were tho pame as Iin the first

and scoond exceriments, with the exceptiion of the location,
which wag in Yr., Zenton's orchard. Hesults are schown in

table mumber V.



First Control fxperiment. (Table No. 11I1).

Tree Numbers. 1. Ze 3.

Location. S.E. Orshard. S.E. Orchard S.E. Orchard.

Variety. Newtown, Newtown. Rewtown.

Codling Moth Infestation. Light. Light. Medium.

Number of Farasites lLiberated. 8,000, 8,000. Rone.

Date of libveration. July 9, 1929 July 9, 1929 ~e-e-

Spread of Parasite Second Day. 5 feet. 5 feet - o e
niestation. Third Day. . 16 feet. ————— - ;
Spread In Feet. Fourth Day. 22 feet. 11 feet ————— o

Spread to Other Trees. 3 adults on No spread. = ~=-e= 'y

2 trees,

Check on Yarasitlsm,
A. Yirst Generatlion No. of Codling

Codling Moth Moth Eggs. 13. 4. 7.
Farasitienm. No. of Eggs -
Parasitized. 4. 2 0.
B. Second Generation No. of Codling
Codling Moth Moth Eggs. Se Ge 7.
- Parasitism. No. of Eggs
Parasitized. 5. be le
Final Check Ko. of Wormy
on Parasitism Apples. Ce 19. 4] .
rFer Tree Ro., of Clean
Apples. 301. 572. 473,
Per Cent of i
Wormy Apples. 3% 3% 9%
Other Notes. A total of 46 codling moth egss were

counted for the three trees, 17 of which
were parasitigzed, g¢iving a percentage of
37, or less 3 per cent natural parasitism. 34.




Second Control Experiment. (Table No. 1V).

Tree Numbers. T, T B
Location. Central Central Central
Orehard Orchard Orchard.
Variety. Newtown. Newtown. Newtown.
Codling Moth Infestation. Light. tfedium. Medium,
Fumber of Parasites Liberated. 7,000. 6,000. Hone.
Date of Liberation. Aug., 7, 1929 Aug. 7, 1929 e
Spread of Parasite Second Day. eet G feet ———ee
niestation, Third Day. 4 feet 11 feet -
Spread in Feet. Fourth Day. 10 feet - ——m——
Spread to Other Trees. No spread Ko spread - I
eck on Parasitism. ’ o
A. First Generation Ko. of Codling !
Codling Moth Moth Eggs - - S
Parasitism, No. of Eggs
Parasitized. - ————————— -
B. Second Generation No. of Qodling
Codling Moth, Moth Eggs. 6. 13. 10.
Parasitism, No. of Eggs
Paragitized. 1. 4. 1.
TInal Check ¥o. of
on Parasitism Wormy Apples. ~ 1Z2. 16. 39,
Per Tree. No. of Clean ‘
Apples. 412, 390, 6561.
Per Cent of 4% v 4
, Wo Apples. 3% 4% 7%
Tther Kotes. ==L X total of 29 codling rmoth egrs were

counted for the three trees, 6 of which were
paragsitized, or 2l%.




Other Notes.

A total of &9 codling moth egzgs were
counted for the three trees, 12 of which
were parasitized, or.ﬁlﬁ.»

Third Control Experiment. (Table KNo.
Tree Kumiers. 1. 8 B
Location. Benton's Benton's Benton's
Orghard. Orchard. Orchard,
Variety. Delicious, Newtown. Newtown.
Codling Moth Infestation. Medium. Medium. Heavy.
Kumber of Parasites Liberated. 4,000. 88,0000 Kone,
Date of Liberation. Aug. 14, 1929 Aug., 21, 1929 wwwaw
Spread of rarasite Second lay. e merem e ——— | seeee———— cewe  eemeem——— -
eatation. Third Day. - o e om0 6-feeat - e
prea n Feet. Fourth Day. 5 feet 1y feeu mm————————
Spread to Other Trees, 11 adults on 2 adults. o
2 trees, T
chesck on Parasitism.
A. First Generation No. of Codling
Codling Moth Koth Eggs. - e m - ———————
Parasitisnm. No. of Eggs
Parasitized. e nmn - ——— e - o - o e > e
Be. Second Genermtion No. of Codling
Codling Moth Moth Eggs. 12, 16. 11.
Parasitism, No. of Bggs
Parasitized 4. 7 1.
FInal Check ~ Ro. of
on Parasitism wormy Apples. 39, 47. 41,
Per Tree. Ho. of Clean
Applas. : 465, 588. 229.
Fer Cent of
wormy Apples. 8% 8% 18%



The spread of narasites in feet was obtained by
making careful observation as to the distaince individuals
had traveled from the cards during second, third, and
fourth days following liberation.

The codling moth eggs couated in each control
experiment for the check on parasitism 414 not comprise the
total number of eggs per tree by any means, but they were
all that could be found and counted in the allotted time.

4n average of 29.6 per cent parasitism by T.
minutum was obtained for all eggs counted. Three per cent
for parasites native to Hood River was deducted from this
to give 26.0, the pereentage of purasitism obtained from
the introduced colonles. This, of course, includes the
check trees. Liberation trees alone yieslded a count of 81
codling moth eggs, 32 of vwhich were parasitized, or 40 less
3 equals 37 per cent. This fipgure alone is fairly prom-

ising result, but it can be severely discounted by the

poor dispersal of the parasite from one tree %o anothere.
(ut of 41,000 parasites liberated on six different trees
only 16 adults were ever found on adlacent trees. i1leven
were found or two trees that were both on the windward
slde of a libveration tree, indicating the influence of
prevailing winds,

The final check on parusitism by means of counts
on numbers of wormy apples indicutes, in the case of each

experiment, the favorable influence of T. minutum, but it




does not take into consideration the many outside factors

that almost nullify the value of such figures. If the

trees could have been caged in and factors eliminated. such

as codling moth adults from other trees and Trichogramma

already present the counts would have been of much greater

value.

Length of Trichogramma Generations at Hood River.

Fifteen parasitized codling moth esgss were kept
uader obsefvation in the orchard during the months of
July and sugust. Six of these were observed when a
Trichogramma female oviposited. It was found that the
average length of a generation in the field was 16 days,
with a maximum of 21 daye and a minimum of 12.
HISTOLOCICAL TECHWIQUE IN THE STUDY OF T. minutum.

On account of the small size of Trichogramma

and the opaqueness of the Sitotroga host eggs microscopic
examination of the various stages could not be made until
apecimens had been carefully mounted, usually in toto, on

slides.
A total of 46 slides of T. minutum were made,

Seoctions of the parasite within the host were mounted, but
these did not prove very successful, chiefly owing to the
hard shitenous covering of the Sitotroga eggs which rea-
dered them most diffieult to iafiltrate, embed, and sec-
tion. The few pirtially successful seotions obtained

were stained Heidenhain's iron-alum haematoxylin--eosin.
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The most successful procedure for making slides
of parasitized Sitotroga egzgs in toto was as follows:

1. Kill and fix the material with
bolling water, or Bouin's solution. Chromic~
agetic-alcohol fixitive was not as successful as
Bouins.

2. Place in 15, 30 and 50 per cent
alcohol for 2 hours each.

3. Place in 70, 85, 95, and absolute
alcohol for 4 hours each.

4. Place in cedarwood oil 50 per cent
and absclute alecohol 50 per cent for 6 hours.

5. Clear in cedarwood oil for 8 to
12 hours.

6s Mount with Canada balsam. Use the
following method for mounting adults: place the
specimen on its Lack in a clean drop of water on
a cover slip. Plase the cover slip‘on a microa~
cope slide. The wings, antennae and legs of the
parasite are then spread in position under the
binocular microscope. while still damp the spec-
imen is brushed over with & thin solution of gum
aravic and water. This dries fairly quickly and
fixes the specimen to the cover slip. Touch the

specimen with a small drop of btalsam when it 1s




thoroughly dry. ~?lace another drop of balsam on
the @lide. Turn the cover slip over with a palr
of forceps and place 13 on the fresh drop of
balsam. This pregsents the specimen with its back
up.

several nounts of the aprendages of the adultis

were made, also of the predatory mite . ventricosus.

SUMMARY*#**REC OMMEND ATTONS .

The quantity production of T. minutum in the

laboratories at Hood River und Corvallis hag proved both
feasabie and practicul, ev;n with limited egquipment, How-
ever, before large-scale dally production can be attenpted
certain importunt additions to rearing equipment would have
to be made. A rearing room, about 12 by 14 feet--one that
could be made air-tight for fumigation--with thermostati-
cally-controlled temperature, would be a very necessary
addition, but of course would be rather expensive. Bins,
similar to those used by Hinds and Spencer (70), would be
& necessary adjunct to the rearing room, to hold large
amounts of cora and wheat for the raising of grain moths.
4 small cold storage plant~--"Frigidaire™ preferred--where
variation of stor.ge temperature could be easily seocured,
would be an even greater requisite than the rearing room.
Additional egg-laying chambers and rlassware would have

to be added.



Only by the production of enormous number g can

Trichogram:a be made a reully effedtive agent in the con-

trol of codling moth in the Pacific FJorthwest. Because
of 1its poor powers of dispersal fron one tree to another
liberations of many thousands would have to be made in
almost every tree in an orchard. Thirty thousand parasites
per treé per season would be a conservative estimate for
effective control. Even then there is always the danger
of great loss through changes to other hosgts, and from
cold wet springs. Then there is the mysterious loss in
overwintering, part of which is due also to migration to
other hosts.

Mass production at low cost may prove to be the
deciding factor in the control of codliing moth by the
parasite., If one millio: Prichogramma per day could be

raised for less than 310 the liberations could be made on
such a large scale that even the drawbacks cnumerated in
the foregoing paragraph might be nullified, and a parasite
superiority brought about which would help greatly to
reduce the host £o the point below the economic minimume

II. ASCOGASTER CARPOCAPSAL (Viereck).

INTRODUCTORY RuMARKS.

Ascogaster earpocapsae was first Investigated

as a parasite of the codling moth by the writer in the
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summer of 1926 at the Dominion entomologicul luaboratory
Vernon, B. C., Danada. It was not until the season of
1928 that any experiments with the insect were undertaken
at the Oregon station.

In contrast to Trichogramma minatum little was

known of the life history and habits of ascogaster; it was

a much more obscure parasite than the former. Greater
emphasis, therefore, was placed oan the study of the varlous
habits and the astages in the life cycle of the insect.

Yo elaborute propogation methods for the rearing

of Ascogaster carpocapsae 1a the luboratory have ever been

undertaken. The parasite was 10t indicenous in the state
of iwashiagton or province of B. C. so it had to be intro-
duced. E. J. Newcomer, senior entomologist of the U.S.D.A.
has been the pioneer fron this standpoint, just as has
Stanley E. Flanders i1 the matter of reariag of large

aumbers of T. minutum.

Mr, Yewconer imported the parasite from the eaat-
ern st.tes, about the year 1925, and has since bred up the
stock to coasiderible nuabers in the field. From a block
of 58 trees about the original liveratio: poiat 22 per cent
parasitism wus obtained in 1926. This was lncreased to
31 per cent ian 1927, for 7,700 codling moth larvae were
fouad par.sitized out of 24,800 larvae examined in the

same block of 98 unsaprayed trees. The parusite has been
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shipped to other parts of wWashington, and to British
Columbia. A slow subd marked spread has been the result
since the season of 1927,
The work at the Vernoa and Corvallis laboratories
comprised in the maln, therefore, studles of the life hist~

ory and habtits of ascogaster, liberations, orchard surveys,

and a few experiments on commercial propogation.

DISTRIRUTION.

Ascogagter oarpocapsae is, as nearly as can be

ascertained, a natlive parasite of North america. It is
indigenous i1 practicully all of the north eastern and
central Unlited Stutess. Unpublished records also show that
it is also native 11 the states of Uregon and California.
The only instance quoted which would seem to indicate the
parasite is present in a natural state on other continents

is that of Bragina (1), who claime to have bred .iscogaster

from youag codlliag moth larvae near Belgrade, Serbia. It

seems doubtful 1f these were speclies of carpoeapsae as they

emerged from young codling moth larvae, which wus never
the cuse with any of the adults bred through by the writer,
There nmight, of course, be a Zuropean strain, differing
in parasitic habit.
HOSTS.

The difference in the number and variety of

hoats between this parusite and 7. minutum is very marked.
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Apparently the insect 1s quite selective as to its hosts.

It also exhibits a preference, favoring the d&odling moth

quite distinctly. Hosts of Ascogaster are as follows:
ORDER LEPIDOPTERA.,
Family lLimacodidae.

l. Cnidocampa flavescens Wlk. Striped Peach

Worm (22)
Family Gelechiidae.
- 1. Gelechia confusella Cham. (11) (13)

Family Eucosmidae.

l. Polyorosis viteana Clem. Grape Berry Moth.
(12)

2. Carpocapssa pomonella L. Codling Moth.

(Reared) (2) (9)
5. Iaspeyresia molesta Busck Orlental Peach

Moth. (3) (8) (18)
Only five known hosts, as compared to over 100

for T. minutum.

SYSTEMATIC CONSIDERATION.

Description and Synonomy.

The type locallty of iscogaster carpocapsae is

Douglas, Mich. The original deseription, by H. L. Viereck,

August, 1908, is as follows (20): T"Chelonus carpocapsas,

new species. This species is very like C. fissus, from

which species as well as all other epecies of Chelomus it
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can readily be separated by the atructure of the metathor-

ax, which along the outer and upper edge of the posterior
face is produced into four neurly equidistant prolonga-
tions that are nipple-shaped in outline, the productions

nearest the middle line are farther from each other than

from the outermost produstions. This structure of the
metathorax calls to mind the structure of the apical mar-
gin of the abdomen in Chrysis (Tetrachrysis) nitidula,

though the productions are by no means thinned out or
polnted in this case as in the foregoing specles; scape
and basal half of posterior tiblae mostly brownish, the
apical half almost blacke

Iype--lo. 12258, U. S. FJational !Museum, washing-
ton, D. C.

On authority of ir. Braucher, workiang under the
direstion of Mr. Guaintance, the host of this species is
the codling moth or Carpoecapsa pomonella.™

The original description is found in Viereck's
article one "Descriptions of Tew Hymenoptera.* Proceed-
ings of the Entomological Society of wWashington, volume
XI, page 43.

Chelonus carpocapsae Viereok, embodying the o~

riginal gemus in whioch the parasite was described, is now
a synonym, the species being more recently placed in the

genus .scogaster Wesmael. This is the only synonym.



Classification.

isoogaster carpocapsae belongs to the order

Hymenoptera, the suborder Clistogasira or Apoorita, which
is distinguished as follows: the second abdominal segment,
which appears as the first, is constructed to form a narrow
petiole or waist between the large portion of the abdomen
and the wingbearing regioa of the body. The family
Braconidae belongs to this suborder. The distinguishing
charaocteristics of the family are as follows: a large
family with specimens of small or moderate size; the costal
cell of the fore wiangs has been elimiaated by the coales-
cence of veins. The venter is membfanous and has in dried
specimens a longitudinal fold; the wvein between cell M1

and cell 1st M2 is wanting (21, IX ). The cenus iscozaster

is distinguished by having the clypeus not emarginate; the
abdomen concave beneath, and with only one segment visible
above; the fore wings with three submarginal cells; the

eyes bare.

In America only a small number of species make

up the gemus isscogaster: A. provancheri Dalla Torre (21),

A. flavieeps ash. (21), A. provuncheri var. pallidicornis

Vier. (21), A. oarpocapsae (Vier.) (21), A. olethreuti

Vier. (21), A. aughei 1a Mun, (3) ie. nevraskaensis

La Mun (5), A. rufipes Prov. (6). Eight species in all,

with one variety. The followlng are evidenily buropean



species: i. annularis, i. guadridentatus, i. canifrons,

and A, rufidens.

ADAPPABILITY TO CONPROL UF CODTING MOTH.

From the standpoint of the conventional insect

parasite i, carpocapsae appears to be much more a promising

species than T. minutum. A few of its advantages as a

codling moth parasite may be enumerated as follows:

l. It mate: and oviposits readily in confinement.

2 It has a limited host range, and a preference
for the codling moth,

J« It has no alternate host, and will develop
throughout the year in the codling moth.

4. Its powers of dispersal are good--much better

than Trichogramma.

be It has an equal development range with its
host.

6. It accomodates itself to the codling moth
generations according to the locality.

7. It is fairly free from hyperparasites and
predaceous insects. _ '

8. It is capabple of outnumbering its host in
the field. .

Y. Afults will live for over a week and

continue to oviposit throushout most of their life.
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Fastors which l1imit the usefulness of .scogaster

l« It is very hard to raise in large numbers
in the laboratory owing to lack of a suitable laboratory
host.

2. It does not kill the host before it hatohes
as does Trichogranma.

3« It has a rather serious hyperparasite --

Dibrachys boucheanus (Ratz.).

4o VWhere sprays arc applied for the control of
the host the parasite is subject to the sane mortality as
the host owing to its long period of development within
the tissues of the latter, |

O« It is prey for birds and insect predatoré
which attack its host.

6. It is subject to superparasitism by

Calliephialtes messor Grav., also by other specimens of

its own species.

LIFE HISTOURY AND HABITS OF_a..carpocapsae.

This insect is an example of a parasite that
iives I1or 4 long period of time within the host and de-
siroys very few of 1ts tissues. This is an uncommon
occurrence withian the field of insect parasitism.

Mating and Ovipoaition,

The adult parasites are restless nervous insects,
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and they exhibit sexual interest as soon as they are able
to fly, especially if they uare placed in sunlight. They
mate readily, either in confinement or in the orchard.
Copulation last about one mimate, and the positions assumed
by male and female in the act are normal for insects.
Females have remained gravid and have continued to deposit
eggs for 10 days in the laboratory.

Owing to lack of knowledge as to which stage of
the @odling moth that was attacked hy.the parasite ovi-
position was at firast not observed in the laboratory.
Larvae, pupae, and eggs of the codling moth, also an egg

mass of Archips cerasiforana (Fitch) were placed with the

parasites in the rearing tubes, but little interest was
at first manifested by the adults. i day later two females

and two males of Ascogaster were placed in a vial contain-

ing 14 codling moth eggs, laid on the glass. After about
five minutes the fe:ules discovered the eggs, and immediate-
1y began to feel and pat them with thelir anteniae. They
next stood astridedof them while they punctured the chorion
with a slight drilling motioa, discernible in the movement
of the abdomen. .ctual oviposition only lasted ubout 20
seconds. The parasites were removed after 20 minutes,

and they were s8till ovipositing at time of removal.

Three days later a female from one of the feeding

tubes was confined for 2% hours in a small vial within




which was a pear leaf containing nine eggs of C. pomonella.

From a falirly constant observation it was noted that every
host egg was parasitized, some more than once.

Four females, from one of the buttery jar cages,
were placed separately in small vials, within which were
small portions of applelleaves, each containing from two
to eight codling moth eggs. Uviposition in each vial was
quite rapid and apparently very thorough.

The parasite egg hatches four to six days after
the hatehing of the codling moth egge.

Ye Ge Thompson, of the Oregon ixperiment Station
(Unpublished. Notes cannot be located) claims to have

observed iscogaster in the aet of depositing_eggs on the

outside of the host egg, and in its immediate viecinity.

This ectodeposition is charasteristic of many Braconids,

bﬁt nevertheless Thompson's observations are coantrary to

the findings of ﬁowcomer‘(unpubliahed), Cushman (24) and

the writer, who have ull obaserved the parasite egg to be

deposited inside the chorion of the hust e'ge This point
is one that demands further 1nvestigation.

Emergence of larvae.

Larvae of .i. carpocapsae commence to emerge from

the overwintering and second brood codling moth larvae a
little before the emergence of moths. The caudal end of

the parasite breaks through the epidermis of the hcst
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at a middle ventral segment of the abdomen, and then
emerges very slowly. (hen about half the larvu has come
out the candal end is often pressed agcainst the side of the
worm to assist the former in freeing itself more quickly.
The parasite larva takes from 20 minutes t0 one hour to
completely free itself from the hoat. (Pl. X)
Description of lLarva.

The mature parasite larva, on emergence, is a
1light oream color, very shiny; average length 5mm. (Pl.X);
head very indistinct, but with mouth parts visible; a grubd
otherwige devoid of all appendages.

Condition of the Host on Emergence of the Parasite.

The parasitized host larvae are about two~thirds
grown at the stage of parasite emergence, and are in co-
coons. They are in a very shrivelled condition, and their
color is darker than the average. The codliag moth larvae
do not die until the parasite commences to emerge. In
fact some worms showed slgns of 1ife when the parasite
larvae were over half way out.

The parasitized larvae exhibit their stunted
condition when they emerge from fruit. . measurement of
20 head capsules of full-grown codling moth worms, half of
whioh were narasftized, showed an average size of 1.6 mm.
for the normal larvae, and 1.5 mm. for the parasitized

larvae. Observations: cheok with an experiment performed
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by Hammar (10) ia 1912.

Pupal Stage.

The larva of .. carpocapsae spins a cocoon and

pupates as soon as it emerges from the host,

The cocoon of the parasite is formed inside the
old cococon of the codling moth. Five days after emergence
of the larva the cocoon appcars as 4 slightly transparent
and snow white cylindrioal objeot; except for several
hollows and ridges, rounded at each end. There is a
distinet lustre to the cocoon. The numerous threads are
clogely iatted together and there ure few stray or attach-
ment threads. The head of the pupa shows through the
cocoon as & light brown mass.

Adult St&gg -

The adult emerges 10 to 15 days after pupation.
It pushes out from the cephalic end of the cocoon, tearing
loose a circular plece of the latter which usually remains
hingecd to the rest of the coecoon by several silken threads.
(21, X-4
Hablts of aidults.

The adult parasites are very asctive nervous
ingects. In all their 1ife processes this activity ia‘
continually exhibited. whenever a shipment of adults is
libersated in an orchard the females begin at once to hunt

diligently for eggs of the ocodling motb, flying from one
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leaf to another, crawliag all over the leaf and feeling
its surface with their oviposlﬁor.
Adults fed frecly in captivity in the laboratory.

During the first season a large series was fed on a 50=-50
honey and water mixture, drops of which were placed on a
wax smear inside long glass wvials. The next scason a new
feeding mixture was tried, made up of the following:

Cane sﬁgar................z 0Z.

Amyl acetatC.cccecscccccecsesd CO.

WabOreeeeceaccocssscensass?B8 CC.

Ethyl alcohol (100%)eec..20 cGC.
The sugar was dissolved in the water, which was heated,
and the amyl acetate and alcohol were then added. i/hen
cool a drop of this mixture was placed on a wax smear on
a glass slide. The slide was cemented to a glass stand
in a large feeding jar (battery Jar), which contained,
on the average, 20 adult parasites. after a thorough
trial it was found that the foregoling feeding mixture
kept better than the honey and water mixtire, but other-
wise had few advantares.

The life of the adults of A. carpocapsae averaged

from eight to ten days in the laboratory without food, and
two to three weeks with food.

Hyperparasitigm.

Care was taken to breed out all material received
from Mr. Hewcomer at Vernon, Corvallis, and Hood River, to

the adult stage before any liberations were made, This



care was rewarded when three lots of hyperparasites were
reared on different occasiéns. These were determined by
A. B. Gahan, U. S. Bureau of Entomology, as Dibrachys

bousheanus (Ratz.). All hyperpardsites have been destroy-

ed as soon as they emerge. These precautions may be

futile as the species is prodably indigenous.

COMMERCIAL REARINGC O A. .carpocapsae.

| Commercial rearing, if it could be called by
that term, was undertalen to obtain a greater number of
paragites from the originul importedl stock secured from
Mr. Wewcomer, and to inecrease the number of overwintering
larvae.

Materials and methods were simple, most of them
already having been referred to.

The ocorrugated cardboard, containing thg puparia
of the parasite, was cut up into small strips, each con-
taining about five pupae. About 12 of these strips were
Placed on the floor of a tightly-fittiag wooden ﬁox cage,
6 by O by 9 1nches in size, with holes bored to receive
emergence vials. The emerging adults, being positively
phototropic, flew or crawled into the vials.

The adults were transferred from the cmergence

vials to 10 inch battery jar cages. These had a layer

of moist sand on the bot.om, u feeling stund (previously

described), and a wire screen top held on with a special



clamp.

Codling moth eggs, on foliage or fruit, were
placed with the adults in the battery jar capes. Ovi-
position took plase juite readily. The parasitized eges
were then placed in other battery Jars with apples, and
the 1ife cycle of the codling moth allowed to continue
until emergence of the parasite.

LIDERATION OF PARASITES.

ILiberations of .. carpocapsas were made at Ver-

non, Kelowna, and Cranbrook, B, C., and at Hood River, Ore.

The first liberation was mide «t Kelowna, June
14, 1927, when 35 adults were let loose. .. second liber-
ation was made at Kelowna in .mgust of the same yeur when
100 parasites were set free.

Thirty adults were liberated ot Veraon in .ug-
ust, 1927,

a shipment of parasitized codling moth larvae,
reared ia the laboratory, was sent to ... .. Dennys, Jjun-
ior entomologist of ﬁhe Dominion government, at Cranbrook.
Hr. Dennys bred through and liberated 60 adults of a.
carpocapsae from the shipment.

Sixty-five parasi tes were liberated at Hood
River in June, 1929.

SUMMARY *x »»REC OMMENDATIONS.




Ascogaster carpocapsae, as a codling moth parasite,

has two advantages over T. mianutum that, in the writer's

estimation, place it above thc latter from the standpoint
of potential biologicul control, aumely its narrow host
range and preference for the codling moth, and 1ts power
of dispersul. . third, though less marked advantage is
its safe, more stable overwintering habit--within the
cocoon-protested larvu of the codling moth. |

at present there is not much promise for the
parasite from the stundpoint of commerscial propogation
until a more sultaile laboratory host has been discovered,
and the technique of reuring large aumber of the parasite

in the laboratory has been perfected.

The keynote for future work with .. earpocapsae
then is infestigatiog of 4 method (o raise 1t in large
numbers. ..dditionul aand nmore intensive field surveys of
the natural occurrence of the parasite, its dispersal, und

its perccnt of codling moth parasitism arc also required.
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1, (11) pt. 1-3, page 61l.
- Mentioned as & parasite of the codling moth.

17. Britton, . B. 1919.

The Oriental Peach Moth. Coan. bull. 211,
page 303.

Mentioned as reared from eggs of the moth--
80 per cent parasitism.

18, Caffrey, D. J. 1919.

Pacts Revealed in two Years Work with the
Furopean Corn Borer in HMass. W.Y. Dept. Farms and
HMarkets agricultural Bull. 123, page 49.

20,000 eggs of Buropean Corn Borer collected,
voth first @id second generation. Jo Trichogramma
parasitism in first, 30 per cent in second--Hass. und
EPY &

19. Caffrey and worthley 1922.

The Huropean Corn Borer. U.S.D.a, Farmers'
bull. 1294, page 26.

Trichogramna minutum mentioqed as a parasite
of corn borer eggs. Very variable in ocourrence.
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26.
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Cameron, 4. B. 1926.
Biono: i s of the Tabanidae of the Canadian

Prairie. Bull. int. Researdh. VYol. 17, page 38 to 39.
Tabani eggs mentioned as hots of Trichogramma.

Chopra, R. L. 1928,

Annual Report of the Entomologist to the
Government, Punjab, Lyallpur, for the year 1925-26.
Rept. Dept. ig. Punjab 1925-26, pt. 2, vol. 1, pp.
67-125. Lahore.

60 to 80 per oent parasitism in .ug. and
Sept. on Diatria auricilia and Chile simplex.

Cleare, L. D. 1928,

A Method for the Rearing of Egg Parasites
of the Sugar-cane Moth Borers. Bull. Ent. Res. vol.
19, no. l. pages 31-38. 2 plates, 3 figures.

Detalled account givea of method of rearing
Trichogramma in Br. Guiana since 1921, 75 per cent
rarasliism of Diatraea in field., Method may be
applicable to ralsing of other species of Trichogramma.

COIOB, EQ Dn 1917"‘"1918-

Porto Rico Report of Dept. of igric. and Iabor,
1917--1918, page 4l.

Prichogramma found as parasite of Diatria
in Trinidad, Barbados, and Porto Hieco.

Cory, #e No 1919.

The Studus of the Oriental Peach Moth. Jnl.
of kd. Ent., Vol. 12, page 82.
Te T. minutum parasitized 60% of this moth's
eggs in 1918 and 80% in 1917, in Maryland.

Cowland, J. W. 1926.

Hotes on the Sweet irotato yralid Moth.
B‘lﬂ.l. Eﬂt- RGSO 104 16, Pta 4.', page 5710

Trichogramma reared from eggs of Megastes
grandalis ia Trinidad.

Cresson, E. T. 1887.

: Synopsias of the Families and Genera of the
Hymenoptera of .merica, Jorth of Mexico. Trans. .m.
Ent. Soe. Supp. volume, 1887, pages 66, 80.
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systematic considerations of T. minutum and
related specles and genera.

27. den ﬂoop, Je Ea .ie 1918.

The Spread of Trichogramma, Lgg-parasite of
Heliothis obsoleta, on the .ast coast of Sumatra.
Mededeelingen van het Deli Proefstation. Vol. 10,
pages 213 to 220. (Duteh).

28. 7ine, Van, D. L. 1926.

The Sugar Cane Moth Stall RBorer. Tropieal
Plant Res. Foundation, bull, 2, washington.
Mentioned as parasite of D, saccharalis in

Cuba.
29. Dine, Van, DP. L. 1929.

Paragites of Sugar Cane Zorers. Jnl. fc.
Ent. vol. 22, no. 1, pages 248--268.

T. minutunm reviewed, along with all other
parasites of V. saccharalis in Cuba.

30. Dozier, H, L. 1917.

Life History oi the Ukra or Yallow worm.
Jnl. of Ze. znt., Yol. 10, page d42.

Trix mentioned as parasitlizing a group of
mallow caterpillar eggs.

31. DOZier. He Le 1927.
Department of Bntomology. Bull. Delaware
Age iiXpe. S5t., no. 1H2, page 23.
Y¥entioned as paraslite of codling moth.
32. Dn. ;)Ol‘te, ;;‘ Mo 19150

Inseots of S5t. annes, Que. unt. int. Soc.
Report, vol. 46, page O50.
Trichogramia effectually parusitized the
plum slug, ErIecaqgoides limacina, so that no spraying
wags necessary.
33. Du Porte, E. M., 1915.

A Brief Report on Some Phames of Entomologieal
Investigations. Ag. Gazgzetite of Canada, Vol. 2, pp.570

Trioh%gramma‘liated among four other par.sites
of the bud moth. eldom more than one parasite per
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egge 77 per cent parasitism obtained in orchards
in ue.

34. Du Porte, E. I". 1..5.

: Insects Attacking Fruit. Report of Gue.

Soc. for Protection of Plants. Vol. 7, page 76.
Irichogramma practically controlled the

plum slug (Elocampoides limacina). HNot neceassary

to spray in I1910.
35. Du Porte, E. Y. 1917.

The Eye-spotted bud Moth. ., ue. Sogc. for
Protection o Plants, Report, vol. 7, page 133.

ifentioned as parasite of the eye-spotted
bud moth (Imetocera ocellana). Drawing of adult.

6. 1sslg, E. 0. 1926.

"Ingecta of Western North america," page
819.

Given under fam. Trichogrammatidae.
Deseription, synonomy, and principle hosts.

37. Flanders, B. E. 1927,

Biological Control of Codling ifoth. Jnl.
of Ec. Ent. vol. 20, page 644. :

High peroent of eggs of codling moth
parusitize within two week after liberation of
large number of Trichogran.i adults in spring of
1927, dJormal egg parasltism wus too light to _
interfere with determiaing results of liberations.

- 200,000 parasites were raised per day from a
start in the fall of 1927 of 10 adults.

38 Fl&nders, Se. E. 1928.

Developments in Trichogramma Production.
Jnl. Ec. Ent. vol. 21, no. 3, page Dl2.

Improvements in the original method of
rearing Trichogramma.

The Production and Distribution of Trichogramma.
Jnl. Ec. Ent. VOl. 22’ Nnoe. l. p&ge 245-248.

Brief account of the nethod to produce one
millioa parasites daily is given.

39. Flaaders, S. . 1929,



40. Flanders, S. E. 1929.

A Simple HMethod of Obtalining Moth Eges.
Jnl. Fe. Ent. vol. 22, N0e 3, page 601.

lfoths coagregate on burlap sacks which are
placed over infested corn. The sacks are then
looped into a cone over ceylinders and the moths
precipitated into the cylinders.

41. Flanders, B. E. 1929.

The Mass rroduetion of 7, mimutum, Riley,
and Observations of the Natural and Artificial
Parasitism of the Codling Moth Egg. Transactions
of Fourth International Congress of Lntomology,
Ithica, ¥.Y. aug. 1928, vol. II, page 110 to 130,

Complete cutline of latest methods at
3atlcoy. Charts of control tests in the fleld.

4Z. Franklin, i. J« 1910.

Report of Cranberry Substation 1914. Mass.
bull. 160, page 110.

T. minutum the prineiple parasite of the
eranberry frull worm. Lggs turn black. 96 .
parasitism. O(ther hosts listed.

4. ¥Franklin, H. J. 1917.

Report of Cranberry Substation, 1916. lass.
bull. 180, page 228.

25% to 75% par. of cranberry fruit worm by
Trix on dry bogs; from 0% to 70% on those with winter
flowage in 19156. OGreat reduction on flowed bogs Gue
to long period of wet weuther in first part of season.

44, Fraﬂklin. He Je 1925,

annual Report Cape Cod Cranberries .ssn.
number 36, page 6.
Cranberry fruit worm, Mineola vaccinii,

ig parasitized by Trichogramma up to YU per cent
on both dry and wet bogs (1923).

45. Garman, . 1917,

The Oriental Peach Pest. Md. bull. 209, page 8.
T. minatum the most important parasite of
oriental peach moth. 80 par. of ergs in the field.
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46. Garman, P. 1918.

Comparison of Several Specles of Lepldoptera
Infesting Peach and .ipple in !faryland. Haryland bull.
225, page 117.

Prichogramma noted early in 1918 as parasite
of oriental peach moth (lLaspeyresia molesta).

47. Garman, P. 1928.

The Oriental Peach Moth in Conn., Conn. ..g.
bxp. St. bull. 294, page 270.

Numberas of Trichogramma liberated for control
of the peach moth. ~Necessary to rear these in large
numbers each year.

48, Garman, P. 1929%.

The Oriental Peach ‘oth. Conn. bull. 300,
pages 731-734.
Yentioned as parasitizing Pteronus ribesil

and Cydia molesta.
49, Garman and Jewett. 1914.

Life History and Habits of the Corn Dar
Worm. iye. bull. 187, page b78.

4 table 1is given of the amount of parasitism
of Chloridea obsoleta. ¥rom 1663 parasitized eggs
there was a 94 per cent emergence of advlts.

50. Gatenby, B. J. 1917,

The Embryonic Development of T. evanescens
Westw. Monembryonic Egg Parasite of Donacia simplex
Fab., Quarterly Journal of Mieroseopical Soec., vol.
62, new series. Tondon.

51. G111, J. B. 1917.

The Peach leaf Case Bearer. 1,S.D.i. bull.

571, page 1.
Trix mentioned as reured from the eggs of

the moth.
52. G111, J. B. 1917.

Important Pecan Insects and their Control.
UeSeD.di. Farmer's bull. 843, page 2l.

Prix mentioned as par. of pecan leaf case
bearere.
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Gillette, List, w«wnd Others 1926.

Seventeenth .unnual Rept. of the State
Entomologlest of Colorado for 1925. Cir. State Int.
Colorado, no. 51, 82 pages.

Yetter found codling moth freguently parasit-
ized by Trichogramma in summer and autumn. Suggested
artificial rearfng and gpring liberations to eheck
early alvances f the moth.

Giranlt' dAe Ae 1906.

Trichogramma pretiosa Riley. Oviposition,-
+ Resume, rayche, vol. 13, page 137.

Introduetory notes, ganeral manner of
oviposition, oviposition in regard to time, faulty
instinet. .. very complete account of oviposition.

Gir&nlt, Sa de 1907.

Notes on Trichogramma pretiosa. Jn. Y. Y.
Entomological Soc. vol. 1D, pages o7 and 117.

Deseription of copulation. The number of
nmales and females equal. OUwviposition. follows
copulation imnediately. Cop. takes place very
soon after emergence, tut may be delayed. Giraunlt
found 24 males to 27 femalea. Both sexes emerge at
the same time. Observations were in Texas on the b
bollworm.

Girault, aA. a. 1911,

On the Identity of the Most Common Specles
of the Family Trichogrammidae. Bull. Wisconsin HNat.
Hiatory. Vol. 9, no. 4, page 135 to 150, ‘

Girault, A. A. 1915.

Notes on Trichogrammatidae. Ent. Wews, vol.
26, page 32.

New host record for Trix: from eggs of Olene
pinicola, in Masa. and Wiscn.

Girault, A. A. 1915.

Geotaxis in Trichogramma minutum. Znt. News,

vol. 26, page 1l31l.

Positive rootastic movements of T. minutum
proved by simple experiment in 1904. Examples oF
its geotaxis on window panes given. True for most
species of this family. ‘
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60.

61,

62.

63.

64.

65.
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Girault, A. A. 1916.

Notes on . A. Mymaridae and Trichogrammatidae.
Ent. HNews, Vol. 27, page 5.

Rearing reccords of Trix from 5 other hosts
are given,

Gowdey, C. C. 1924.

Report of Government Entomologist of Jamaiea.
Ann. Rept. Dept. Scilence and Agr. 1924, page 19.
Kingston,

Mentioned as heavily parasitizing eggs of
D. Baccharalis.

Hasussler, G. J. 1929.

The Oriental Peach Moth. Trans. Peninsula
Hort. Soc. 1929, page 85, Dover, Del.
Mentioned as parasite of Cydia molesta.

Harland, S. C. 1915,

Jotea of Trichogramma minutum; .est Indian
bull. no. 15, page 168 go 175.

Harman, S. W. .1929.

The Bud Moth in Western New York. Jnl. fc.
gnte vol. 22, no. 4, pages 660-662.

Mentioned as a parasite of the eye-spotted
bud moth, Zucosma ocellana, Schiff.

Hase A. 1925,

Beitrage zur Lebensgeschichte der Schlupfwespe
Trichogramma evanescens westw. .rbeiten aus der
EIoTegischn Relohsanstalt fur Landund Forstwirtschaft.
Vierzehnter Band, Heft 2, Nerlin, page 171-224.

Detalls of breeding method for life history
studies are given. Host list of 65. Test showed no
host preference. Males may bve alate or apterous.
adults feed on sweet gubstances and require lots of

water. Adults will live 30 days if well fed. ‘'ating
is immediately after emergence--may be repeated.

Hagelhofr, Z. H. 1928,

Work .gainst the White wWoolly .phis and
Biology of the Borer Igg-F .rasite Voordracht
gehouden voor het Tiende




-§l~

Suikersongres te Soerabaia op 17 april, 1928,
‘“entioned as parasite of the sugarcane moth

borer. appears quite early in the season on small

plantations. Spreads slowly on larger plantationg.

66. Henneguy, L. F. 1904.
Les Ingectes. Paris.
67. Henriksen, K. L. 1916.

The iquatic Hymenoptera of EBurope and their
Biology. Entomologiske Meddeleser. Vol. 12, pages
178 to 180.

68. Hinds and Spencer. 1927.

airplane Dusting for Sugar Cane Borer in La.
Jnl. of EZec. IZnt. vol. 20, page 353,

D. saccharalis is highly parasitized by
Prighogramma, especlally after corn has become mature
and the parasites transfer their attention from the
eggs of the corn ear worm, tomato hor worm to the
eggs of the cune borer.

69. Hinds and Spencer. 1928.

Ingecticidal Control for the Sugar-cane borer.
Jnl. Ee. Ent. vol. 21, no. 1, page 196.

Tests of 50 different insectidides did not
affect unfavorably the work of 7. minutum, which
parasitized nearly 98 per cent of the borer eggs by
20th, Sept.

70. Hinds and Spencer 1928.

Utilization of 7. minutum for Control of the
Sugar Cane Borer. Jnl. of .c. &nt. vol. €1, no. 2,
pages 273-278.

Collectlons of Diatrauea eggs show parasites
few in number each spring, inercase slowly until
July, then besome very numerous and effective.
Technique and equipment for rearing parasites described.

71. Hinds and Spencer. 1929.

Trichogramma Experinents in 1928 for Control
of the Sugarcane Borer. Jnl. Econ. Znt. vol. 22,
no. 4, pages 633-636,.

Continuation of ¢ 'mmercial breeding of
Trichogramna. More than i million reared in 1928.




72.

73.

74.

75.

76.

7.

Table given showing colonization data and results.
dearly 100 per ceat parasitiam by late autumn

Hinds and Spencer 1930.

Progress in Utilization of 7. minutum in Cane
Borer Control in La. During 1929. ~Jnl. .. int.
Yol. 23, pages 121 to 127.

. Brief review in progress of breeding work.
Comparigon of parasitism in sugar eaane borer egegs in
colonized areas as compared with natural uncolonized
development of this parasite.

Hintzelmann, U. 1925,

Beitrage zur Morphologie von Trichogramma
evanescens ¥Westw., Arbeiten aus der BioIogIaaﬁon
Reichsanstalt fur Laddund Forstwirtschaft. Vierzehnter
Band, Heft 2, Berlin. Pages 225-230.

The morphology of the adult stage of X.
avano%gena is considered, numbers of good d&rawings

usirate the article.

Holloway, He. 1912,

Hote on Oviposition of I’richogramma. untomo-
logical News. Vol. 23, page 325,

Holloway, T. E. 1913 (Popular).

Progpsets of Controlling the Sugar Cane Borer
Effielently. La. Planter, Dec. 20, page 416.

Non-burning of trash in fields to control the
borer. Control depends on presence of Trichogramma.
Parasite commo: in La. and Texas.

Holloway, T. E. 1919.

Paragite Intro. as a Means of Saving Sugar.
Jnl. Eoc. %nte., vol. 12, pages 176-~178.

Holloway ships Trix, along with 4 other
parusites, from Cuba to Hew Orleans. Hethods of
collecting and shipping. JSugar leaves no loager burn-
ed but plowed under later, thus allowing Trix to
emerge from eggs on the leaves.

Holloway, T. 2. 1921.

European Corn Borer and Sugar Cane Moth Borer:
a Comparison. Jnl. Lc. Ent. Vol. 14, page 485,
’ Buropean coran bore well parasitized by
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80,
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82.
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T minutum, according to Marlutt. 100 of sugar cane
moth borer are parasitized late in fall; too late for
effectual control.

Holloway and Loftin. 1919.

Insects Attacking Sugar Cane in U, S. Jnl. of
Be. Ent., Vol. 12, page 448. Dautraes saccharalis.

Holloway aund Loftin. 1919.

The Sugar Cane Moth Borere. U.,S.D.s. bulle. 746,
pages 39-41l.

Trix universally distributed in lLa. and Texas ,
and an important control factori Parasites scarce in
early part of season. Beocome more and more abundant
as season progresses. Description of adults given
Low temp. ret.urds development. 411 died when kept in
a refrigerator over winter at 50 degrees F. Some
emerged at this temp. Trix hiberastes in cane trash
over winter.

Trix osccurs in Cuba, Porto Rico, Trinidad,

Br. Guianua, Barbados, Java, and elswhere.
Drawlngs cf Trichogramma accompany article.

Holloway, Haley, Loftin, and Heinrich 1Y%28.

The Sugar-cane Moth Borer in the United
States. Tech. bull. U.S.D.i. no. 41, 76 pages.
D. saccharalis reduced to some exteni by

Prichogramma. rTne parasite fostered by leaving the
rubeEﬁ In the sugar fields over winter.

Holloway, T. Esa 1927.

Parasites of the Moth Stalk borer. rroc. 2nd.
Conf. Internat. Soc. Sugar Cane Technol., pp. 66-68.
Havanae.

Mentioned as parasite of D, saccharalis.

Howard and Filske. 1911l.

Importation into U. S. of rarasites of the
Cypsy Moth. U.S.D.i. Bureau of Ent. bull. 91, page
257.

Ten adult parasites bred from one brown tall
moth egg. Life cycle varies from 9 days to & weeks
acoording to temp. MNevclopment of _arusites within
host eggs may be delayed several weeks--even months,
even with high temperatures. Parthenogenesls: am.
form produces ull males; .uropean form; all females
or both male and female. Parasites kept in cold
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storage through winters of 1908 and 1909 and many
thousanis liberated. Trichogramma was not a success~
ful parasite of the browntall moth as it is physically
unable to plerce many browntall moth eggs.

Hungerford, H. B. 1923.

4+ Parasite of the uropean Rose Slug. Jnl.
ECe Eﬂto, Yol. 16’ page 98.

Trix mentioned as parasite of ‘uropean rosge
slug, Caliroa aethiops, Fabr. in Kan. 25% parasitism.
One to three files irom each egg. Method and time of
emergence glven.

Immg, 4. Do 1925.

Family Trichogrammidae. "A General Textbook
of intomology." Page 556. TITondon.

Three-Jjointed tarsi separate the family from
all others. Over 100 specles known, all egg parasites.
Says Howard mentlions 20 individuals of Trichogramma spe.
emerging from a single egg of Papilio turnus.

Ingram, J. We 1927,

Insects Injurious to the Rice Crop. U.S.D.A.
Farmers bull. 1543, 16 pages.
Mentioned as 4 parasite of Diatracs saccharalls

and Chilo plejadellus.

Johnsoa and Hammar. 1912.

The Grabe Berry lioth. U,5.D.a. Bureau of int,

116, page 28.
Mentioned as a parasite of the grape berry

moth (Polychrosis viteana).

Jones, Y. Wa 1924.

Parapsite Introductions: Buropean Corn %orer.
Jnl. Jo. Ent., Vol. 17, page 1l18.

Native parasitism practically negligible
except in case of the sporadic T. minmatum which
fluctuates greatly from year to year. iHighest parasit-
ism too late in seuson except when a cold dry summer
delays host. 61% par. in second generation,

Jones, Te He 1910,

Insects ffecting Vegetables in Portuv Rico.
'G.S.Do;io bull. 192, Qage 7Q
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Trix mentioned as parasitizing eggs of the
bean.leax roller, Gonius proteus, L.

Jones and Davids.n. 1913.

The Codling Moth in the Santa Clara Valley.
UeSeD.4. Bureau of znt. bull. 115, page 160.

Table of the life cycle of Trix in codling
moth eggas. av. life 3ycle was 24.06 days in the
field, but this is calculated from the time the cod-
ling moth eggs were laid.

Jones and .iolcott 1922,

Caterpillars which Zast the Leaves of Sugar
Cane in Porto kleo. Jnl. Dept. ..g. and Labor of
Porto Rico. Vol. 6, no. l; page 4l.

The skipper Prenes nero Fab. kept down by
T. minutum. Seven to eleven adults often emerge from

a single 8gge.
Kopp ¢ dhe 1928 .

) ILe "ver" de la Canne 4 Suere aux antilles
Francaises (D. saccharalis). Rev. Bot. appl., VIII,
no. 87, pages 755-767. Paris.

?. minutum the most important parasite of
D. saceharalls 1n the Cuadeloupe.-

iryger, J. P. 1918.

Buropean Trichogramminae. cCnt. Med. Vol. 12,
page 258 to 282Z.

Leiby, He e 1920

Insest inemies of the Pecan in Y. Carolina.
Bull. Y. Carolina Dept. of ag. Feb. 1920.

Mentioned as reared irom wges vi Datana
intergerrina.

Light, S. S. 1929.

Report of the Entomologlst for 1928. Bull.
Pea., Res. Inst. Ceylon, no. 3, page 38. Kandy, Ceylon,
1929. :
Suggest that T. minutum be imported to take
the place of T. erosidornis wWestw. as a parasite of
Homona coffearia.
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Sulphur in the Control of Kites in Parasite
Rreeding Laboratories. Jnl. Lo. Ent., vol. 8l, no. 6,
page 940. Geneva, J. Y.

, Sulphur has been used quite successfully to
control the Gamasid and Pediculoldes ventricosus,
predators of S. cerealella 1n the Trichogramma
rearing work.

Lochhead, W. 1915.

Brief Notes on Some Injurious Inseots of (ne.
Ont. iunt. Soec. Report #45; page 60.

Hentioned as parasitizing 75 per cent of eggs
of bud moth (Tmetocera ocellanu).

Inginbill, P. 1928,

The Fall aArmy worm. U.S.N.A. Tech. bull.
no. 34, 91 pages.

Trichogramma listed as a parasite of the
army wornm rgma frugiperda.

Marchal, P, 1927.

Contridbution a L'elude Genotypique et
Phenotypique des Trichogrammes. C. R. Acad. Soi.
Prance CIXXXV no. 9, pages 489 to 493.

T, minutum not considered but T. evanescens
and P. eacoecla n. sp. are genetically and speclfically
distinct. He suggests that a number of strains from
different parts of the sountry may be found in any
species of Trichogramma, the formation of whiech has
been helped by thelyotokous parthenogenesis. T.
cagoacia has only two generations per year in

rtrix rogana, the first generution being wingless.
Reproduction 1s entirely parthenogenetic. The number
of generations is lancreased when this species attacks
Barathra brassicae. Development is evidently regulated
by the host.

Marlatt, C. L. 1928.

Report of the Entomologist. U.S5.D.A. 1928,
washington.

T. minutum which attack the eggs of G¥§ia
molesta, was found to have at least 13 generations
during the season. Life cycle of 8 days at 80 degrees
F« and 50-65 days at 50 degrees.
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Martin, C. H. 1928,

Biol. :cal Studies of Two Parasites of
aquatic Inscc.s. Entomologica Americana, vol. 8,
no. 3 (Dec. .s27) page 105-156.

Detailed 1ife history of Prichogramma,
number of hosts, lists of hosts, new host records,
parthenogenesis, oviposition, etec.

Marshall, J. 1927.

Larval Mortality of the FEuropean Corn Borer
in 1926. 56th innual Repomt of the Entomological
Soc. Ont. page S4.

Some Trichogramma parasitism of corn borers
in 1925 but none in 1926. No reason given.

Ye Connell, H. S. 1928.

The Oriental Frult Moth. Maryland ig. EXp.
St. bull. 298, page 179-180.

an important egg parasite, especially late
in the seasona.

vokrzecki S. A. 1913,

Report on Injurious Inseots and Diseases of
Plants in the Government of Taurida During the Year
1912. Simferopol, pages 1 to 2d.

Mokreckl and Bragina. 1916.

The Rearing of T. semblidis and T. fasciabum
in the Laboratory and Temperafure Zxperimenis on
them. Salgir &xp. Pomological Station, Simferopol
(Crimesa).

Horrill 1914,

Pests of Vegetuble Crops. Arizona Comm.
of .gri. and Hort. Repi. 6, page 40.

Prix parasitized 38 per cent of the eggs of
the cotton boll worm, .labama argillucea in .riz.

Hewcomer, L. J. 1916.

The Dock Falseworm: an Apple Pest. VU.S.D.a.
bull. 265, page 34.

4+ total of 268 eggs of .metastizia glabrata,
counted at wWenatohee, ylelded II.9® parasitism, Irom
July 2 to Sept. 8.
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Hewcomer ané hitecombe 19285.

Life ..istory of the Codling Moth in the
Yakima Valle . U.S.D.a. bull. 1235, page 72.

Mentiviued as a parasite of Cydia pomonella
at Yakimu.

Parrot and "ulton. 1915.

Cherry and Hawthorne Sawfly Miner. Jnl. of

4ge Research. Yol. 5, page bH26.

Large percentuge of leaf miners attacked by
rix in 1912. 40j% to 907 parasitism in 19Ylb5. Iggs
digsected. ~rarasites in larval state Juae 2, pupa
June 6, first adult June 9, last adult June l4.

Parrott and Harman. 1989.

The Bud HMoth. Cire. N. Y. ag. Exp. St., no.
109, 10 pages.

‘fentioned as the most abundunt parasite of
Tmetocera ocellanai.

reterson, .. 1926.

Balits attractive to the Oriental Peach loth.
Jnl. of Zc. Ent. vol. 19’ page 433.

Trichogramma abundant as a pare in ¥. J. in
aug. and Septe. 2 bo 20 per ocent infestution.
£hillips and King. 1923.

The Corn Larworm. U.S.D... BUll. (Farmer's)
1310, page 1l.

Trix attacks many of the corn ecurworm eggs,
especially those on leaves. UWot dependable. Some
years almost 10C per cent parasitism.

Peterson, .. 1926

4additional Information on Faits attructive to
the Oriental Peach !foth. Jnl. Ec. nt. vol. 19, no.
3, page 435.

Trichogramma paragitism found to be as high
ap 60 per cenlt for the peach moth in late sumaer.

2hillips, Underhill, and “oos. 1921.

The Larger Corn Stalk Borer., Virg. Tech. bull.
22, page 1b.
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?. minutum reported as by far the most
common paras.te of the stalk borer in N. Carolina in
1920.

Portehinsky, .. 4. 1913.

Phalera bucephala L. and its Importance for
the artificlal Eree&!ng of Pentarthron semblidis in
winter. Memoirs Bur. Ent. Solence Commlitee. Central
Bd. of Land .dmin. and .gr. Vol. 10, pages 1 to 16,

1l1luctrated. (Rusaian).
<uaintance, ... L. 1907,

The Codling Xoth or Apple vWorm. U, S. Year
Book for 1907, page 44d.
Mentioned as a parasite of the codling moth--

3 to 4 per egge.
unayle, e Jo 1926.

The Codling Moth in Jalnuts. Cal. age -Xp.
St. Pull. 402, 5 pages.
Mentioned as parasite of the codling moth.

Rmetw, A Fo 19130

Orphthora semblidis, Deseription, Blology,
and Utilization of 1t in the Struggle with C.
omonella L. Turkestan Ent. Station Tashkent.
pages (Russian)e.

Reed. 1909.

The Codling itloth in Georgia. Georgia Bd.
of ©nt. bull. 29, page 1l9.

The most beneflcolal egg parasite. rarasitism
was 19 per cent for the second brood. Filve udulis
were bred from one codling moth egg. .dults nay or
may not emerge from separate exit holes.

iiley, C. V. 1871.

Third Report. secord of .merican intomology,

page 158.
T™his contains the origiaal description of

e minutum.

Riley, Ce Ve 1871.
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124.

125.

126.

127.
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Recor.i of Entomology, page 8.

Gene. ic name Pentarthron proposed for T. minutmm,
but i1t had 5o be changed as the name had been used
before by Wo" iaston.

Riley, Ce Ve 13881.

Desoriptions of New Species and Varieties.
General Index und Supplement to the Ninth Report on
the Insedts of Hissouri. U.S.D.A. bull. no. 6,

page 68.
The second description of T. minutum.

Riley, C. V. 1882.

Efficasy of Chalcid Egg Parasites. american
Naturalist, Vol. 16, pages 914 to 916.

Russell, H. M. 1913.

Egg Parasites of Datana intergerrima. Proc.
of the Ent. Soe. of wash. vol. 10, page Jl.

From 7,187 eggs of Datana only 2.1 per cent
parasitism was obtained by Tricho amma, as against
65 per cent by Telenomus sphingls. Four and five
Trichogramma observed emerglng Irom one egg.

Sherman and Leidy. 1920.

The Green Clover Worm as a Pest of Soy Beans.
N. Carolina Ext. circular 105, page 7.

Te mimutum (pretiosa) as par. of this moth.
Threc adults have emerged from one 6gg.

Smith. He Se 1915.

Insect Notes. Cal. Hort. bull. 7, page 345,
Mentioned as a reared parasite of codling moth.

Taylor, E. P. 1906.

Report of the Field Entomologist. Col. Report

19, page 1465.
Mentioned (called a microscopic bee) as a
parasite of the codling moth.

Severin, H. C. M. and H., H. P. 1908.

Habits of the .merican Sawfly Cimbex americana
Leach with Obsgervations on its LEgg Parasite
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Trichogramma etiosa. Trans. Wis. .cad. Scilence
Arts Eﬁi Tetters. Vol. 16, pages 61 to 76.
Smith, R. C. 1924. |

Caenurgis erechtea (Nooctuildae) as an Alfalfa
Pest in Kansas. Jnl, of £Zo. Ent. vol. 17, no. 2,
pages 312 to 319.

Trieh§§§amma mentioned as parasite under lab-
oratory con ons of the egss of the forage looper
(C. erechtea).

Swezey, 0. H. 1928,
Entomology. Repti. Commereial Exp. Sta. of

Hawaiian Sugar Planters Assn. 1926-27, pages 15-27.
"Ta minutin’oscasionally reared from eggs of

- Spodoptéra mauriiia, the mut-grass army worm.

131.

léz.m

Taylor, E. P. 1906.

Weatern Slope Fruit Investigations, 1906.
Colorado bull. 119, page 4.
Mentioned as a parasite of codling moth.

Townsend, C., He T. 1928,

Inseotos que Atacan al Algodon y a la Cana
de .zuscar en el Peru. Pol. Extas. exper. agric. Soc.

nac. agrar., no. 1, page 26,
Yentioned as an abundant parasite of
D. sagcharalis in Peru.

133. Tuoker, R. W. E. 1929,

134.

Sugar-cane Borers. Trop. ag. vol. 6, no. 8,
pages 224-226. Trinidad.
Destroys 90 per cent of the egcs of D.
saocharallis at the end of the season and then muin-
ng i1iself in small numbers mainly in the eggs of
Utetheisa ornatrix L. Commercial propogation has
been undertaken. The method is described.

Veitoh, R. 1928.

Report of the Chief Entomologist. Brisbane,
Queensland Dept. of .ag. 1927-28.

Colony of Trichogramma received from U. S.
reared from eggs of §§§03§§a 8p. and liberated btut
no evidence has been found regarding its control of
the codling moth.
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135. Viereock, H. L. 1916.

Hymenoptera of Connecticut. State Geoclogleal
and VYatural History Survey Bull. no. 22, page 445,

Systematic consideration of family, genera, and
gpeocises.

136. Voelkel, Herman 1925.

Uber die Praktische Bedoutung der Schlupfwespe
Triohogramme evanescens westw. .rbeliten aus der
Blologlachen Relohsanstalt fur Landund Forstwirtschaft.
Vierzehnter Band, Heft 2, pages 97 to 108. Berlin.

A parasitism of 2ieris brassicae, L., P. napi
l., and Barathra brassicae, .., amountiang to 78 %o
100 per cent in the sun, and 38 to 55 per sent in
the shade, .aear Berlin. T. evanescens showed a marked
preference for light. Drawlngs, tables.

137. Vuilett, a. 1927.

Utilization of Certain Phytophagous Inseots
in Combating Pests of Cultivated Plants. Revue
Seientifique, ruris, 1927, pages 526 to 530.

138. Wildermuth, V. L. 1914.
The Alfalfa Caterpillar. U.S.D.a. bull. 124,

page 19.
26 eggs of §g£¥ggg produced 76 Trichogramma
adults. Two dbroods of parasites on the eggs of one

generation of Eurymus. Drawing of T. minutum
ovipositing. Uther parasites and predators listed
and discussed.

139. VWildermuth, V. L. 1920.

The Alfalfa Caterpillar. U.3.D... Farmers?
bull. 1094, page 8. )
Trix mentioned as often destroying 50: of the

egegs of urymus.
140. riish&rt, G. 1929.

large Scale Production of the Lgg Parasitized
Prichogramms minutum. Cane. Ent. vol. IXI, no. 4,
pages 713-76. B Iigs.

Method employed much the same as Flanders,
except that heat has to be employed to keep the grain
moth alive.
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Wishart, G. 1929.

Note on the Rearing of Trichogramma minutum.
Sci. aggic., vol. 9, pages 616-617. OUttawa.

By keeping the parasitized grain moth eggs in
the dark and then placing them in bright light they

all emerged within 24 hours, and parasitism was short
and complete, thus eliminating most of the waste of
both parasites and grazian moths.

Woleott, G. N. 19156.

Diatraea /saccharalis. Jnl. of :Hec. Ent. vol.
8, page 497.
Abundance of Diatraea depends upon scarcity

of Trichogramma. Burning of cane tops in Texas and
la. destroys The parasite.

Wolecott, G. N. 1918.

Aan Emergence Response of Trichogramma to Light.
Jnl. of Le. Ent. vol. 11, page 205.

1,506 clusters of D. saccharalis eggs collected,
63 per cent being parasitized by 7. minutum. Eggs
still black after emergence, because of black debris.
Normal time of emergence is 2 hours after sunrise.
Emergence delayed by keeping parasite egegs 1n &ark.
Six tises as many adults of Trichogramma.

#oleott, G. N. 1922.

The Sugar Cane Borer. Porto Rico Dept. ag.
and Labor Jnl. {6; pages 22 to 24.

Large Drawing of adult, -age 2°'. rarasitlsm
of D. saccharalis. .here gugar cane trash 1s burned
many hivernating adult Trichogramma and the next year
there 18 a heavy borer InTestatlon.

Wood, We B. 1918.

The Oriental Peach Mothe. Cul. Hort. bull. 7,
puage 527.
Mentioned us parasite of the peuch moth.

sweluwenburg Van, R. He 1926.

Inpeect Enemies of Sugar Canc. Jnl. of Economio
Ent. vol. 19, page 667.

Prichogramma mentionecd as heavy parasite of
Diatraea saccharalis. Last generation of the seuson
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resulted in parasitism as high as 70 per cent.
147. Zwaluwenburg, Van, Rust, and Rosa. 1928.
Notea on the Rice Borer, Chilo simplex.lawaii.

For. and aAgriec. vol. 25, no. 3, pageé S1l. Honoluliu.
Mentioned as a parasite of the rice borer.

148,  ~mmmmm—me————— 1910.

4 New Foe For the Codling Moth. Better Fruit,
for Get. 1910, page 53.

Trix found parasitizing the codling moth in
Colorado. Egpecially beneficial in the second
generation. (Popular).

149. Zorin, . Y. 1927.
4 Method of Hearing “richogramma evanescens

Westw. Defense des Plantes. Vol. 4, pages 3156 to
319 (Leningrad). (Russian).

FOR ASCOGASTER CARPOCAPSAE (Viereack).
b—— — e e — ARG

l. Bragina, i. 1926.

Parasites of Cydia pomonellsa, 7., In Belgrade
(Serbian). Glasnik Cen*rainog HiglJensk. Zavoda,vl.l.
pte 1 to 3, page 6l. Belgrade.

asoogaster bred from young larvae of codling

moth.

2. Bourne and whitcomb. 1927.

The Codling ¥oth in Massachusetts. Bull. Mass.
8. Exp. 8ta., 10. 230, page 60.
agcogaster mentionzd as parasite of the codling

moth.
3. Britton, \'{n E. 19190

Eighteenth Report of the State Entomologlst.
Conno bullo N0 211, ".\8.38 503.

agoogaster mentioned as a parasite of the
oriental peach moth, Laspeyresia molesta Busck.

4. Brooks and Blakeslee. 1915.
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Appalachian Region. U.S.D..i. bull. no. 189, page 46.

ascogag.er the most numberous codling moth
parasite in the ..ppalachian regions. Lateral view
photo of adult which cannot be ... earpooapsae.

5., Creason, . T. 1887.

Synopsis of the Families and Genera of the
Hymenoptera of america, dorth of Hexico. Irans. ..m.
Ente. 50ce Supp. velume, 1887, pages 59, 138, 220.

Systematic conslderation of the geaus
ageogaster, uad speeles other then ae 6arpocapsde.

The Calliephialtes Parasite of the Codling
Moth, Jnl. .g. -‘es. vol. 1, no. 3, page 239.

Codling moth larvae containiang larvae of
iBoogaster were attacked and by Calliephialtes
larvae, resulting in the death of the Ioimer.

' Studies of the Codling !Moth in the Central
|

|

|

\ 7. Dogier, H. T. 1926.

\

‘ Department of Entomology. Del. Ag. Expe. St.
bull. no. 147, page 19.

Ascogaster the most abundant codling moth
parasite In Delaware.

8. Garman, re. 1918.

4 Comparison of the Several Species of
Lepidoptera Infesting Peach and Apple in Haryland.
Mid. bull. no. 223, page 1l7.

Ascozaster listed as a parasite of the oriental
peach moth, g. Youcheanus (Ratz.) apparently a hyper-
parasite (no TefInite stabement).

9., Hammar, a. G. 1910.

Life History of the Codling Moth in Nortih-
western Pennsylvania. U.S.D.A.B. Ent. bull. no. 80,

part 6, page 110.
ascogagter issued from band material of two

broods and was guite commoi.

10. Hammar, a. G 1912.




1l.

12,

13.

14.
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Life History Studies of the Codling Moth in
¥ieh. U.S.D.a.B. Hnt. bull. no. 119, part 1,
pages 6 and 74.

6.58 per cent of larvae parasitized by
asoogaster. They are seldom more than half grown

and lack pink color of healthy larvae.

Mentioned as native; synonym given;
illustrations; states in which it is found; peroent-
age of parasitism.

Ingerson, H. G. 1918,
The Striped Peach Worm. U.S.D.A. bull.

no. 999, page l1l2.
Apcogaster reared from Gelechia confusella.

Cham.
Johnson and Hammar. 1912,

. The Grape B‘rry Moth. U.S.D.i.B. Ent. bull.
no. 116, part 2, page 48.
Parasitio on eggs of gg%¥§§psis viteana Clem.
Adults emerged from pupae Auge.

L 4

Leonard, M. D. 1926.

A List of the Inseots of New York. Cornell
Ag. Exp. St. Memoir no. 101, page 903.
"A widely distributed parasite of the larva
of the codling moth"......It 18 also recorddd as
reared from Geleshia eonfusella Cham.

aewcomr, Ee do 1928.

The Codling Moth Parasite, aiscogaster

carpocapsae. Jnl. Ec. Ent. vol. 21, no. 1, page 221.
7,700 codling moth larvae parasitized out of

24,800 examined in a block of 58 unsprayed trees, or
31 per cent. 22 per cent parasitism in 1926. .ipprox.
1,300 shipped to R. C.

Petit, R. H. 1926.

Report of the Section of Entomology. Sixty-
fourth inn. Rept. St. Bd., Agr. of Mich. for 1924-25.

Asoogagter a real fastor in control of
codling moth. :

Selkregg and Siegler, 1928,




17.

18.

19.

20.
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Life History of the Codling lMoth in Delaware.
UeSeD.aA. Tech bull. no. 42, page 52.

Ascogaster the moat prevalent codling moth
parasgite.

Siegler and Simunton. 1915,

Life History of the Codling Moth in Maine.
UeSeDead. bull. no. 252, page 48.

Ascogaster frequently reared as par. of the
codling moth.

Stearns, L. A. 1927,

A Report of the Investigation of the Oriental
Peach Moth (Laspeyresia molesta Busck.) for 1925-26.
Rept. No. Jo Age LXDe 8e -26, page 192.

Mentioned as a parasite of the oriental peach
moth.

Van lLeeuwen, E. R. 1929.

Life History of the Codling Moth in Northern
Georgia. U.S.D.A. Tech. bull. no. 90, page 78.
Parasitism of codling moth by Ascogaster
was about 7 per cent,

VierQOk, He L. 1909.

Desoriptions of New Hygpenoptera. Proc. Ent.

Soc. washe., vole 11, page 43.
The original description of iscogaster

carpocansae.

Viereck, H. L. 19lc.

Hymenoptera of Connecticut. State Geological
and Natural History Survey. Bull. no. 22, pages 218,
231,

Key to species anA description.
Wileox, i. M. 1918.

Ascogaster carpocagaae, a Parasite of the
Oriental HMoth. syohe, vol. 25, page 17.

Parasitic on Cnidoocampa flavescens ialk. 4
desoription from other apec;es given.

WOOQ, We Be 19180
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-The Oriental Peach Moth. Cal. Hort. bull. 7,
page 527,
Mentioned as parasite of the peach moth.

Wood and Selkregg. 1918.

Further Notes on lLaspeyresia molesta Busck.
Jnl. ig. Res. vol. 13, no. 1, page 70.

Asoogaster a parasite. Oviposits in the egg
of the orIen%EI fruit moth, and kills it in the larval
stage after 1t has spun its cocoon.

Dozier and Butler 1929.

Hotes on the Rearing of i. carpocapsae a
Braconid Parasite of the Cé¢dling Hoth. Jnl. Ec. Ent.
Vol. 22, Ro. 6, Deo., page 954.

Record of inoubation period, length of larval
feeding period, length of period elapsing from the
time the codling moth larva left the fruit until
emergence of the adult of parasitized codling moth
larvae.



PLATE I

Pig. 1. Adult of Trichogramma minutum Riley
enlargo& 245 times. ’

Fig. 2. Brachyptercus adult of T. mimitum, enlarged
245 tImes. 4-1 and .-2 are wing stubs.




PLATE I




PLATE II
Fige l. iings of T. minutum, enlarged about 26C
times.

Fig. 2. 4A. Male antenna of 7. minutum.
B. Female antenns o . nu

Both enlarged about 740 times.




PLATE II




PLATE III
Fig. A Eggs of T. minutum, enlarged 46C timea.

Fig. B. Egg of Sitotroga serealella Oliv., showing
emergensce hole %a) of the parasite T. minutum. Host egg
enlarged about 90 times.
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FLATE IV

Fig. 1. Photomicrograph of parasitized grain moth
egg showlng two parasites in pre-pupal stage. Knlarged
275 times. '

Fig. 2. Photomicrograph of two pupae of 7. minutum
within the egg of the grain moth. Enlarged 275 times.



PLATE IV




PLATE ¥V

Figp. 1, 2. and 3. Seotions uf ecardboard diges
contaTatne Ehal Both S0sn parasitizes by o slimean
The white spots arc unpurueltized oges from wh e

graln moth larvae huve emergod. Salarged .bout 14
tiren.







PLATE VI

Fig. 1. Cages used for the rearing of the laboratory
host, 5. cerealella, in the college greenhouses at

A Orvalﬁ Se

Fige 2. View of the stand on which all cages were
placed. Legs of the stand rest in baths of oil as shown,
thus preventing mites and other predaceous insects from
gaining acoess to the cage.




PLATE VI

CODLING MOTH PARASITE
INVESTIGATIONS



PLATE VII

Vacuum collector, used in the guantity collection of
S. cerealella. The moths are sucked through the glass
tube and hose (a) into the colleeting jar (b).






PLATE VIII

Fig. 1. Frigidaire machine used for storing of
parasites previous to the making of shipments or
liverations. (After Flanders).

Fig. 2. Apparatus used in securing of grain moth
ezgs ani their preparation for parasitism:

A. Collecting jar, to be attached to vacuum
swveeéeper.

B. Petri dishes, into which host egges and
parasites are introduced.

Ce« Egg deposition chamber.

D. Funnel and stand, used in filtering out
grain moth eggs.

B. Cardboard discs, to which the grain moth
eggs are shellaced. ~

F. Filter paper.

Ge. ©Shellac and brush.

He ©Small screen used in winnowing out eggs.

I. Jar to hold petri dish and egg deposition
chamber.







PLATE IX

Adult of Ascogaster carpocapsae (Viereck), enlarged
19 times.







PLATE X

Fig. 1. Photomierograph of wings of A. oarpocapsae,
enlarg times.

Fig. £, FPhotomiorograph of base of wing of
A. ocarpooapsae, enlarged 108 times.

Pige 3« 4« Larva of A. carpocapsae (1) emerging
from the codling moth host (Z). -

B. Larva of A. carpocapsae, enlarged about
3 times.

Fig. 4. Cocoons and pupae of i. carpocapsae within
the old codling moth cocoons.
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