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Technicol Bulletin No. 728 « August 1940

Parasites of the Oriental Fruit Meth in
Japan and Chosen and their Introduc-
tion into the United States'

By G. J. HarvussLER

Entomologist, Division of Fruil Insecl Investigations, Bureay of Enlomology and
Plant Quaraniine i
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INTRODUCTION

The search for parasites of the oriental fruit moth (Grapholitha
moleste. (Busck)) In the Orient was begun in January 1932, hend-
quarters being established at Yokohama, Japan., This work has sinze
been In progress continuously in Japan and Chosen, but this bulletin
deals only with the sctivities carried on during 1932 and 1933.

1 Enbmitted for publiention Uctober 25, 1830, . .

t Several Jopancse assistants rendercd valvable aid in these investizations, particular recopnition being
due ko the work of I, Suyetake, A, Kuwano, aod K, Sato.  The writer appreciatea the valuable cooperation
and the helplful information received by him and his assistants from olicisls of the Imperfal Mipistry of
Agricniture, the directors and entomolopists of various prefectural agricultural experiment stations, and
members of other sgricuitural agencies hath in Japan and Chosen, too pumerous to mentfon here by name.
Particular acknowledgement is made of the many kindpesses and invaluable help rendered by the laie 3,
I, Kuwans, of the Imperial Department of Agricultars and Forestry. Thaoks are due to F. Odb, entomolo-
gist of the Yukihashi branch of the Fukuoks Agricultural Experiment Station, for his kind cooperntion in
helping to obtain numerous survey collections from the vicinity of that station, and to C. Harukaws, then
entomolegist of the Ohars Agricultural Institoce st Kurashiki, for information concerning the biology and
distribotion af the oriental fruie moth in Japan. €. Tanabe, entomologist of the Nagano .-\gn'cufturai
Experiment 3tativn, and 5. Matsumeto, entemologist of the Okavama Aprieniznral Experiment 3tation,
rendered valuable eooperation in connection with iovestizatioos made In their prefectures. The peneral
attizude of the pative orchordists and their willingeess to allow wurk o be undertaken on thelr properties
was of material aid in carrying out the parasite surveys am the mass-collection work., Determication of
parasite specimens and descriptions of species found to be new were made by C. F, W. Mueseheck, B, A,
Cushmag, snd A. B. Geban (Hymenopters} snd D. G. Hall {Diptera), Bl of the Division of Insect [ten-
tification, Bareau of Entomology and Plant Quarantine; by the lite J, M. Aldrieh, Curator of fnsects,
T. 5. Natiopsl Muoseum {Dipters); and, In the case of certain Iehuenmonidse, by Tolchi Uchida, of the
Hokkaido Imperial Gniversity. :

1




2 TECHNICAL BULLETIX 728, U, 8. DEPT. OF AGRICULTURE

According toe Harukawa {8} it 15 not known when Grapholitha
molesta was first noticed in Jupan, although he indieates that its
damage attracted the attention of a horticultunist of Okayama
Prefecture in 1901 and 1902, and that the presence of this insect has
been known in Chosen since about 1915 or 1916. This same author
mentions thal a record of this pest in Jupan was first published in
1905. It has since been given considerable attention by entomologists
of both Japan and Chosen, and numerous publieations concerning it
are now available, There is little known concerning the distribution
of G. molesta on the Asiatic mainland other than in Chosen, although
it is believed that this insect oceurs in the Shantung area of China.
There is & possibility that it may bave been introduced to Japan
through spread from the mainland. The fact that it was observed in
Japan before it attracted attention in other countries supports the
belief that this insect originated somewhere in Asin. Comparatively
little attention had been given fo the parasites that nttack this pest in
the Orient, but in view of the nbove-mentioned facts it would appeat
that Asia should be a luzical place to search for parnsites of this insect.

The results of the first 2 vyears of investigntions indicate that
Grapholithe molesta is the hest of numerous _species of parasites in
Jupan and Chosen. Several of these attack it in as abundsnt numbers
and to about the same extent as do certain of the indizenous Neorth
American parasites that have so readily accepted this species as a host
since its introduction into the United States.  Sinee 1932 most of the
species of primary parasites discovered in Japan and Chosen have
been collected in those countries by the Division of Foreign Parasite
Intreduction of the Bureau of Entomology and Plant Quarantine.
reared at Yokohamn, and shipped to the Untted States where they are
being colonized throughout the infested aren by the lnboratory engaged
in 1m'mt1rrntmr1q of oriental fruit moth parasites, located at Moores-
town, N. J. (2.

FIELD OF INVESTIGATION AND SCOPE OF WORK

Tlhe preliminary search for parasites attacking ('n"r'ﬂ,ufm{ii}fﬂ\mut'eslrr
in the Ovient was confined to Japan and Chosen. Through contacts
with Japanere entomelogists and from varous Japnnese entomological
and agricultural publicntions information was aeqguired concerning the
oriental fruit moth in Japan and the distribution of its more impaortunt
foodl plants, Since it was epparent that this insect was generally dis-
tributed in Japan throughout the islunds of Tlonshu, Shikoku, and
Kyushu, and alen in Chosen, it was decided 1o conduct preliminary
investieations of the parasites only in the important peach-, quinee-,
and peat-growing centers of those regions. Tt was enticipated that
knowledge of the parasite fauna over much of the area of known dis-
tribution of the 110‘31} speeies would thus be aeguired in a relatively
short time. With such information as a background, additional
knowledge of the parasite complex could be obtained ns desired during
future seasons hy extension of investigntions to the less important
fruit-growing centers or by more detailed stuely of the centers alrendy
seouted.  The island of Hokkaide was not included in the ares
rovercd by these investigations, since available information indicated

i Lialic numbers in parenbheses tefer to Tileratare cited, p. 01,
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that the preferred food plants of the fruit moth are grown there in
comparatively small numbers and the moth had not been reported as
vcenrring on that island,

Juvestigations during 1932 consisted almost entirely in scouting
work to ascertain the species of parasites present and to acquire
information regarding the distribution, host relationship, nnd relative
abundance of tha various species discovered. Scouting for the para-
sites present in hibernating cocoons of the fruit moth was begun in
Shizuoka Prefecture in February and extended during the late winter
months to include the prefectures of Eanagawa, Tokyo, Suitama, and
Nagano. Soon after larvae of the first brood of the fruit moth
began to infest peach twigs in the vicinity of Yokohama, May 13,
scouting {or the parasites of twig-infesting larvae was begun in that
ared and also in Kyushu and Shikoku and was eventuelly extended
northward to include the northernmost Prefecture, Aomorl, in
Honshu. Throughout June the Chosen Peninsula was scouted as far
north as Kaijo for parasites of twig-infesting larvae. During the
summer months studies were make of parasites attacking eggs of the
fruit moth in Kanagawa and Tokyo Prefectures. From July to
October, inclusive, investigntions of parasites that attack the stages
of the fruit moth within its eocoon were conducted in six Prefectures
conveniently nccessible to the heandquarters at Yokohama. Only
three small shipments, consisting chiefly of surplus parasites obtaine«l
from the survey work, were forwnrded to the United States during
1932,

C.: the basis of informotion obtained during the previous season re-
garding the distribution and relative abundance of several new species
of fruit moth parasites considered desirable for introduction into the
EUnited States, it appeared advisable to devote the major effort of the
1933 season to procuring and shipping certain of the more impertant
and most readily obtainable species. ~This work, which involved the
collection and rearing or breeding of parasites attacking the egg, larval,
and pupal stages of the host, was distributed over the greater part of the
yeur and required o large amount of field work in sevoral selected arens.
Some additional data, hewever, concorning the parasites of hibernating
larvae were obtained during March in Kanagawa and Chiba Perfec-
tures, and scouting for parasites of twig-infesting larvae was continuad
on n small scale during the summer months to include several locali-
ties not previously scouted. TInvestigntions of parasites atbacking the
ege stage were rontinued in Kanagawa and extended to inelude locali-
ties in the Prefectures of Nagano, Shizuoka, and Okavama in Houshuy,
and nlso Keikido Provinee in Chosen.  The study of parasites attack-
ing larvae and pupae of the fruit moth within the cocoon wias empha-
sized particularly during the late summer and early fall of 1933 and
ncluded_inwestigations in several widely separated parts of Japan
and the Pre mee of Keikido, Chosen.

During the 2 years, 99 localities in 25 Prefectures of Japan and 13
localities in 3 Provinees of Chosen were seouted for the parasites thot
attack one or more stages of the oriental fruit moth. The ADPProxi-
mate locations of the aras scouted are indicated in ficure 1. Table
1 gives the name of each locality scouted, together with the name of
the Prefecture in which it is located, the prineipnl host plants of the
fruit moth grown. and the approximate altitude.
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ABLE 1.-—List of localities in Japan and Chosen scouted for parasites of Grapholitha
molesia during 1932 and 1933

Locality

Pre [el.ll-ll.'l.f or
Province

Hanshu:
Mukai-mura.
Qkubo-mura
Morioks.
Sakata....__.
Sodeurs-mure
Tendg-ninrm

Wnttari._..
Selro-tmura,

Dnté-mtme ... ... ...

Hiraknbe-mora
Kamisuwsa ..... . ..

E¥yows-MmOrs .. ... .. ...

Mitsuoke-mum. . .

N s

Nnkasua.o__... ...
Noknzato-tin
Oshimnr-murs ..
Snlmostiwn-cho
Tovoda-uuma. . .

Fuijitsukn

Masubayashi. .

Ohukuro .......
Osnwn ...
Tehikawn_ .. .
Magsinle

Supane ... .
Yawate. ..o ..
Fitagotamapgowa,
‘Hignsl:inapanuma .
Komamnwa. ... ..
Tnmaghwa. .
Todorokl.

Yoen ...
Atagoyama.
Wishing .

‘Himmn

Hirntsitkn .
Inadatamagawa,
Kashimada. . .
Krwasaki__
Kikuna....
Mizonokuchi.
Motosumiyoshi..
Muknizpwara

i Ibarngl

Saftama |

[ BOPRSVION |« SOUR
BN § |- S

Vamanashi ..

R T S,

-1 Kanngawa

Lado
JRR 1 S,

Principal host plants

.’ '“‘\’:

roximnle
iture

(i feot)

Pench aned apple. -
[’oa?ih, pear, apple

Musashinakanoshimn ..

Nlnomiyn
Nebhorito. ...
Oknmaynma,
Bhikupawsrm
Shimesogn . .. ..
Ahinmaraks ..
Soga-THura_..
Takntsi. ..
Tsunashima.
Yokohams._,

Taogo.

Kono-mur. ...
Kurnynshl.
Tottori..
Kuraghiki. . _

[ { |« JOp

Guinee, pear ..o .

b AL SR R
Puuch pear, applﬂ. .

. \pple poar, quinco P

! I'each, Apple, .. ... ..
l’ench, pear, apple. ...

+ Teach, apple, quinec’

Qulnw DRAT. ...

i Peach, pear, apple .
! Nursery plantings . _

¥ Pench, pear._ ...
yPeacho o0 L

! (‘each pesr

Pench. e
Peach, pear ... B

..., Pench, penr el
_.1 Peach’.

Pench, pear.
Pench,....
N D
Panch, pear.
U < [
do -
Ponc;: poar

Pench, peat.
Tench_._..

PeTPIEE

PEPPRT

PPPRPPPPPRPPFFPPRPTPTPRFFRPTPRRER

P

£28

BEEEEEERE0REBREE2REEBREE888E8Y

Nivhi}ﬂma-murn‘.,
Nilvama-more_. T8 eI el

8
5
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TaBLE 1.—List of lozalities in Japan and Chosen scouled for parasites of Grapholitha
molesia during 1932 and 1933—Continued

'5 ; Approximata
B ™ i Principal bost plants altitude

{in leet}

Locality

!
1
1
Honsbu—~Continued 1
Sadden. ... ____._.... Okaysma......
I...._du §
i Hiroghima.
o

Peach, pear, apple.__
" Peac(:ih’ '

Ruresaki.. . ...
Shimszaki-cho,..

1ot

| EREEERBBERERE ZESBEEE &

Kaljo..ann... .
Reljin_______.
Soghs
Suigen._______,
ga_i{aumeu -
aifyu_ ..
Choseiha,
Fukkio.
Fusan..

eePPPPPRETEEE TPPPRTT ©

- . )
iR e e - ] Pench, pear._.

METHODS USED IN CONDUCTING PARASITE SURVEYS
SurvEY FOR PArssITES THAT ATTacK TRE Liges oF THE Frurr Mors

Field records of parasites attacking the egg stage of the fruit moth
were obtained by suspending peach or pear twigs, on the folinge of
which eggs had previously been deposited under msectary conditions,
arnong the branches of peach, sand pear, or quince trees for about 48
hours, after which they were returned to the laboratory for cbserva-
tion. All larvae that hatched from eggs thus exposed were allowed
to continue their development on apples in the laboratory.

SurvEY FOrR PaARASITES THAT ATTacE THE Twic-IN°FESTING LARVAE

Modifieations of the method used in conducting somewhat similar
studies at Riverton, N. J., previously described by the writer (6},
were used in making o survey of the parasites of immature larvse of
Grapholitha moleste 1n the Orient. As the larvae that feed in fruit
are usually not readily accessible to attack by parasites while in the
immature stages, investigations were confined to larvae feeding
within succulent twigs of the food plants. Such larvae were found
most ebundant in the twigs of peach trees, but occasionslly collections
of larvee feeding withio the twigs of flowering cherry trees were
included. An attempt was made to obiain samples of 100 or more
infested twigs once, or more often when possible, during the season
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from loealities considered representative of the more important peach-
growing districts of Japan and Chosen. At the time of collection, all
foliage was trimemed from the twigs which were then wrapped in
bundies of 50 in a good grade of absorbent-paper toweling and packed

rrav L meel i D o ,9\} 1
i .

ey ALE OF MHLES '
’ OQB Q

L ras 1 st

Ficore 1.—Map of Japan and Chosen showing the areas scouted for parasites
of the oriental fruit moth during 1932 and 1933,

for shipment in specially prepared ventilated metel cans that were
equipped with tighi{-fifting covers to prevent escape of the larvae.
These cans {fig. 2, .4) were made in 3 sizes to permit nesting when
empty and accommodsated from about 350 to 600 trimmed fwigs.
A narvow strip of corrugated paper was placed on the top of the twig
bundles to provide suitable cocooning space for larvae that might
complete feeding and abandon the twigs during shipment. A gummed
label bearing the date and place of collection, the number of mfested
twigs included, and the collector’s name was attached to the cover of
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each can. Care was taken to include in each can only those twigs
collected from one locality, although such a collection often included
twigs obtained from more than one orchard within the territory
designated by the neavest village, town, or city. To prevent its being
crushed during shipment, each can was slipped into a fitted corrugated
box and this in furn was enclosed in strong wrapping paper (fig. 2, B).
The twigs were usuadly shipped, the same day they were collected, by
ispecin,} express direct to she laboratory at Yokohams for rearing of the
arvae.

At the laboratory the twigs from each collection were placed in
wide-mnouth glass jars covered by cheesecloth held firmly in place
by rubber bands. In s few instauces, particularly early and late in
the season when development was slow, it was necessury to add a few
sound apples to furnish additional food 1lor the developing larvae.
The mature larvae were removed from these jars daily and placed in
mdividual small shell vials. The vials were plugged with eotton
wadded into small squares of cheesecloth against which the larvae
usually constructed their cocoons. The vials were filed in flat wooden
trays, those contrining the larvae from each ecollection being segre-
gated within the frays by small wooden blocks. The trays were
stacked in o rack at room temperature, and the vials were examinad
daily until emergence of the adults occurred. For most species of
parasites, records of the date of issuance from the host and of the
duration of the parasite cocoon stage were obtaimed from the daily
expmination., Al adults of the fruit mwoth were recorded and
destroved soon after emergence, but the adult parasites were retained
for identification. Complete records were kept for each individual
eollection.

StrvEY FOR ParasiTes THAT ATTACK THE STaceEs WiTHIN THE COCOON

Three general methods were used in investigating the parasites that
attack the mature larvae and the pupue of the oriental {ruit moth
within the cocoon. These were {1} the collection of hibernating
individusls and occasionally those of summer generations within
cocoons located in cracks and crevices or beneath the bark of trees
of the favorite food plants of the fruit moth, (2) trapping larvae of the
summer and fall Fenerat.ions beneath bands placed on the trunks and

larger branches of such trees, and (3) exposing cocoons spun in narrow
strips of corrugated paper by pinning them to the trunks and branches
of the trees for several days and then returning them to the laboratory
for emergence.

Cocoons containing kibernating fruit moths were readily found i
considerable numbers beneatl: the flaky bark of quinge trees and were
occastonally found in small numbers on the bark of sand pear and peach
trees. Consequently the majorily of the records of parasites reared
fromn hibernating fruit moths were obtained from localities in the rather
extensive quince-growing-section near Lake Suwa in Nagano Prefecture.
Sueh cocoons were collected {romn December to early m April.  When
collected from quince trees, flakes of bark to which the cocoons were
attached were removed from the trees and shipped to the luboratory
without disturbing {he contained insects any more than necessary.
The cocoons were then examined to eliminate those of other species,
and those containing larvae or pupse of the fruit meth were placed in
mdividual vials for rearing.
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Frevre 2.—Method of packing infested twigs for shipment: A, Three sizes of
shipping cans, showing bundle of twigs; H, euns packed in corrugated-paper
boxes and wrapped for shipuent.
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Buzrlap bands, made irom old rice sacks eut info strips 3 mehes wide,
and narrow bands of corrugated paper were used to trap fruit moth
larvee of the summer and fall generations as they crawled to the trunk
and larger branches of peach, saud pear, nnd quinece trees in search of
cocooning quarters. The bands were undisturbed for periods ranging
from 1 to several weeks, depending on the thme of season, to allow the
parasites to attack the larvae or pupae within the cocoons. Buwiap
bands trapped much larger numbers of Inrvae than the corrugated-
paper bands and were used in most instances in 1932 and entirely
during 1933. The kind of tree alse influcnced the number of larvae
trapped. Ifor the 2 seasons, the burlap bands used on sand pear frees
averaged 57 larvae per 100 bauds and those on peach trees 67 larvee
per 100 bands, whereas ou quince trees 208 larvae were obtained per
100 bauds. Al fruit moth larvae or pupae collected fromn trap bands
were placed m Individual vials and reaved Lo emergence in the
laboratory.

To obtain additional information regarding the parasites that attack
cocoons of the summer and fnll generations of the ortental fruit moth,
farvae that had been allowed to spin cocoons in small sirips of corru-
zated paper were exposed to parasitization in the field by piuning them
to the trees for several days and then returning them to the laboratory
previous to the time for adult emergence. It was found that very
few larvae escaped from the cocoons if they were allowed at least 24
hours in which to spin a substantial cocoon before being placed on the
trees. The exposure period ranged from 1 to & days for different lots,
but in the majoriiy of instances the cocoons were left on the trees for
4 days. In 1932 this work was concensrated at localities not far dis-
tant from Yokohama, and the cocoous exposed contained chiefty
larvae that had been bred entirely under laboratory conditions. In
1933 the work was carried on in seversl regions too far distant to
permit of using laboratorv-reared cocoonms. The cocoons exposed,
therefore, contoined field-collected larvae originating from infested
twigs collected locally and reared to the cocooun stage. Many such
larvae had been attacked by larval parasites while in the twigs, and
as & result the exposure of these cocoons frequently furnished infor-
mation regarding the host relationships of parasites that attack stages
of the fruit moth within the cocoon. When returned to the laboratory,
each coccon was isolated in a small vial for emergence.

SPECIES GF PARASITES REARED FROM THE ORIENTAL
FRTUIT MOTH IN JAPAN AND CHOSEN

During the course of these investigabions 61 species of parasites
were reared {from Grapholitha molesta w Japsn and Chosen. A com-
plete list of the species reared is presented in table 2, with the relation
of each species to the host and the country from which each species
was reared as & parasite of the fruib moth. The species are listed
according to the stage of the host attacked; namely, the egg, the imma-
ture larvs, and the mature larva or pupa.

The information obtained for each species of parasite is presented
in the following pages. The total parasitization of the several stages
of the fruit moth in various regions and also the comparative im-
portance of the different species of twig-larval parasites are discussed
under those respective headings.

FGRIZ 40 - 2
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TaBLE 2.—Parasiles reared from Grapholitha molestu collected in Javan and Chosen

Poragites

Relation (o host

From material col-
lected in--

Of the egg

Trlechoprnmmidae:
Trichogramma minutum Riley.

Of the impmriure farra (Leig-infesting slages)

Bracanidne:
Apanteles molestae Mues
~pariteles taragamae Vier,
Apanteles A ... ..
Apanteles B oo
Bazens canspicuus {Wesm.)
Boszus dicersus Moea, ...
Euybadizon extensor (L) .. . ...
Macrocentries thoracicus (WNees) .
Metearua ictericus (MNees) on.n..
Orpifus longiceps Mues ___ ...
Phaneraloma grapholithee Mues __

Iehneumenidae:

Cherinoeus Sp....-
Cremasius flacoorbitalls (Gam ) meman
Cremastns 1,

Primary . oo icecvcmem e

Cremaanes 2. i,
Inarecinin molesiae (Uohida)_,
Glypta cymalamine Uehida_ . _
Plectochorus iwelensis (Gehida) .
Pristomerus suinerator {Panzer)
Tachinidne:
Elodin fovipadpis Ald.. . ___________.
Etodia subfasciata Ald__.
Fhoerocera pumitio Ald ... ...

Of the mature tare oF pupa (stages within the
L]

£Oc0o
Bethylidae:
Goniszussp. .. ...
FPerixiercie o, sp
Braconidae:
Clinoventrit nusp._........
Meteorides 0. sp
Calliceratidae;
Callicerasn.8p..... ... ...
Calliceressp. .. ... ...
Chaleididae:
Astbrocephalusn.sp.__ .. .
Brachymeria excarinsta Gahon.

PR [ T

.do
Prlmarr {possibly seeondary)

LS {14301 o

[ L

odolL. [

..... L5, T

Primnry and secandary, ...
Seeonlaryo..ooo. ... L L.

Primary oo
. tlog,

Fodticheflan,sp. oo oooaeal L.
Eulophidae: T
Plenrnirepis ameait (Ashm.)
Eupelmidae:
Eupemus formosae Ashm .
Buarytomiflag:
Euryloma uppmd:gnsrer (Swed.)..
Tehneumanidne:
Aenoplex mofesiue (E'chuln)
Aemapler Ao LoL.0 L
Aenoplex B
Aenopler C__
Caenocryplus n.sp,_
Calliephiaiter imp:;,rrwue (Uchl(‘ia) I
Caftiephialles sp oo . oee. ..
Crpptus suzukil (Mats)_,
Eptiaites disparis {Vier.). .
Ephinftesn. sp... ..
Epinrua g!vcmemnﬂ'nc Tichida ... ..
Epiurits tesicariva (Ratz) . ...
PHemiteles bicolorinus Grov.. | |
?Flemiteles pulchetius Grav__ . |
Eemiteles A .o ..
Flemitefes B
Flerpastomus g5z,
Fachnur . sp.
Jaehnns 8D,
Hopleclin epinatize Tiehida. ...
Phaengenes hoeeslert (Uchida)
Phaeogenes sp..
Spitocryptus graphotithae Gehida.. ...
Pleromalidae:
Dibraehys cavees (Walk) o oo on oo :
Tetrnslichlg '
Syntomotphyrum sp ..ol
Tetrneiickoy fhmeni v ... ...

Prnnarv and semndnry

cdooa.
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Parasere or Tne Ecc

Only one species (Trichogramma minutum Riley) was reared as a
parasite of the egg stage of the oriental fruit moth in the Orient.
'This cosmopolitan egg parasite was reared from Honshu, Japan, and
from Keikido, Chosen, where it attacked eggs exposed at the follow-
ing localities: Hirama, Kashimada, Kawasaki, Mizonckuchi, Moto-
sumiyoshi, Mukaigawara, Musashinekahara, Okurayama, Shikuga-
wara, Shinmaruke, Takatsu, Tsunashima, and Yokohama, all in
Kanagaws Prefecture; Futagotamagawa, Higashinaganumsa, wnd
Todorokl in Tokyo Prefecture; Kamisuwa in Nagano Prefecture; and
Suigen, in Keikido Province. As this parasite destroys the eggs and
is present in orchards of the food plants most favored by Grapholithe
molesta, having been reared from hosts found in peach, sand pear, and
quince orchards, it js probable that it eflocts some degree of control of
this pest in the Orient. Further studies were not undertaken, since
this same species of Trichogramma is already widely distributed in
North America as a parasite of the fruit moth and other insects.

Two consignments, however, comprising a total of 1,580 oriental
fruit moth eggs parasitized hy Trichogramma minutum were forwarded
to Moorestown, N. .., in 1933 for experimental use. The first ship-
ment cousisted of 330 insectary-deposited eggs parasitized while ex-
poused in orchards in Kanagawa Prefecture 1 July and the second
consignment contained 1,250 fruit moth eggs parasitized with 7.
minutum under insectary conditions. The number of adult parasites
obtained from these importations was not reported, although the
stock was ample ta initinte breeding of the species at Moorestown.

Papax1riEs or THE Twic-INFESTING T.ARVAE

Twenty-two species of parasites were reared from twig-infesting
tarvae of Grapholithe molesta collected from Japan and Chosen during
1932 und 1933. All of these emerged as primary parasites of that
host and only one species, Plectochorus fwotensis {(Uchida), is related
to n group recorded as being secondury parosites,

APANTELES spp.

Four speeies of Apanieles were renred from twig-infesting larvae of
the oriental fruit moth. These are internal parasites of the immature
larval stages of the host and only one parasite has been observed to
develop [rom a parasitized fruic moth larva except in the single in-
stance noted under the discussion of . molestue. These Apanteles
larvne [requently become mature and leave the host larva before the
lutter has completed its feeding, or at lenst prior to formation of the
fruit moth cocoon. As a result, when collections of infested twigs
were being held, Apanteles adults often emerged in the rearing jars
from parasite cocoons formed among the mass of twigs and frass.
Occastonally the Apanteles cocoons were found inside the twigs, in
the tunnel formed by the feeding of the former host larva.  Parasi-
tization by these species is not always fatul to the host, as evidenced
by the fact that in several instances field-collected fruit moth larvae
from which Apenteles had been produced were successiully reared to
the adult stage.

The first shipments of Apanteles were forwarded from Yokohama
te Moorestown in 1933, Owing to the difficulty of identifying living
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adults, no attempt was madn to distinguish the species included in
or reared from shipments. An average mortality of 63.5 percent
occurrod in the 2 consignuents contalning & total of 587 host-froe
Apanieles cocoons and 4 adulis, and from these 216 parasites werp
received alive at Moorestown. Only 34 Apanteles, all originating
from larvae collected in Jepan, were reared at Moorestown from
shipmeuts of field-collected fruit moth larvae. A fotal of 250 Apanteles,
154 of which were femmles, were obtained from all shipments.

Apanteles molestae Mues. was deseribed by Muesebeck (9) from
specimens reared from twig-infesting larvae of Grapholithe molesia
collected in Japan snd Chosen in 1982. This species was reared from
11 localities in 7 Prefecturss of Honshu, fiom 3 localities in 2 Pre-
factures of Shikoku, from 1 locality of Kyushu, and from 2 localities
in 1 Province of Chosen. It emerged as the dominani parasite in 11
collections from § localities. All localities from which this spacies
was reared and the highest percentage of larvae parasitized by it in
any collection are listed below.

Iighest Flipheyt
tTEdRinge . pereeninge
Honshu: o para. | Honshu—Continued, of prr

Miyapi: aitization Okavama—Centinued. aitization
Sendai 3 & Niivamo-mura
Niigats: Seiden.____. _..__.
Keriha-murs .2 Yokoi-murn
Fukushima: Shikoku:
Date-mura 7 Kagnwa:
Hiraskuho-inura . 8 Danshi-murs._ ___ . ___
Nagano: Zota~mura
Nakasu (reared from Ehime:
cocoons trepped un-
der bands) {1} Kyushu:
Kanagawa: Fukuoka:
Noborito . Ono-inurg
Shizuoka: Chosen:
Mochimune . Keikido:
Okavama:
Mantomi-mura Suigen
i Percentage of prrasitization not knowa.

Apuanteles molesiae was of particular importance at Szaiden, Danshi-
mura, and Zota-mura. I wasreared in comparatively small numbers
from the other localities and in general scemed to attain its maximum
abundance about the second week of June. Although only 1 adult
of this species usually develops from n host, superparasitism may
oceur, as evidenced by the rearing, in & single instance, of both a male
and a female of 4. molesiae from the same host larva parasitized in
the field at Danshi-mura. Females predominated when this species
was reared from fruit moth larvae parasitized under field conditions,
63.6 percent of 250 adults reared {rom survey collections during 1932
being of that sex. Attempis to breed this parasite under Iaboratory
conditions at Yokoharna were unsuccessful. When confined in small
wooden cages maintained at room temperature (about 63° to 80°
F.) and provided with lump sugar and water, adults of both sexes
remained alive from 1 fo 17 days, the average longevity of the females
being 4.8 days and of the males 10 deys. When confined in similar
cages maintained in an ordinary ice refrigerator at temperatures of 52°
t0 57°, the minimum life of both sexes was increased to 3 days, but the
maximum and average longevity were reduced considerably.
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Apanteles taragemae Vier, was the most widely distributed species of
the genus reared from twig-infesting larvae of the oriental fruit moth.
It was reared from 32 localities in 12 Prefectures of Honshu from Ao-
mori to Hiroshima, from 2 localities in Kagawa in Shikoku, from 2
localities in 2 Prefectures of Kyushu, and from 2 localities in Keikido,
Chosen. It emerged s the dominant parssite in 28 collections from
20 localities. The localities from which this species was reared and
the highest percentages of parasitization are listed below.

Hiph‘fs! High!m
Hereenfogd ' pLrcen, e
Honshu; :of‘pam‘ Honshu—Continued. L4 pare

Aomeori: xitization: Kanngawa—Continued. séfzﬁf ion
Mukai-murs . 9 Shikugawsara
Yamagata: Soga-mura
Sakata
Yamagata
Niigaba:
Kakizaki
Kariha-mura
Nagano;
Mitsuoka-murs
Oshims-mura
Saitama:
Obukuro

Chiba;

0o
ol Sl
e

LY IR0 DO 0ok

{Meayama:
Kurashiki
Mantomi-murse

Yokoi-mura
Hiroshima:
Hiro-mura
Shikoku:
Kagawa:
Danshi-mura

Higashinaganuma
Tadoroki

Yamansashi:
Nisghino

Kanagaws:
Kashimada
Kawasaki
Motosumiyoshi
Musashinakanoshima._ _
Ninomiva
Noborito

Kyusghu:
Fukuoka:
Yukuhashi___________
Xagoshima:

Chosen:
Keikido:
SBuigen
Sosha
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Although widely distributed, Apanteles taragamae was reared as an
important perasite of the fruit moth only at certain localities in
Honshu. It was of importance at Mitsuoka-mure, where it was the
dominant species in each collection and oceurred in fairly abundant
numbers; at each of the localities from which it was reared in Tokyo
Prefecture, where 1t was also the dominant species in each collection;
and at several localities in Kanagawa and Okayama Prefectures,
where it became the dominant pargsite in some collections. It was
of listle importance on the other islands of Japan and in Chosen. In
most instances, when this parasite was reared from twigs coliected at
different times of the year from the same locality, incrensed parasiti-
zation occurred as the season progressed, the maximum being reached
ususlly in August.

Females predominated among Apanieles taragamae reared from host
larvae that had been parasitized iIn the field, 62.1 percent of 499
adults obtained at Yokoh.ms from survey collections reared during
1932 and 1933 being of that sex. Attempts to breed this parasite
under laboratery conditions at Yokohama were unsuccessful.

Two undetermined species of Apanteles, designated in the list of
species 0. page 10 os Apanteles A and Apanieles B, were reared in.
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only very small numbers from larvae of Grapholitha molesta and were
found only in Honshu. A siugle female of species A was reared from
& survey collection taken at Shininaruko, Kanagawa, and a male
emerged from infested fwigs collected at Mantomi-mura, Okayama,
1o connection with other work. One male and one female of species
B were reared from survey collections obtained at Mitsuoka-murs,
Nagano, and at Mochimune, Shizuoka, respectively, and two addi-
tional females emerged from twigs which were collected at the former
locality for use in other work.

Those referred to in table § as Apanieles spp. represent individuals
that developed only to the parasite-cocoon stage and were identified
from the cocoons as being of the genus Apanteles. All these probably
were of one or more of the four species mentioned above.

Bassus consricyus {Wesny)

The braconid PBassus conspicuus oceurs as a minor parasite of
Grapholitha moleste in Honshu and Chosen.  All occurrences of this
species in survey collections were from twigs collected from three
localities in June 1932. I was reared from 1.5 percent of the larvac
in 1 of the several collections obtained from Motosumiyoshi, Kana-
gawa. {rom 2 of 4 collections from Suigen, Chosen, where the muaxi-
mum parasitization by this specics was 3.7 percent, uud {rom 0.7 per-
cent of the larvae reared from 1 of 3 collections obtained Irom Taikyu,
Chosen. Five individuals of this species also cmerged from 30,695
infested twigs collected late in July and in August 1933, from Mié-
suocka-murs, Nagano, In connection with other work.

Bussus conspicuus is an internal parasite of the nmature larva of
Grapholitha moleste, the parasite larva leaving the host after the lutter
lins become mature and formed its cocoon, The parasite cocoon is
constructed within that of the former host. During June and July
at Yokohama the adult parasite emerged on an average of 11 days
and & minimum of 8 days after the parasite larva had issued from the
host. Females of this species appear to predominate under field con-
ditions, as indicated by the faet that 21 {84 percent) of 25 individuals
teared from the localities mentioned above were of that sex.

Bassus conspicuus was not obtained at Moorestown from shipments
forwarded during 1932 and 1833.

Bassus piversus (Mues.)

Muesebeck (9) described Bassus diversus as & new species from fe-

males reared from Grapholitha molesta in Japan in 1932, In his de-
seription Muesebeck states that B. diversus—
Differs from all ether species of the genus known to me in eombining an unusually
thin head, sharply impressed and punctate notauli, strongly ruguiose exareolate
propodeum, foveolate tnesopleural furrow, closely striate three basal abdominal
tergites, and black body.

Bassus diversus was reaved from only two Prefectures of Honshu,
from Mitsuoka-mura ard Oshima-murs, Nagano, the maximum para-
sitization by this species in any collection being 2.9 and 0.8 percent
at the respective localities, and from Kawasaki and Noborito, Ka-
nagawn, where at each locality 0.7 percent of the larvae reared were
parasitized by it. It did not occur as the dominant species in any
collection. This parasite was reared in 1932 from twigs collected
during May, June, and August, and at all localities other than No-
borito 15 occurred only in August or was more abundant in collections
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made during that month than in those made earlier in the season.
This species was reported to have been reared in small numbers at
Moorestown from field-collected fruit meoth larvae imported from
Clesen in 1933. In view of the fact that B. dizersus did not appear
in any survey collections of infested twigs reared from several locali-
ties in Chosen in connection with other work during that same season,
the record of its apparent occurrence in that country is questionable,

A total of 134 adults of Bassus diversus, all females, were reared
at Yokohama during the 2 sensons. Five unmated females, lLeld in
small cages at Yokohama, were observed to oviposit in September
1932, in young fruit moth larvae feeding just beneath the skin of enlire
apples. When mature, these larvae hibernated and were carried over
the winter in an open nsectary. In April and May 1933, 20 females
of B. diversus emerged from the parasitized host larvae, indicating
thelvotokous reproduction and alse the ability of this parasite to
hibernate successfully within hibernating larvae of the fruit moth.

Bassus diversus oviposits in immature [ruit moth lavrvae and develops
as o solitary internal parasite, the parasite larva issuing from the
malure host larva ofter the latter has constructed its cocoon. The
pnrasite coconn is formed within thai of the former host. Recowds for
15 ndividuals of this species reaved at Yokohama during June, July,
and September indicate that the adults emerged on an average of § to
¢ days after formation of the parasite cocoon, 6 days being the mini-
mum period observed.

This parasife was first sent. to the United States in 1933, Four
females were reaved at Moorestown from 19 host-free parasite cecoons
included in two consignments, and 76 females were reared from ship-

ments of field-collected fruit moth larvae, making o total of 80 adults,
all females, obtained from oll importations.

Erpamzox extexsor {L.) and MacroceENTiUs Tronacicts (Nees)

Twe bracenids of very similar appearance (fubsdizon extensor and
Macroventrus theraeicus) attack the twig-infesting larvae of the oriental
fruit moth i the Orient. It is difficult to distinguish active living
mdividuals of these two species. The method used has heen to subject
she adults, confined in glass vials, for a short time to a temperature
sufficiently low to arrest activity in order to observe with a hand lens
or binocular the single cubital cell in the forewing of F. extensor or the
presence of two such cells in the forewing of Af. thoracicus. Living
adults of M. thoracicus can usually be distinguished [rom the several
species of that genus parasitic on the orental fruit moth m North
America by the color of the head and abdenien, which is always almost
entirely black in thoracicus and net so in other species.

No attempt was made to determine the number of adults of each of
these 2 species reared at Moorestown from umportations., Two pre-
liminary consygnments of adults of AMecrocentrus thoracieus reared
from survey collections were forwarded to Moorestown in Julv 1932,
From a total of 198 adults shipped, 68 werc received alive, the mortal-
ity in the two shipments being 70 and 63.3 percenl, respectively.
A shipment of 196 adults of M. theracicus forwarded m July 1933
arrived at Moorestown with only 11.2 percent mortality, 174 parasites
being received alive. Only 7 adults were obtained from cocoons of

¢+ The made of this species was not ohserved during the cotirse of tha investigations reported in this bulietia,

hut males have since appeared oceasionally at Moorestown following continued breeding of the species under
lnberatory condilions.
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both species included in consimunents of miscellaneous parasite
cocoons forwarded duriag 1933, From field-coliected fruit moth larvae
shipped from May to July 1933, 2,734 adults of the 2 species were
reared at Moorestown, 58.9 percent of these emerging from host
larvae that were collected in Chosen. A total of 2,983 adults of
Eybadizon ertensor and M. thoracieus, 1,923 of which were females,
were obtained from all shipments during 1932 and 1933.

Eubadizon ertensor was reared from only two localities in Kyushu
and from one locality in Hounshu, Tn 1933 it was of particular im-
poriance &t Kurosalki, Kumamoto, where it was the dominant parasite
and was reared from 16.4 percent of the fruit moth larvae collected on
June 9. In a collection froin Shimazaki-cho in the same Prefecture
made 1 day previous, 3.9 percent of the larvee were peorsitized by
this species which was of minor importanee at that locality. The other
cccurrence was from Nishino, Yemanashi, where only 0.4 percent of
the larvae reatred from a collection made on June 24, 1932, were
parasitized by this species.

Of 32 individunals of Eubedizen extensor vearved from the abowve-
mentioned collections, 40.6 percent were females.  1n the rearings at
Yokohama, the adult parasite was observed to emerge an average of
10 days and o minimum of 7 duyvs after formation of the parasite
cocoon.  No attempt was made {o breed this parasite in the laboratory.

Maerocentrus thoravicus is widely distributed in Japan and Chosen
as o parasite of twig-infesting larvae of Grapholitha moleste. Tts
known range of distribution includes practieally all loealities scouted
in Chosen from Fusan to Kaijo. Fukuoka Prefecture in Kyushu,
Kagawn Prefecture in Shikoku. and 10 of the 19 Prefectures sconted
in Honshu from Aomori to Hiroshima. The localities from which
this species was reared are lisied as for the preceding parasites.

Tiighest T lighest
Honshu: ! ;?rgﬁrx:? Houshu —Continued P;?;,:::::?'

Anmori: sitization Oknyama—Caontinued sitizntion
Mukal-mura. . . __ 0.9 Manfomi-inura .. ... 0.8

Fukushima: [ Nilvamn-mura. . . _. .3
Hirekubo-mura_______ 1.4t Buaiden. . .. 2.3

Nagano: H Yokoi-mur . . _ 2.6
Mitsuoka-mura__ .. § Hirashima;

Oshima-mura______ __ L ) Hiro-mmea ... .. .. .6

Iharapi: ! Shikoku:

Mito. oo 4! Kagnwa:

Saitama: i Danshi-murn ... .. .R
Chukuroo oo, ... - . 137, Bakamoto-mnrn . .. 5.4
Osawn. . . __.._ e 1808 Zota-mora.. . 4. 6

Chiba: * Kyushu:

Sugano_. ... _.. . .. 2.5 Fukuoka:

Kanaeawa: } Yukubashi.  ___ - .7

Hirama__. . ..., .. 10. 7 Chosen:

Inadatamagnwn 21, Ketkido:

Kawasaki._ ... _.. ST Kaijo . . . .4
Rinuna._.. ... __. T4 Suigen.. - . )
Mizonokachi. . ... .. . 3.4 Keisho FHokudo:
Motosumiyvoshi______ . 1. 9 Ralganmoen 4.8
Noborito_ ... . .. . 5 3 Taikyu 28
Okurayama____ .. __... 24 Keisho Naatlo:

Shinmarako. . __._.__. 2.2 Chozeiho . 22,5
Takatsu, _.ooooooo. ... 102 Tukkin_ .. . .8

Qsaka: ; Tusan._ . .. . .. 5.3
Kono-mura., ... Kihooooo.. .. .. 15 2

Okavama:
Rurashiki. ..  __._ ..

o -
JET
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This species was reared as the dominant parasite in 24 collections
fromt 18 localities. The highest percentage of parasitization by 1t was
recorded from Fusan in the extreme sonthern portion of the Chosen
Peninsula, the only locality in Chosen at which Inareclate molestae
was found to be of little imvortance. Tt was also reared in fairly
abundant numnbers from the Prefectures of Kagawa, Kanagawa, and
Saitama, in all of which 1. molestee cither did not occur or was of
practically no importance.  Macrocentrus thoracicus was reared chiefly
from localities at which J. molestue either did not occur or was rela-
tively unimportant and, with very few exceptions, it either did not
occur or failed to attain any degree of abundance at loecalities from
which 7. molestae was reared as an important parasite.

Muacrocentrus thoracicus is an internal parasite of the immature
larva of the fruit moth. only 1 parasite developing from each host.
The manner of oviposition and of parasite development is similar to
that described for Beasus diversus. From rearings at Yokohama of
204 individuals of /. thoracicus from host larvae parasitized in the
field, the adult parasite was observed to emerge during the summer
months on an average of 11 days and a minimum of 5 days from the
date of parasite cocoon formation. Mating necurred readily and the
sexes usually remaived paired for less than I minute. Females
predominated when this parasite was reared from fruit moth larvae
parasitized in the field.  Of all such adults reared at Yolkohama during
the 2 seasons, 67.5 percent were females, and of those reared at Moores
town in 1933 from importations of field-collected fruit moth larvae
63.4 percent were of that sex. Equal numbers of ench sex were
produced from very limited breeding experiments conducted under
laboratory conditions at Yokehama.

METEORUS 1CTERICUS (Nees)

One female of Jletearus ictericus was reared from o larva of the
fruit moth in an infested twig collected at Tchikawa, Chiba, on June
7, 1932, and another specimen of this species emergzed at Moorestown
from ficld-parasitized fruit moth larvae imported from Japan during
1933. These are the only records of parasitization by this species.

Onciues Lowcicers Mues.

Orgilus longiceps was described by Muesebeck (9) from specimens
reared from Grapholitha molesta in Japan in 1932, In describing the
species, he states (9, p. 52):

This species is very similar to obscurala (Nees) but is readily separated from
that species by its even longer and more strongly compressed head, by its punc-
tate rather than rugulose face, by having the propodenm broacly polished across
the base, and by its paler clypeus, mandibles, antennse, and legs,

This parasite was reared only from the islands of Honshu and
Kyushu, on each of which it was found to eccur at 2 widely separate
localities. It was the dominant perasite and emerged from 9.4 per-
cent of the larvae reared from twigs collected at Togo. Shizuoka, on
June 30, 1932. In a collection from Mito, Ibaragi, on July 19 of that
same year only 8.8 percent of the larvae were found to be parasitized
by that species. At Yukuhashi, Fukuocka, n series of 15 ecollections
were made from June 6 to July 7, 1932, but Orgilus longiceps was reared
only from twigs collected on June 28 and 29, and the maximum para-
sitization by it at that locslity was 0.7 percent. This parasite oe-
curred in most abundant numbers in a sinele collection made at

AH/KI A - 3
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Shimazaki-cho, Kumamoto, on Junc 8, 1933, where it was the domi-
nant species and emarged from 22.5 percent of the larvae reared.

This species 13 an internal parasite of the immature larva of the
{ruit moth and is similar to Macrocenirus theracicus in its habits and
development. The proportion of sexes produced when Orgilus longi-
ceps was Teared from larvae that had been parasitized m the feld
showed decided variation. In the collection from Togo in 1932, 12,
or 70.6 percent, of 17 adults procduced were fomales, wheress in the
collection from Shimazaki-cho in 1933 only 11, or 37.9 percent, of 29
adults reared were of that sex. Qub of 50 0. longiceps reared at
Yokohema from larvae collerted from aoll localities during both sea-
sons 24, or 48 percent, were [emales; whereas 359, or 65.3 percent, of
550 adults of this species reared at Moorestown from importations of
field-collected fruit-moth larvae in 1933 were females. At Yokohama
the adults of this species were observed to emerge on an average of
7.3 days and a minimum of 4 days after the formation of the parasite
COCOON.

PuANEROTOMA GRAPHOLITHAE Mues.
~ Phanerotoma grapholithae was described by Muesebeck (9) from
specimens reared from larvae of the oriental fruit moth collected in
Japan and Chosen in 1932. In describing the species Muesebeck
states (9, p. 50):

Very similar to tibialis Haldeman [frequently reared as a parasite of the oriental
fruit moth in the United States], but distinguished espeeially by hoving the first
abseissa of the radius shorter than the second, by the anterior wings being only
very indistinetly banded or maculated, by the more delicate sculpturing of the
head, and by the weaker and shorter basal keels of the first tergite and the rela-
tively longer third tergite.

In Japan Phanerotoma grapholithae occurs as a parasite of Grapho-
litha molesia chiefly In the north-central portion of Honshu, where it
was reared from 93 localities. It was not reared from Shikoku and
was recorded from only 1 locality in Kyushu. It is fairly well dis-
tributed in Chosen, where it was rerred from 5 localities in the 3
Prefectures scouted. A list of the localities from which P. grapho-
lithae was reared is presented below.

Higheat " Highest
Fonshu: 'p:'}-c;’;’;‘;{‘ Honshu—Continued. p:f;';‘::f‘

Yamagatia: sitizaton Ianagawa—Continued. sitizelion
Sakata_ .. ..oo.o... 0.5l QOkurayama_____.______ 6.5
Sodeura-mura.._. .. .. .7 [ Shikugawara___._._.__ 2.5

Niigatn: ' Takatsu. .. ... 7.6
Seiro-murat. o oo . L 4| Tsunashima__.____.._ 85

Nagang: { Hhizucka:

Mitsuoka-mura_._ ... . 3. 5! Hara_ .. ___ __.______. 4.1
Nakasu._._.._... oo Mochimune.. ... _._ .5

Saitama: i Okitsu___ ... ._.____. 6
Maosubavashi___.. ... N i Okavama:

Obukuro_ . ._.. LY. Yokoi-mura_ ... .o_.... .7

Chiba: - Kyushu:

Sugano_ ... .. .3 : Fukuoka:

Tokyvo: ' Yukubashi. ... _.__._. o
Toderoki_......... ... !..;'(hoscn
Yopa_ ... b Keikido:

Kanagawa: ' Suigen_ .. ... ...... .3
Hiratsuko_ oo . 6. 7 Sosha_ _..__...__.____ 3.1
Washimada___._______ 34 Keisho Hokudo:
Kawasaki_____ ... _.__. L3, L T3 P .7
Moatosumivoshi. . .. . 18.1 Keisho Xando:
Musashinakanoshima__ 7.4 Choseiho__ . .o....___ .8
Noborito_ oo ... 5. 14 Wiheoo oo .5

I Reared only from fruit moth cocoons eollecied under trap bands.
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Althougl: parasitization by Phanerotoma grapholithae did not exceed
13.1 percent in any collection, this species became the dominant para-
site In Kanagewa Prefecture late in July and in August in many col-
lections. Elsewhere it was of little importance as a parssite of
Grapholithe molesia. It was renved as the dominant parasite from 22
collections in 11 Jocalities.

The eogg of Phanerotoma grapholithae is deposited within the egg of
the fruit moth, and the parasite lnrve develops as an internal pira-
site of the host larva while the latter feeds in o twig or fruit. The
parasite larva issues from the mature larva of the fruit moth and spins
1ts cocoon within the cocoon made by its former host. The aduls
parasites emerged during the summer months at Yokohama on an
average of about 8 days after formation of the parasite cocoon. Oniy
! parnsite develops from a host. Females oviposited readily in the
laboratory when fruit-moth eggs, deposited on pear folinge, were in-
troduced into glass vials or small wooden cages in which the para-
sites were confined. The larvae hatching from parasitized egzs were
reared on apples. The average life cyele for 277 individuals of P.
grapholithae bred in this manner at room temperature, 65° to §1° F.,
from eggs parasitized from July 11 to August 14, 1932, was 24.9 days.
The minimum and maximum lengths of fhe life cycle were 19 and 37
days, respectively. The proportion of sexes produced by this species
was not determined, .

As Phanerotome grapholithae was reared in only small numbers from
fruit moth larvae parasitized in the field, the species was bred at
Yokohama in the fall of 1932 to produce o stock for exportation. A
consigniment of 3,460 cocoons containing hibernating fruit moth larvae
reared from eggs that had heen exposed to parssitization by I’
grapholithae was forwarded to the United States in December of that
vear. These cocoons were held in cold storage at Moorestown
during the remumder of the winter, and 484 adults of P. grapholithae
emerged the following spring. The emergence vecords indicated
parasitization of 30.6 percent for the host individuals that swvived
and mortality of 54.3 percent for the total number of cocoons shipped.
Five adults and 230 cocoons of this parasite, all reared from fruit
moth larvae collected in the field, were included in 2 shipments for-
warded i July and August 1933. From these, 78 adults were
obtained alive at Moorestown, the mortality during shipment being
66.8 percent.  Only 532 adults of this species were reared from ship-
ments of field-coliected larvae of the oriental fruit moth. A total of
614 adults of P. grapholithae were obtained at Moorestown [rom all
consignments forwarded during the 2 seasons.

CRORINAETS s

Ove muale, identified by Cushman as Chorinacus sp., probably new,
was reared at Moorestown from field-collected larvae of the oriental
frait moth inported from Japan in 1933, This species was not rearsd
from any of the survey collections, and the locality from which the
single specimen originated is not known.

U'REMARTUS spp.

Three species of Cremastus were reared from twig-infesting larvae
of the oriental fruit moth in the Orient, but only one of these. (remas-
tus flavoorbitalis (Cam ), appears to be of any importance ns a parasite



http:To.Pil.Tl
http:indiyidun.ls
http:individuo.ls

20 TECHXICAL DBULLETIX 728, U. 5 DEPT. UF AGRICULTURE

of that host. The other two are undelermined species reared only
as occasional parasites.

All specimens of Cremastus shipped to the United States originated
from parasitized fruit moth larvae reared {from wfested twigs col-
lected in the field. No atiempt was made to differentiate the various
species when parasites of this genus were reared from: uuporiations
vecoived at Moorestown. Tho majority of thtose obtaimed from
shipments were undoubtedly C. flavoorbitalis, although o few individuals
of both undetermined specios were possibly included. One consign-
ment of 179 Cremastus adults reared from survey collections was
forwarded in July 1932, Of these, 100 adulis were alive upon univnl
at Moorestown, the morbality having been 4.1 percent. Only 9
adults of this genus were reared at Moorestown from shipments of
miscellaneous pnmstte cocoons forwarded in 1933. TFrom field-
collected fruit moth larvae shipped during that season 78 (remastus
adults were reared at Moorestown. A total of 18T adults, 133 of
them females, of Cremastus spp. were obtrined at Moorestown lrom
all saipments forwarded during the 2 seasons.

The parasite Cremastus flavoorbitalis is widely distribuled in Japan
and also oceurs in Chosen. It was reared from {ruit moth larvae in
twigs collected from the localities shown in the {ollowing list:

Flighest Flighert
percentuge percentage
Honshu: of pura- . of parn-
Nﬁgnta: sitization | Shikoku: Tfzmion
Kariha-mura___ .. __ .. 0.2 Ehime:
Saitama: Baishinji. . - .. 30
Obukuro_._.._...__._. 26| Xyushu:
Osawa_._._ . __.__._. 1.0 Fukuoka:
Chiba: Yukuhashi___ .. 14,1
Sugano_...o. e oo .0 Kumamoeio:
Yamanaghi: Shimazaki-cho. ... .5
Nishino_ . _.___.____.. . 31 Chosen:
Kanagawn: Reishe Nanda:
Takatsw._ .. ..o __ .4 Kihoo. ... _____ .. &3
Shizuoka;
Mochimune.. .. . L2
Togo.._.. .. .6
Hiroshima:
Hirg-mmra..__.. . .. .3
Koi_.oooo. L. - ... 2.1

As o parssite of the oriental fruit moth Cremastus favoorbitalis was
reared in most abundance at Yulkuhashi, in Kyushu, where it appeared
in each of 15 collections of infested twigs made durmrf June and July
1932, und ranked sceond to fnareolate molestae i order of dominance.
It was also reared in fair abundance from the 1 colicction obtained at
Kihe, Chosen, on June 10, 1932, where it ranked third i dominanece.
It was of minor nnport.{mce at all othier localities from which it was
reared. Clark (4) records this species as one of the valuable primary
parasites of the European corn horer {Pyroasta nubilelis (Hbn)) in
the Orlent and particularly in Kvushu,

The biology of Cremastus flavoorbitalis as u parasite of the fruit math
has not been studied, but its biology as n parasite of Pyreusta nubilalis
has been deseribed in detail by Bm(l]e\' and Burgess {3).  Attempts to
breed this parasite from the oriental fruit moth under laborator v
conditions at Yokohama were entirely unsuecessful. A total of 288
adults of this species emerred during 1932 and 1933 from all field-
parasitized fruit moth larvae reared in the Orient. Exnetly 50
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percent of these were females. Bradley and Burgess (3) record 62.1
percent of females of . flarcorbitelis reared from field-parasitized
larvae of P. nubilalis imported from the Orient. The proportion of
sexes produced ranged {rom entirely males to as high as 72.7 percent of
females in rearings of this pnarasite lrom 15 separate eollections of
twigs infested with orlental fruit larvae obtained at Yukuhashi dur-
ing the period June 8 to July 7, 1832. The sex ratio for 228 adults
reared {rom that locality was 49.6 percent of females. During the
summer months at Yokohama the adult parasite was observed lo
emerge on an averageof 10 to 11 days after formation of the parasite
cocoon.

Uehida (14) identified certain specunens of Cremastus reared by the
writer from Grapholithe molesta ns C. Aavoorbilalis (Cam.) form
coreanus (Uch.). Cushman, from examination of some of the same
and additional speeimens. considers that these should be treated as &
distinet species rather than as a form of Aavoorbitalis. He explains,
n correspondence, that “in this the first fergite extends below to the
median line while in flarsorbitalis the ventral margins of the tergite are
parallel and the sternite is visible throughbout its length.” For the
sake of convenience this speries is designated in this bulletin as
Cremasius 1.

Specimens of this species were reared only from fruit moth larvae
m infested twigs eollected from Suigen and Sosha, Keikido, and froem
Kiho, Keisho Nundo. in Chosen the highest percentages of larvae
parasitized by it in any collection being 2.1, 0.4, and 1.1 percent at the
respective localities. 1t uppears to be of decidedly minor importance
as a parasite of the fruit moth. Oaly 15 speelmens, all females, were

reared from survey collections.  No attempt was made to breed this
species in the laboratory,

Another unidentified species of Cremastus, designated in the present
bulletin us Cremastus 2. was reared only from fruit moth larvae in
Japan. where it was found to oceur at six localities, as follows:

{ighest Highest

pereeniage . perceniage
Honshu: af para- | Honshu—Continued, of pura-

Nagano: witization Kanagnwa: sitization
_ Mitsuoka-mura . Motosumivoshi., . _ ... _ 1,3
Ibnragi: Shizacka:
Mito__.. . . . .6
Tokyo: Shikoku:
Higashinagannmn LG Ehinwe:
Baishingi . D
Cremastus 2 appears to be of little importance as a parasite of the
fruit moth. Of 20 adults reared from survey collections, 40 percent
were lemales. Breeding of this species was not attempted under
laboratory conditions.

INareEoLATA moLEsTAR (Uchida)

An iehneumonid, Tnarcolata molestae, was described by Uchida {18)
from females reared from the oriental fruit moth in Jupan in 1932,
The female can be distinguished from most other parasites of Graph-
olitha moleste by the short. sickle-shaped ovipositor, which is weakly
curved upward and about half as long as the abdomen. The middie
coxae, which are dark brown to black basally, reddish-brown markings
on the abdomen, and coarser punctation of the thorax serve to dis-
tinguish this species from I. obliteratus {Cress.), a North American
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parasite of the fruit moth having entirely vellow to white middle
c}oxne, entirely black abdomen, and extremely fine punctation of the
thorax,

Inareolata molestae is the most abundant and the meost widely
distributed parasite of twig-infesting larvae of the oriental fruit moth
in Japan and Chosen. In all survey collertions made during 1932 and
1983 it was approximately eight times as abundant as either of its
closest competitors, Apenteles taragamee and Macrocentrus thoracicus.
I. molestae is very generally distributed in Chosen, where it was reared
from each of the nine localities scouted from Fusan to Kaljo. It is
present on each of the three islands scouted in Japan, and its known
ranee of distribution there extends fromn Kagoshima Prefecture in
southern Kyushu to Aomori Prefecture in northern Honshu. The
localities from which this parasite was reared are listed below with the
highest percentage of larvae parasitized by I. malestee in any single
collection of infested twigs from that locality.

Highest ] Ilighest

Honshu: percEniant ; Shikokw: P
Aomori: sitization Tnguwn: adizntion
Mukal-mwira.. . ... .. L& Sakwmoto-mmara_ ... .. L2
Yamagata: j Ehime:
Sakata_ .. L. -3 Baishini_ .- B3.7
Sodeura-mura. .. .. . __ LT Gogoshimu . . cem IB4
Niignta: Kyushu:
Kakizaki_ . .. ... 471 TFukuokea:
Keriha-mura. ... .._.. L 3} Yukubashi . ... bad
Nakanosidma-murn . . 1. & (ita .
Yukyuzan__. . - T Osada. oo al . . 106
Nagano: : Tumamoto:
Nakazatomura_ _. . _. ey Shimazaki-cho__ __. 2L 7
QOshima-mura. .. __ e Kagoshima:
Saitama: Toso.ooe.. ... .- - %43
Fujitsuka.__.. . ._._... 1. 3| Chosen:
Yamaanashi: Reikide:
Atagoyama_ .. ... . ... .5 Kaijo ...-.—.. ... .- 27.9
Nighino oo orcm e .6 Suigen_ ... .. . B4LB
Shizuoka: Soshf.oceeo....... . 845
Hara. . .omeoeo oo | Keisho Hokudo:
Moehimun@oomcn oo 2 Kniganmen ... ... ... 20.0
Qkayama: Totkyleooe oo o aaon 46,3
Mantomi-mura. .. ___ .9 Keisho Nando:
Yokolapura. oo ____ 1.0 Chosciho. . ..... ..... 45.6
Hirashima: Fukkintoo.. o wuoooo o 39. 0
Hiro-Mus oo ncaamnen 48. 3 Fusan. o oo oiimene 2.2
Kol oo e ciaaaa 4, -4 Kiho e e camaaam 26.9
Mukaishima .. ______ 20, 6
Sapba-mura___.._.____ 5.9

The highest percentage of parasitization by Inareolala molesiae was
recorded from Yukuhashi, in the northern part of Kyushu. where
this parasite oceurred in sbundance in all collections made through-
out June and the early part of July 1932. It was considerably less
important at all other localities scouted on that island. In Chosen
it aiso attained o high degree of parasitization at all localities {rom
which collections were obtained in the prefectures of Keikido and
Keisho Hokudo, but in Keisho Nando, especially in the more southern
localities at which Macrocentrus thoracicus occurred as an important
parasite, I. molestae was relatively unimportant. It was reared as
an important parasite at Baishinji in Shikoku and was the only
parasite from Gogoshima, s small island off the cosst of Shikoku
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near Baishinji. In Honshu I. molestae was of very little importance
except at Hiro-mura and Mukaishima, the latter being o small island
off the coast. It was reared as rhe dominant parasite in 45 collections
from 22 localities.

Only & few observations were made concerning the biology of
Inareolata molestae. It is n solitary internal parasite of the immuture
larva of Grapholitha molesia, the only host from which it has been
recorded. Oviposition usually cecurs while the fruit moth larva is
feeding within a twig where it is readily accessible to the rather short
ovipositor of the femuale parasite. In the laboratory at Yokohuma
females oviposited in very young larvae that were feeding just beneath
the skin of entire apples. After the parasitizved host larva has com-
pleted feeding and constructed its cocoon, the parnsite larva makes
its way out of the host and, when mature, forms its cocoon within
that of the former host. During the summer months, st Yokohama,
the adult parasites issued, on an avernge, approximately 8 days after
the date of parasite cocoon formation, and 4 days was the minimum
time recorded for the cocoon period. The life cycle of 33 of the para-
sites bred entirely under laboratory conditions at Yokohama from
larvae parssitized in July and August 1932, averaged 24 davs. The
minimum and maximum life cyeles were 22 and 31 days, respectively.
Mating occurs very readily, and the pairs usually remain in copula
for severn! minutes.

The ratio of the sexes produced [rom ficld-collected hosts varied
considerably at different localities and in the general regions from
which this parasite was reared. However, when several collections
were obtained Irom the same locality at different dates, the pro-
portion of sexes produced remsined Iairly consistently in favor of
one sex. The percentage of females produced from survey collec-
tions of infested twigs at the loealities from which a total of 15 or more
adults of this species were reared from all collections in 1932 ranged
from 25.6 to 86.7 percent. Of 3.610 adults reared from sll collections
during that year, 51.2 percent were females. The percentage of
females produced from the various regions was as follows: Honshu
36.2 percent, Shikoku 58.4 percent. Kyushu 42.9 percent, average
for Japan 43.8 percent; Chosen 56.4 percent, and for all localities in
Chosen it was over 50 percent. There appears to be no definite
correlation between the proportion of females produced and the
relative abundance of this species at different loeslities or in different
regions.

Adults of Inareolata molestae will remain alive for a long pariod
when confined under suitable conditions. Minimum, maximum, and
average lives of 36, 75, and 63 days, respectively, were recorded for
25 females; and 34, 66, and 51.3 days. respectively, for 15 males held
in small wooden cages at Yokohama during the summer of 1932,
From the date the adults emerged, June 20. until August 3 the cages
were kept in an ordinary ice refrigerator at approximately 52° to
61° F., and thereafter they were held in a darkened room at 75° to
85°. Lump sugar and water were constantly avsilable, and the
cages were removed to a lighted laboratory room for a few minutes
daily to stimulate feeding by the parasites.

Stocks of this parasite were obtained for exportation entirely from
field collections of twigs infested by larvae of Grapholitha moleste. In
July 1932, 2 preliminary shipments containing a total of 1,700 adults
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of Inareclata molestae, accumulated as o surplus from survey collec-
ticns, were forwarded to Moorestown. Of these, 407 parasites were
received alive. The mortality in the first shipment was 32.6 percent,
but for some undetermined reason mortality of 99.6 percent occurred
in the second shipment. Twe more censignments of adults, 1 of
which also included a few cocoons of tho parasite, were forwarded in
July and August 1933. From a total of 804 adults and 43 cocoons
shipped, 639 adults were received alive. The mortality in these ship-
ments was 19.1 percent for the one that included the cocoons and 47.1
parcent for the later shipment which contained only adults. An addi-
tional 682 adults were rearad st Moovestown in 1933 from cocoons of
this parasite included in 3 shipments of miscellaneous parastte cocoons.
The largest numbers of 1. molesiae were included in 4 shipments of
field-coliected fruit moth larvae forwarded during the summer of 1933.
From this source, 7,585 adult parasites were reared at Moorestown,
of which 75.6 percent emerged {rom larvae collected in Chosen. A
total of 9,213 adults, of which 6,167 were females, were obtained alive
at Moorestown from all shipments during the 2 years.

GrLyrTa cymonLoMIAE Uchids

In 1632 Uchida (/2) described Glypte eymolomiae ns o parasite of
Cymolomia mort Mats. from Katoni, Hokkaido. Tt was reared by
the writer in 1932 as a parasite of twig-infesting larvae of Grapholitha
molesta from Kariha-mura, Niigata, where 0.4 percent of the larvae
collected June 30 were parasitized by it, from Mochimune, Shizuoka,
where 0.1-percent parssitization by it occurred in a collection on June
10, and from Mitsuokse-mura, Nagano, percent parasitization un-
l\no“n from twigs collected durmg Aurfur-;t 1933, This species is
0 pparentlb only an oceasional parasite of “the oriental fruit moth and
was found by the writer only in Honshu. Only four females and two
males wers reared at Yokohama from all survey collections and none
emerged at Moorestown from importations of large numbers of field-
eollected fruit moth larvae.

Precrocuonrus 1waTENELS (Uchida)

A species deseribed by Uchida {17) in 1928 as Mesochorus twatensis,
and in 1933 transferred by him (14) to the new genus Plectochorus
was reared from fruit moth larvae in infested twigs collected from
the following localitiss in Honshu:

}-ﬁghf.ﬂ Eligheat
Honshu: ”:}”;2.‘;25" Honshu—~Continued. p‘;f;’::ﬁi‘
Niig sta: sitization I Kanagawa-—Conid. ditiaution
Beiro-mura_ . _ . _.._. __ 0.6 Takatsttaaee o cao. . ... 0.9
Kanagawa: Tsunashima. ... .. _. .6
Motosumiyoshi_. ... 3.9! Shizuoka:
Shikugawara____._._._ .5 Hara. .. 1.0

Plectochorus twalensis was reared as a solifary parasite of the im-
mature larvn of the oriental fruit moth. No evidence was found in
the host cocoons from which adulis emerged to indicate that these
had not developed as primary parasites of that host species. Ilow-
ever, many species of the closely related genus 17-sochorus are recorded
as secondary parasites. Equal numbers of both sexes ocecurred in the
24 specimens reared at Yokohama from survey collections during the
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2 segsons. 'This species was unavoidably present in shipments of feld-
collected fruit moth larvae forwarded from Japan, but only 3 adults
emerged at Moorestown from Importations during 1933, and these
were not released from gquarantine.

PrISTOMERUS VULNERATOR (Panzer)

Pristomerus vulnerator, which is also present in ¥rance and Italy as
o parasite of the oriental fruit moth, was reared from that host in
both Japan end Chosen. A noticeable varistion from the usual
coloration oceurs in certsin specimens reared from the Orient. Uchida
(14) has described these as a new form, erythrothoracis, distinguishable
from the typical species by the entirely red thorax and the reddish-
yeliow legs, the propodeum in the male, however, being dark reddish
brown. Cushman, in correspondence, hes pointed out that in his
opinion “the variation from »ulnerator to erythrothoracis Ueh. is so
gradual that the only point of division is between those having no
red on the thorax end those having more or less red.” An attempt
was made to distinguish this form only in the case of individuals
reared from parasite survey collections. Unless definite mention is
made concerning either form, the name wsulnerator as used in this
bulletin includes both forms.

Pristomerus vulnerator is very widely distributed in Japan and
Chosen and, according to Uchida (74), ulso occurs as a parssite of
Gelechia gossypielle Saund, and Cymolomia mortwora Mats. The local-
ities from which this parasite was reared are listed in table 3, the
maximum percentage of larvae parasitized by P. wulneralor in noy
collection of infested twigs and the form of the species reared being
indicated for each locality.

TaBue 3,—Localities {n Jopan and Chesen from which Pristomerus vulrerator was
reared as a pararile of the oriental fruil moth, the mazimuwm percenilage of lgrocs
parasilized by i in any collection, and the form of the species reared from each
localily

Muxhinim

I*refeetine or parasitian-
Provioes tion by £.
rulnerilor

Lacality Form of P. ridnerator resred

Honshu: : o Pereent
Sakata ........... . .._.._ Ynmaenta
Date-murs ... . Fukushia . . i.
Hirnkvhoaum... ... ..o ____ .
Mitsuoks-mura,.. . .. Nogeno.. . .....o_. i
Oshima-murh ... . . do... .. .. ... ..
Alitn L . cee. Pharami .,

Obukwre. ... ... Saltoms. .
hiba.
Kanugoawa_, .

T wypical spocies.
No. -

Do.
Do,

o,
Ergthrolhoracis.
© Ergthrothoracie,
Form nat determinm?,
. Frythrothoracix,
Takntsu. . da .. . : i Irpthratharicic,

P,@, -, s
PR A Ean

1 'Pyplend spectes,
Erythrotharacis,
" Tioth {orms.

Mochimong Shlzuokn.

THEL. . . s aeee Lo .

Yokottnurs. ... ... Qksyamm. . . ...
Shikeku:

Sokamalo-mura Eagaws .. ... ..., ..

Loda-molrs ... . . tle P
Kyushu: i

Youkvbashi __ ... . _______ Fukookn
Chosen; .

Kadjr. onv . ou. Feikido

iin .
Kelsho Tiokude. ... .

[ ¢ [ R
Eeishe Nando

Typical species.
+ Ergpthrothoracis,

ol

Typlen! forn fpossibaly both ¢
Hoth forms.

D, A
Form not determined.

Frythrathorecis (posiibly bothi?
: Bath forms.

b adad it ol
AL erZesn OB

! No data. Reared only Irom Iatrae in cocoons collected under trap bands.
1 Zome speeimens deterinined only 65 P, pulnerslor) reeords do oot indieate the form.
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The swvey collections indicated that Pristomerus vulneraior is
somewlat more abundant in Chosen than in Japun as a pavasite of
the oriental fruit moth. This species was reared as a parasite of
importance only at Xuijo, Chosen, where 10.8 percent of the fruit
moth larvae reaved from twigs collected June 21, 1932, were parasitized
by it. It was reared from twig-infesting larvae collected from late
in May to late In August, and there was little variation in the degree
of parasitization by this species at different times during that period.

Attempts to rear Pristomerus vulnerator under laboratory conditions
at Yokohama from fruit moth larvae of various instars feeding in
peach twigs and just beneath the skin of apples gave entirely negative
results. It is, however, an internal parasite of the immature larva
of the fruit moth, snd in general its habits and development are
similar to those of Imareolala molestue. Vhen confined in small
wooden cages meintained at room temperature, about 65° to 85° F.,
and constantly provided with lump sugar and water, females of P.
vulnerator remained alive as long as 49 days and males as long as 59
days. In rearings from survey collections 57.9 percent of the 159
aduits that emerged from field-parasitized fruit moth larvae eollected
during 1932 and 1933 were females. Of 59 adults reared ot Moores-
town in 1933 from imporiations of Reld-collected fruit moth larvae
50.8 percent were females. When reared at Yokohama during the
summer months from field-collected larvae the adult parasites emerged,
on _an average, 8.5 days after the date of parasite-cocoon formation.

Pristomerus vulnerator was first included in shipments forwarded
from the Orient in 1933. Eleven adults were reared at Moorestown
from all consignments of miscellaneous parasite cocoons. From all

shipments of field-collected fruit moth larvae 59 adults of this species
were reared, 44.1 and 55.9 percent of which emerged from larvae
collected in Japan and Chosen, vespectively. Only 70 adults, 36 of
which were females, were obtained from all imporintions during 1933.

TACHINIDAE

Three species of dipterous parasites were reared from the oriental
fruit moth in the Orient, These were all deseribed by Aldrich (1)
as new species, two in the genus Elodia and one in the genus Phorocera.
The adults of IZ. faripalpis and . subfasciata ave jet black. Adults
of P. pumilio are also black, but with cinerous polen on the head,
mesonotum, and humeri, and at the bases of the abdominul seements.
In the puparia of both species of Elodia the posterior stigmata are
stalked and are Jocated on u dlistinet protuberance, wheress in the
puparie of P. pumilio the posterior stigmata are not stalked and
protrude very slightly. Aldrich has shown that the two species of
Llodia can be difierentinted from ench other by the yellow palpi and
absence of discals on the intermedinte nhdommal seements of fawi-
palpis, wheress in subfasciate the palpi are black und diseals are
present on at least the third abdominal segment. Except for such
observations ss weie made when rearing individuals from hosts
fa-rnsitized in the field, little is known regarding the biclogy and
1abits of these flies.

All tachinids shipped originated from oriental fruit moth larvase
parasitized in the field. No attempt was made at Moorestown to
differentiate the species of flies reared from importations. All 3
species were very probably inclnded, but Elodia flaripalpis undoubt-
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adly ccewrred in greatest numbers. Only 3 flies emerged from host-
free puparia included in shipments and 210 were reared at Moorestown
from consignments of feld-collested fruit moth larvae. Of these
Intter, 90.5 percent emerged from larvae collected i Japnu and 9.5
percen. from larvae coilected in Chosen. Tachinids were included
only in shipments forwarded during 1933, a total of 213 flies being
ohtalned {rom all importations. :

A considerable number of Elodia adults failed to mature properly
upon emerging from the puparia, and as s result it was impossible, in
many such instances, to obtain specific identification of these speci-
mens. Records of the distribusion and abundance are accurate,
therefore, for the genus, bus not for tlie individual species.

Elodia spp. were reared from fruit moth lervae in fwigs collected
from the 1slands of Honshu, Shikoku, snd Kyushu end alse from
Chosen. The loealities from which they were reared and the highest
percentage of larvae parasitized by all species of Elodie in any collec-
tion of infested twigs from each Tocality are as follows:

Hfghtut Highest
erceninge N TCeTtage
Honshu: P para | Honshu—Continued P parar

Yamagata: sitization Shizuoka: sitization

Tendo-mura .
Yamngata . COsaka:

Miyagi: Kono-mure
Miya-mura . Okayarnn:

Niigate: Mentomi-mura.___. ... {3
Kakizaki . .9
Kariha-mura______.___ . Hiroshima:

Tukushima: Hiro-mura
Date-murs .8 Tottori:

Nagano: Shikoku:
Kamisuwa.______.____ Kagawa:
Mitsusks-roura Dapshi-mure. __ .. __ -
Nakazeto-mura Zote-mura. . _._._._
Oshima-murs Ehime:

Saitamn:
Fujiteuka. . ... ___ __
Masubayashi
Obukuro

oo

Kyushu:
Fukuoka:
Tukuhashi
Qita:

[er Rt S

Todoroki
Kanagawa:
Ninomiya
Noborito
Shikugawsara

Tsunashima

t Reared enty from fruit moth cocaons collected under trap bands,
2 Reazed only from fonit moth cocoons In corrugated-poaper strips pinped 1o trees.

Specimens definitely identified as FElodie Agvipelpis were reared
from each of the localities listed with the exception of Yamagata,
Noborito, Tsunashima, Mantomi-mura, and Dogo. All the specimens
from Tendo-mura, Ninomiys, Takatsu, Kono-mura, Tottori, Danshi-
mura, Osadn, and Sosha were of that spesies. E. Aaewmpalpis is
unquestionably the most important species of Elodic parasitic on the
{ruit moth in Japan and Chosen.




28 TECHNICAL DULLETIN 728, U. & DEPT. &F AGRICULTURE

Specimens identified as Elodia subfasciate were reared from Sakata,
where this species was more abundant than 2. flazipelpis in a colles-
tion of infested twigs obtained July 5, 1932. One specimen of
E. subfasciate also emerged from hibernating cocoons of the {ruit
moth collected in April 1933 from quince bark at or near Kamisuwa
in the vicinity of Lake Suwa, Nagano.

Itodia spp. were reared as the dominant parasites in 17 collections
from 15 localities. The larvac develop as solitary internal parasites
of the larva of the oriental fruit moth. The reddish-brown parvasite
puparium_ is usually formed within the pupu of the fruit moth, bus
occasionally oceurs within the mature larva of the host.  The posterior
stigmata of the puparium are black, stalked, and protrude through
the shell or skin of the host. Those of £. flaripalpis are about one-
shird longer and are more elavifonm than those of £. subfesciata.

The tachinid Phoroeera pumilio Ald. is rather widely distributed in
Honshu and was also reared from Shikoku and from the southern
portion of Chosen. It occurred as a parssite of twig-infesting larvae
of the oriental fruit moth collected at various localities from late in
May to August, but was of decidedly minor importance tn all instances.
It was reared from the following localities:

Highest - Highest
pereentige pereeniage
of para- ! Flonshu—Continued of para-
Heonshn: zifization Okavama: xbizadian
Yamagain: Niivama-mura_ .. ... 03
Sakata__. ... .___._. 0.1 Hiroshima:
Nogano: Kolooon ooy 0 aaan 7
Mitsuoka-mura_ __ ... 1. 3] Shikoku:
Oshima-mura_ . _______ .2 Kagawa:
Saitama: Zota-mura. . .. .. 1.5
Fujitsuka_ . ___... 1. 5] Chasen:
Osawn_. ... ___.____.___ 1.9 Keisho Haokudo:
Yamanashi: | Kaiganmen .o 1.9
Nishino. .. oo _._____ A Keisho Nando:
\ Kio....o. oo .8

The larva of Phorncera pumilio develops as an internal parasite of
the fruit moth larva. The yellowish-hrown parasite puparium is
usually formed within the pupa of the host. The posterior stigmata
of the puparium are not stalked and barely protrude from the surfnce.
Observations on individuals reared at Yokohama during June aud
July 1932, from fruit moth larvae parasitized in the field indicated
that the adult of P. pumilio emerged, on an average, 7 to 8 days after
the parasite puparium was first noted in daily examinations of the
host cocoons.

PARrASITES OF THE STAGES WitHrx THE Cocooxn

Thirty-cight species of parasites that attack the oriental fruit moth
after the mature larva has spun its cocoon were reared from this linst
in the Orient during 1932 and 1933. Nineteen species were reared
only as primary parssites, 3 species were reared to the ndult stage as
primary parasites only although in laborntory tests they attacked and
destroyed certain primary parasites from whiele their progeny [ailed
to complete development as true secondary parnsites, 2 species were
reared only as secondary parasites, 11 species were rearedd as primary
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parasites and also as secondary parssites either under tield conditions
or in tests conducted in the laboratory, and the relationship to the
host was not determined in the case of 3 species.

Goxtozys sp.

One frutt moth larva, within a cocoon collected from trap bands at
Ninomiya, Kanagawa, ou July 30, 1933, wus parasitized by a species
of Gondozus. When collected, five small parasite larvae were present
within the host cocoon along with the remains of the larva from which
they had developed as primary parasites. All emerged as adults 5
days Inter.

PeRISIENOLA n. sp,

Another beth; lid, identified by Muesebeck as a new species of
Perisiervla, was reared only from fruit moth cocoons in corrugated-
paper strips pinned to trees during 1933. So far as known, it is
limited in distribution to the southern part of Honshu, where it was
reared from cocoons exposed at Kurashiki (3.7-percent parasitization),
Mantomi-mura (2.9), Nishiyama-mura (5.2}, and Yokoi-mura (2.9),
all in Okayama Prefecture. = Cocoons were exposed in Okayama Pre-
fecture from July 18 to August 30 and this parssite was active through-
out that entire period,

Perisierola is a primary parasite of the mature larva of the oriental
fruit moth in the cocoon. The following observations were made in
connection with the breeding of this parusite under laboratory condi-
tions at Yokohama during August and September 1933: The small,
black adults are very active. Their ability to run quickly, fly upon
the slightest provocation, and work their slender, elongated bodies
through even finely woven cheesecloth makes the handling of adults
difficult. In attacking the host larva the female parasite first chews
her way into the cocoon. All hosts attacked by this species became
paralyzed. Although stinging was not actually observed, other species
of Bethylidae and also of this same genus are known to paralyze the
host by stinging. Before ovipesiting, the female parasite spends a
considerable amount of time biting at the Inrva with her strong man-
dibles. In one instance under observation, the biting process con-
tinued for more than 24 hours, interspersed with periods of rest.

The eggs, which are minute and hardly visible to the naked eye,
are milky white, elongated, and slichtly broader at one end than at
the other. They are deposited in a cluster or row externally upon the
body of the paralyzed fruit moth larva. The egg is firmly attached
at its broadest end to the dorsal or lateral surfaces of the host larva,
usually from about the third to the ninth body segment, and when
touched lightly with a needle the opposite end of the egg 1ises clear,
Fro: 5 o 13 eggs have been observed npon a single host, but it is not
known whether nll were deposited by 1 female. However, a single
female has been known to deposit as many as 8 eggs upon 1 host and
6 of these were reared to maturity. One female was observed to
paralyze 3 oriental fruit moth larvae and deposit o total of 16 eggs
upon the 3 hosts over a period of 12 days. Another femnle also
paralvzed 3 larvae, on 2 of which she deposited a total of 15 eggs.

The yellowish parasite larvae develop externally on the host. While
feeding, the head is inserted into the body of the host, apparently at
the same spot where the egg was attached, but the hody nften extends
outward from the host at an acute angle. In 3 or 4 days the parasite
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larvae become full grown, and the body of the host has usually become
almost completely desicented. The parusite larvae then construct
small, white, cottony cocoons within the fruit moth cocoon. The Iife
cycle for this species reared in the laborstory, at temperatures ranging
from 68° to 89° F., from fruit moth larvae parasitized bopromhc: 9
and 11, averaged 12.5 duys; and from hosts parasitized on September
23 and 25 at from 62° to 78° it averaged 27 days. The life cyele of
Perisierela reared from hosts palasltued in the feld during July and
August closely approximated the former averaze insofar as could he
determined.

From 1 to 12. an average of 6, adults of Perisierold emerged from
oriental fruit moth larvae parasitized in the field. Adults of hoth
sexes often cdeveloped from the same host, whereas in other instances
all adults produced from a single host would be either males or femules.
Adults confined in small glass vials without food or water were kept
alive as long as 35 days in an ordinary ice refrigerator at 53° to 62° F.
The stage in which this parasite hibérnates has not been determined.
This species was reared from the field only as 2 primacy parasite of
Grapholitha molesta larvae in cocoons, and in laboratory tests it showed
no melination to attack cocoons of Inareolata molestae, Phanerotoma
grapholithae, Pristomerus vulnerator, Bassus diversus, or pupae of 7.
molestae.

One consigument containing 36 laboratory-reared cocoons of this
species of Perisierola was hrourfllt fronn Yokohama to Moovestown by
the writer on his return to the United States during the winter of
1933-34. No emergence was obtgined Irem these cocoons.

CLINOFPENTRUS 0. §|).

Two males and one female identified by Muesebeck us a new species
of Clinocentrus were reared [rom cocoons of Grapholithe molesty col-
lected in trap bands at Obukuro, Saitama, in August and September
1932. These developed as solitary primary parasites, the adult para-
site emerging in each instance {from the inflated body of the mature
fruit moth larve. The stage in which these attacked the host iz not
known, as parasitization may have occurred either while the larvae
were feeding or after they had become mature and lormed their

COCO0ns.
METEORIDEL 0, 8D,

Two males, identified by Muesebeck as a new species of Meleordadea,
weare reared from oriental fruit meth cocoons that had been formed in
corrugated-paper strips and later pinned to trees in Japan and Chosen
in 1933. Both emerced as primary parasites from the pupnl stage of
the host, one from cucoons exposed ot Mitsuoka-muren, Flonshu, during
the period July 2% to August [, and the other {rom cocvons exposed at
Heitaku, Chosen. from August 12 to 16, The host o each instance
originated {rom ficld eollections of infested {wigs, and it is possible
that parasitization might have sceurred previous to the time the
cocoon was exposed. However, since this braconid was not rearved as
a lnrval parasite from extensive collections of {wig-infesting larvae, it
is probable that parasitization occurred during the time the host
cocoons were exposed.
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CALLICERAS 0. s

A parastte identified by Muesobeck as a new species of Calliceras wus
frequently reared from cocoons of the oriental fruit moth in Japan
and Chosen from the following localities:

Houshu; i Chosen:

Nagnno: 3 Keikido:
INamisuwa. Anyo.
Mitsuoka-mura. Lnsenr.

Saitama: Heitnku,
Obukuro. Keijo.

Kanagawa: Sosha,
Motosumniyoshi. Suigen.

Okavamas
Mantomi-mura,

1
!
[
|
!

It occurred most abundantly at Suigen, where 1t was reared [rom
6.6 percent of the cocoouns collected from bands and from 0.9 percent
of those pinned to trees during 1933. Purasitization by this species in
all cocoons reared from other localities was considerably less than 1
percent.

This species of Calliceras is principally o secondiary parasite of
Grapholithe molesta, as evidenced by the fact that it was renred as such
from 82 (96.5 percent) of the 83 fruit moth cocoons parasitized by it.
In the 3 instances in which it cccurred as a primary parasite, the
adults emerged from the pupal stoge of the fruit moth. Its known hosts
as & secondary parasite are [nareolata molestae, Pristomerus vulnerator,
and Perisierole 1. sp. In one instance nine adults of Perisierola n.
sp. were reared from a fruit moth Iarve in the cocoon and 2 adults of
Cualliceras n. sp. emerged {rom cocoons of the primary species. From
I to 26 adults of this new species of Callicerus were reired from 1 single
host, the average emergence from 84 hosts being 10.5 parasites. No
record was made of the proportion of sexes produced.

C'ALLICERAS SP.

Twenty-three adults, identilied as another undetermined species of
Calliceras, emerged as secondary parasites from one cocoon believed o
be Bassus sp. reared from fruit-moth cocoous in corrugated-puper
strips pinned Lo trees ab Mitsuoka-mura, Nagano, in August 1933,

ANTROCEPHALUS 11 3P

A chaleidid, reared from oriental fruit moth cocoons in corrugated-
paper strips pimmed to trees in Okayama Prefecture, Jupan, in 1933,
was identified by Gahan as a new species of sntrocepholus. Tt was
reaved [romn two localities, Kurishiki and Mantomi-mura, and oceurred
only m eocoons exposed during the latter half of Aueust, Coeoons
lots that remaied pinned o the wees for 4 dayvs were exposed at
Rurashiki continueusly from August 6 to 30, but parasitization by {his
species first occurred i those expozed on August I8 and continued in
all subsequent loty. At Mantomi-mura cocoons in bots that remained
pinned to the trees for periods of 3 or 4 days were exposed continu-
ously from July 18 to August 30, but _inlreceplalus was reared only
from those exposed duriug the period August 20 to 28. "This species
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parasitized from 15.2 to 28.7 percent of the cocoons in the lots that
were exposed on different dates during the period of its oceurrcuce at
Kurashiki, but only 1.9 to 2.4 percent of the cocoons in the lots that
were exposed on different dates at Mantomi-mura. This parasite was
reaved from 15.5 percent of all cocoons exposed at Kurashiki and
from 0.3 percent of all cocoons exposed at Mantomi-mura.

Anirocephalus was rearcd as a primary parasite of the oriental fruit
moth and no indication of secondary parasitisin was noted in rearings
of this species from cocoons parasitized in the field. In laboratory
tests it showed no inclination to attack cocoons of Inareolata molectue,
Bassus sp., 2enoples molestae, or fruit-moth pupae previously purasi-
tized by Phaeogenes haeussleri. The egg of Antrocephalus is deposited
internally in the fruit-moth pupa and the species develops as an
mternal selitary parasite of the pupal stage of the hiost. Thie parasite
issues by breaking off the entire anferior end of the pupal shell of the
host. When this species of Anfrocephalus was reared from fruit-moth
pupae in cocoons sttacked in the field, 74.0 and 88.9 percent of the
adults that emerged from cocoons exposed at Kurashiki and Mantomi-
murs, respectively, were females. This species hibernates us u full-
grown larva within the pupal shell of the host.

Bracuysments ExcanisaTa Gahan

The cheleidid Brachymeria eccarinate was reared as a parasite of
oriental fruit moth cocoons spun in corrugated-paper strips and pinned
to trees in Obukuro, Yoga, Ninomiya, Okurayamsa, and Mantomi-
mure in Honshu; and in Zota-mura i Shikoku.

Although it occurred in all instances as a primary parasite, Brachy-
merit ercerinute was of only mimor importunce and parasitized less
than 1 percent of all cocoons exposed at cach of the above locelities.
In laboratory tests B. ercarinate showed no inclination to attack either
mature larvae or pupae of Grapholitha molesie, cocoons of Inareclata
wmolestae, or larvae of Aenoples sp., either naked or enclosed in cocoans.
When reared from hosts parasitized in the field it always emerged as
a solitary parasite from the pupal stuge of the fruit moth. The para-
site adult 1ssues through a small hole chewed in the ventral portion of
the host pupe near the anterior end. At Mantomi-mura the sexes
emerged in equal numbers, but males predominated at all other local-
}l:ie&1 Of all adults reared during the 2 years, 34.3 percent were
emales.

HavricELLA DL sp.

Another chaleidid, identified by Galan as Flaltichelle n. sp., very
close 1o maculipennis De Btefani, is one of the more eomumon parasites
of oriental fruit moth stages in the cogoon in Japan and Chosen. It
was reared during botl years from cocoons of the summer generations
colleeted from trap bands and bark, and alse from those exposed in
rorrugated-paper strips pinmed to the trees: but it was not reacred
{rom cocoons of hibermating Mt moths.  Haltichelle s widely dis-
tributed, as is indicated by the fact that it was present in each of the
nine Prefectures scouted for cocoon parasites. All the locnlities from
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which this species was reaved and the percentage of cocoons parasi-
tized by it are listed below.
Honshu: ﬁfif,iﬁé‘fi‘ i Honshu—Countinued. i}'ﬁiﬁﬁi‘i‘;‘
Nagano: paresitized shisnoka—Continned. purasitized
Mitsuoka-miura. . _ . 3.8 Mikoo_ .
Nagano e - 3.3 Okitsu. .
Sattama: Okayama:
Obukuro .1 Iurashiki_ _
Chiba; Mantomi-murn
Sugano . D Nishiyama-mura __
Fokyo: .
Komazawa .
Kanagawn: Shikoku:
Moiosmuivoshi b Kagawa:
Ninomiya 1. Zota-mura |
Chkurayama . 6§ Chosen:
Takatsu. .. ... . Keikido:
Shizuoka: Ensenrio__ _._ __ 50
Reijo.. _... ... . .4
| Snigen._ . . . L

Haltichelle occurred chiefly as a primary parasite of the oriental
frutt moth. Only 1.6 percent of 951 individusls reared from field-
parasitized fruit-moth cocoens emerged as secondary parasites, coming
from the cocoons of Jnereolala moﬁfsiae, Pristomerus vulnerafor, and
Apanteles sp. 1t was also reared as a secondary parasite from =
cocoon of Phanervioma grapholithae attacked under laboratory con-
ditions, When the adult emerged as o primary parasite, 1t was
always from the pupal stage of the host although, under lzboratory
conditions, females were observed to attack both mnture larvae and

pupae of Grapholitha molesta. The complete life cycle averaged 18
days at temperatures of 73° to 88° F. When this species was reared
from _hosts parasitized in the field, 76.5 percent of 726 adults were
females. Equal numbers of the sexes emerged when small numbers
of this species were reared from the fruit moth under laboratory con-
ditions.

Purororroris xawair {Ashm.)

Pleurotropis nawaii was reared as a parasite of fruit-moth stagres in
the cocoons in corrugated-paper strips pinned to trees at Mantomi-
murs in Honshu, where it attacked four of the cocoons exposed during
August 1933. It occurred once as a primsary pupal parasite of the
oriental fruit moth and three times as a secondary parasite of cocoons
of Perisierole n. sp.  When reared as a secondary parasite from Peri.
sierola, Pleurotropis nawaeri did not alwavs parasitize all individuals of
the primary parasite. Adults of hoth species were reared from the
same fruit-moth cocoon in two instunces, those of Perisiersla emerging
as primary parasites of the mature fruit-moth larva and those of
Pleurotropis nawaii emerging as secondary parasites from Ferisierola
cocoons. Only one adult of Pleurotropis nuwail emerged from the
fruit-moth pupa that was attacked by this species, and examination
of parasitized Perisierole cocoons indicated that probably only one
adult of Pleurotropis emerged from each cocoon of that host,

ErrsLmes FORMOSAE Ashm.

Eupelmus formosae is o parasite of the oriental fruit moth in the
cocoon in both Japan and Chosen. It was reared from cocoons col-
fected from trap bands and aiso [rom those in corrugnted paper pinned

2EEBL2~ 30 ——d
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to trees at Mitsuoka-mura, Nagano, Toyoda-mura, Masubayashi,
Motosumivoshi, Tukatsu, and Tsunashima, in Honshu; and from
Sosha and Suigen in Chosen. This species is of minor importance as
a parasite of fruit-moth cocoons, but 2.7 and 3.5 percent, respectively,
of nll fruit-moth cocoons reared at Mitsuoka-mura and at Suigen during
1932 and 1933 were parasitized by it.

Eupelmus formosae develops as u solitary internal parasite of the
host and has been reared as a secondary parasite as well as a primary
parasite of the fruit moth, showing little preference with regard to
choice of host. It emerged as & primary parasite from 55.7 percent
and as a secondary parasite from 44.3 percent of 255 fruit-moth
cocoons attacked in the field at all localities during the 2 years. When
reared as a pritnary parasite, £. formosae sometimes developed from
the mature larva and at other times from the pupa of the host. It was
rearedd as a secondary parasite from cocoous of Inareolate molestae,
Aenapler sp.. Pristomerus rulnerator, and f£hanerofoma grapholithae,
all parasitized by it in the field. Females of . formosae greatly out-
numbered the males, 93.6 pereent of 250 adults reared from hosts
parasitized in the field being females. This parasite hibernates within
both the mature larva and the pupa of the fruit moth and also within
the cocoons of several primary parasites of that host.

Ecrrioas ApENDIGASTER (Rwed.)

Furytoma ¢ ppendigaster is one of the more common cocoon parasites
of the oriental fruit moth in Japan and Chosen. This species was
rearecd by the writer (?) as one of the principal parasites of the fruit-
moth cocoons in Franee and Italy, and it has also been reared as a
parasite of fruit-moth coeoons in the United States. The localities
from which E. appendigaster was reared in the Orient during 1932 and
1033 and the percentage of all fruit-imoth eocoons collected from trap
bands and in corrugated-paper strips pinned to trees that were para-
sitized by it at each laocality are inclicated below,

. . Prreenloge
Hensin: Percentast  Honshu—Continued. of eoroons
Nagano: purngitized Ranapaws—Continued, parnsitizal
Kamisuwa.__. . 19 Okurayama........ -. L7
Mitsuoka-mura . . - 3.2 Pakatsy.............. 3.3
Nagano_ ... . 2.9 Tsunashima__.. . . _. 1.1
Nokasti_ .. ... .--- TG Hhizuoka:
Oshima-mnra. . 1.7 letsu, I, 2.1
Shimosuwa-cho_ __ _. 8.0 ) 10{;0._ .. Lol 1. 0
Tovada-mura . L7 Okayama:
Raftama: " Mantomi-mury ... .2
Obukuro . . 3. 5 Shikoku:
Chiba: Nagawe:
Sugano_.. .. . a6 dofa-mura. - L oo .. L
Tokve: Chosen:
Higashinugantmon . Keikido:
Komazawn . __ 2.4 Anvo. . -~ LD
Yoga_ . . ) 3.7 Heitaki . .. 103
Kanagawa: Keijo. . nl' i
Motosumivoshi. . . .. 2.9 Sosha .- 250
Ninomiva__._ . . .. d Suigen. AU

Keared iy from eneoons of the hibernating fruit month,

"This parasite was rarely reared from the cucoons of hibernating
[ruit moths collected from bark. Tt parasitized only 0.1 percent of
soveral hundred individuals reared from such cocoons collected at
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Kamisuwa in Mareh and April 1932, and also ciuerged from one of
two such cocoons collected at Higashinaganumae in March of that vear.

Lwrytoma appendigaster emerged as a primary parasite from 499
percent and as n secondary from 57.8 percent of the cocoons sttacked
by it in the field in Japan and Chosen. Tt was reared as a hyperpara-
site from cocoons of Inareolate molestae, Aenoplex sp., Pristomerus
vulnerator, Phanerotoma grapholithue, and Apanieles sp., and from
those of a braconid which was either Fubadizon cxtensor or Macro-
centrus thoracicus.  As a primary pavasite, £ appendigaster developed
from etther the mature larva or the pupa of the fruit moth. As n
secondary parasite, the adults always emerzed from the coeoon of the
primary species.  Usunlly only 1 adult was reared from ench host,
but in 1 instance 4 males emerged from the same fruit mmoth pupa and
on snother oceasion 2 females eimerged as secondaries from 1 cocoon of
L. rulnerator. Oune instance of multiple parasitism was noted, in
which 1 female of £ appendigaster and 2 adults of Teirastichus ibsen;
all etnerged as primary parasites from the sane fruit moth pupa. F.
appendiguster hus heen observed to hibernate successfully in both
muture larvae and pupne of Grapholithe molesta, and also within the
cocoons of I. molestae, P. grapholithae, and Apanteles sp. Females of
L appendigaster predominated, 79.9 percent of 1.350 ndaults reared
from hosts parasitized in the field being of that sex.

AENOVLEX MonpsTar LUehidal

A parasite, deseribed by Uchida €44) as » new spocies, Hemiteles
¢t feadelphus) molestae. was transferred by Cushmun (5) to the genus
Aenopler.  Cushman says (3, p. 7494

This Iapanese parasite of Grapholithe molcsta (Busek) is very similar to the
American parasite of the same host, .ienopler betilaceols Ashmend, but iz easily
distinguished by its dorsally morve shining thorax and ahdomen, and the distinct
white base of the hind tibia,

Stenoplex molestae was resred Irom cocoons of hibernating fruit
moths collected from bark and also from those of the sununer cenera-
tions collected from trap bands and exposed in corrugated-paper strips
pinned to trees. It was reared only from Honshu and cmerged from
cocoons purasitized at Kamisuwa, Kyowa-mura, Mitsuoka-mura,
Nagano, Nakasu, Shimosuwa-cho, Tovoda-mura. Yawsate, Ninomiya,
Noborite, Shimoszogs, and Okitsu.

Puarasitization by this species ranged from 0.6 to 7.2 pereent of the
fruit moth cocoons obtained from all sources during 1 or both yeuars at
those Joeadities from which the total emergence from all cocoons col-
lected exceeded 100 individuals.

ewapler molestac vecurved ondy s n primary parasite when reared
from fruit moth cocoons purasitized in the field. It was reared from
both the mature Inrval and pupal stages of that host. AMating occurred
readily when adults were confined in small cages. The evg is deposited
within the cocoon of the fruit moth but external to the host. Females
have heen observed to pieree through corrugzated paper with the ovi-
positor in order to oviposit within fruit moth cocoons spun in the corru-
gations.  The Jurva develops as an cctoparasite, and when full-gzrown
constructs its cocoon within that of the fruit moth beside the remains
of the host.  Only 1 parasite was produced from each host. When
reared from cocoons of fruit moths hilbernating in the field and from
those collected under trap bands, 82.7 pereont of 83 parusites that
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emerged were [emales. When reared from cocoons in corrugated-
paper strips pinued to trees, the sex ratio was practically reversed, only
37.6 percent of 165 emerged purasites being females, Only 1 (3 per-
cent) of 33 parasites bred under laboritory conditions was o female.

One cousignment of 295 host-free parnsite cocoons, wlentified ax
those of Aenoplex molestae, originating from cocoons of hibernuting
fruit moths collected from quince bark in the vicinity of Lake Suwa,
Nagano, was forwarded to Moorestown in 1933, and from these 208
adults of A. molestue were reared. A second constgnment of 103
luboratory-reared vocoons and 3 males of this species was forwarded
lirter in the same season, and [rom the cocoons 30 adults were obtained
at Moorestown. The 3 males included in the Iatter consignment
survived shipment in the adult stage, A totul of 241 adults (113
females) of 21, molestee were obtained at Moorestown frem all importa-
tions. The purpose of these shipments was to furnish material for
study, under quarantine conditions at Maorestown, of the reactions
of this parasite to the nuative andl introduced parasites of the [ruit
moth. The workers at Moorestown (2) found that A, molestae would
attack cocoons of (Hypta rufiscutellaris and Calliephialtes sp. as readily
as those of the fruit moth and reured it as a secondary parasite from
both species.  The entire stock of A. molestae wus therefore destroyed
and impoertations were discontinued.

ABNOPLEX spp.

Three undetermined species of Aenopler were reared ns parasites of
the oriental fruit moth in Flonshu. TFor convenience these are desig-
nated in this bulletin as species A, species B, and species C. They
emerged ouly from cocoons of hibernating fruit moths collected frotn
bark. Species A was reared [rom Ninomiya and Shimosoga.  Species
B and C were both reared from the quince district near Lake Suwa
and from Ninomiyn. All three species are apparently only oceasionni
parasites of the fruit moth, the percentage of cocoons from which eacl
species was reared being extremely low at each locality. All emerged
as primary parnsifes insofar as could be determined from examination
of the available host remains.

{AEXQCRYPTUS 1. 8.

Four females sl six males, identified by Muesebeck as weno-
cryptus 1. sp., were reared at Moorestown in 1933 from a shipment of
Aenoplex cocoons that originated from cocoons of hibermating fruit
moths collected from quinee bark in the vieinity of Lake Suwa.  Tlis
is the only record of this species. It is not known whether the adults
emerged as secondury parasites from the Aenoples cocoons or whether
they were primary parasites of the fruit moth having cocoons resem-
bling those of Aenoplex.

CALLIEPHIALTES Spp-

Certain ichmeumonid speeimens renrcd [rom cocoons of Grapholitha
maolesta collected in Honshu were identified hy Uchida (14) as fophialtes
lespeyresiae Uchida. Cushman (5} placed these in the genus Call:-
ephialtes and points out that were it not for » very distinet difference
in the male genitalin he would be inclined to eonsider this and €
benefactor Cush., an American parasite of the same liost, no more than
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races of the same species.  In correspondence he has indieated that
the males bred from thie fruit moth in Japan divide into two groups on
thie color of the antennue and apparently differ also in the form of the
cenital sheath, but there appears to be no character by which the
females can be separated into two groups. Specimens of both sexes
with the underside of the antennae pale he has identified as . lagpey-
rextue (Uchida), while males with the underside of the antennae cark,
he holds separate as Calliephialics sp.

Purasites of the genus Calliephiaites were reared only from cocoons
of lubernating fruit moths from quinee trees in the district surrounding
Fake Suwa and from peach and sand pear trees at Ninomiya, Kana-
gnwn. Specimens definitely identified as (. laspeyresiae and also
those which Cushman holds separate as Calliephialies Sp. were reared
f {‘nm both Jocalities. TUkchida also records Ephialtes luspeyresiae from
A0, .

Although these species of Calliephialtes occur only as primary para-
sites of the oriental fruit moth, they are not of very great importance
as such in Japan. In rearings from all coroons of hibernating fruit
moths collected from the Lake Suwa district and from Ninomiya
during the winters of 1931-32 and 1932-33 ounly 0.6 percent of approxi-
mately 26,900 individuals reared from the former locality and 7.9
prreent of 139 individuals reared from the lntter locality were parasi-
tized by this genus. The males of Culliephialies spp. greatly out-
numbered the females. Of 120 adults reared at Yokohama and
Moorestown from cocoons coflected in the field in Japan only 15 per-
rent were females.  Calliephialies bred under laboratory conditions
it Yo%iolmnm and shipped to Moorestown for emergence ran entirely
to males.

Two consignments of Calliephialtes spp. were forwarded to Moores-
town in 1933. The first shipment included 155 host-free parasite
cocoons obtained from the field, and from these 103 Calliephialtes were
reared at Moorestown.  The second shipment contained 6 males and
32 parasite cocoons bred in the laboratory at Yokohama. Four
of the adults survived shipment and 27 additional males were rearod
from the cocoons, A total of 134 Calliephiaites adults, ouly17 of which
were females, were obtained at Moorestown from all importations.

Cryrrus stavk fMats)

'The males of an ichneumonid reared from Grapholitha molesia by the
writer and from the same host and also from Kukiroria farofasciata
Nrgnno by others in Japan were deseribed by Uchida (f7) as a new
species, Hobrocryptus yagor, the female being unknown at that time.
Cushman, who subsequently identified a larger series including both
sexes reared from the fruit moth, considers this species synonymous
with Cryptus suzukii (Mats.) and explains in correspondence as follows:

T am eonvinced of the correctness af the above svoonyiny, wagei bring the male
af swzakii. We have females from another =nuree that are cortainly suzukii, and
I find no differenee exeept in size botween these and females from the peach moth.

Cryptus suzukii wes reared by the writer only from the cocoons of
hibernating oriental fruit moths collected in Honshu, It was reared
from  Nagano, Kamisuwa, Ninomiya, Noborito, Shimosoegn, and
Suzukawa. At Kamisuwa this parasite was rearcd from 0.2 percent
of 927 hibernating [rvit moths collccted curing March and April
1832, and [rom less than 0.1 percent of approximately 26,900 hiber-
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nibing fruit moths collected from that general vieinity during Decem-
ber and January of the following winter. At Ninomiya it was renred
from 6.5 percent of 31 {ruit moth cocoons collected in February 1932
and from 16.7 percent of 108 cocoons collected in March 1933, The
number of cocoons containing hibernating fruit moths eolleeted [rom
the other locelities was too small, in each instance, to furnish data ol
significance with regard to the percentuge of puarasitization by this
species. Uechida (74) records o male of Ifubrocryptus yagoi from
Sapporo on the isiand of Hokkaido, a male renred by M. Yago from
Grapholithe moleste in Shizuoka Prelecture, and a male reared from
Gy by K. Murase from the cosmopterygid moth Kekiroria fluco-
faserale Nagano, a serious pest of the persinmon in Japan,

The stage of the host when uttacked by Cryplus suzukii was not
determined. The cocoon of the parasite was usually present within
the cocoon of the fruit moth at the time these were collected in the
field, the parasite apparently having developed from the mature larva
of the host.  Only one adult of this species emerged from each para-
sitized host. Alales predominnted, only 12.2 percent of 49 adults
reared from cocoons collected ot all localities belng feranles. ¢,
suzukit was reared only as o primary parasife of the f{ruit moth, and
there was no evidence to indicate that this species might also oceur
as a hvperparasite.

Frntalres nislanis (Vier)

Four specimens of the ichneumonid Ephialles disparis were reared
from Honshu in 1933 as primary poarasites of the cocoon stage of the
oriental {roit motl. One emerged [rom a hibernating cocoon collected
in January from the Lake Suwn district, two emerged from similar
coroons collected in March af Ninomiya, and one emerged from n
summer cogooh faken under a trap band at Nalasu, Nagano, in
August. These from hibernating cocouns developed as internai
parasites of the mature fruit moth larvae, the distended bodies of the
liost larvae serving as the cocooms from which the adult parasites
emerged.  The single specimen reared from a swnmer cocoon devel-
oped in the pupal stage of the host, the pupal shell serving as the
epeoon from which the adult parasite emerged. Only males were
obtained.  This speeies is apparently not o common parasite of the
ariental fruit moth.

CPHIALTES 11 5P,

Another species of Fphivlies, identified by Cuslhuinu as new. was
more fraquently reared as & parasite of truit moth eocoons in Japan.
Tt was reared only from cocoons in corrugated-paper strips pinned to
trees at 3 localities in Honshu, namely, Mitsuoka-mura, Nagano, wnd
Obukuro. At Mitsuoka-nwres 0.8 percent of the cocoons exposed
during 1932 and 1.7 pereent of those exposed during 1933 were parn-
sitized by this species. At Nagano it attacked 6.7 and 1.5 percent,
respectively, of the cocoons exposed during the 2 seasons, nnd at
Obulcure it parasitized 0.5 pereent of the cocoons exposed during 1932,
This FEphialtes was reared only as a primary parasite of the oriental
fruit moth and in every instance the adult parasite emerged from the
pupel stage of the host. The fact that all the 99 individuals reared
were males suggests the possibility that Grapholithe molesta may not
be a suitable host of this parnsite.
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Erivnys cuyciNsvorkiLag Uchida

Two females of the ichneumonid Epiurus glycinevorellee emerged
from cocoons of hibernating fruit moths collected at Ninomivg in
March 1933. This is the only information available with regard to the
occurrence of this species as a parasite of Grapholithe molesta.

Ertunus vesrearius (Rats)

One femeole of Epiurus vesicarius emerged st Meorestown from a
shipment, of parasite cocoons identified as those of Aenoplex sp., reared
from cocoons of hibernating fruit moths collected in the quince district
near Lake Suws in 1933. This is the only instsnce in which this
parasito was reared, and it is suspected that She single individual may
have emerged as a secondary parasite from an Aenopler cocoon.

? HesmiTenes BicononrintTs (iruv.

Cushman tentatively identified certain ichnoumonid speclinens rearsd
in small numbers from cocoons of Grapholitha molesta collected in
Honshu as Hemiteles bicolorinus Grav. These specimens were reared
from 9.7 percent of the cocoons of hibernating fruit moths collected in
February 1932, and from 8.3 percent of those collected in March 1933
at Ninomiya. Others were reared from 1.2 percent of the fruit moth
cocoons collected at Shimosuwa-cho in August 1933. The host rela-
ttonship could not be determined definitely for specimens reared from
Ninomiys, but both of the two specimens reared from Shimosuwa-cho
emerged as secondary parasites from cocoons of Aenopler sp.  Four-

teen Individuals, identified, with & query, as H. bicolorinus were reared
and all were females. )

? Hemrrenss rrievennes Grav.

Other ichneumonid specimens, tentatively ideutified as Ifemiteles
pulchellus Grav., were more widely distributed as parasites of Grapho-
litha moleste and were reared from Honshu and Chosen. Thesa
specumens were reared, however, only from fruit moth cocoons in
corrugated-paper strips pinned to trees. They attacked cocoons
exposed ot Mifsuoka-mura, Nagano, Obukuro, Komazawa, Moto-
sumiyoshi, Olurayama, and Tsunashina in Honshu; and at Heitakuy,
Keijo, and Suigen in Chosen. At Suigen, 1.7 percent of all cocoons
exposed during 1933 were parasitized by this species. but less than 1
percent of all cocoons exposed at ench of the other localities were
parasitized by it.

Hemiteles pulchellus was reared both as 2 primery and as a secondary
parasite from cocoons of the oriental fruit moth. It emerged as s
primary parasite from 47.5 percent and as & secondary from 52.5
percent of the hosts attacked by it in the field. From Japan it was
reared only as a primary parasite, but in Chosen it was found as a
primary parassite of the fruit moth and slso as & secondary parasite
from cocoons of Jnareolate molesige and Pristomerus vulnerator. In
laboratory tests, females of H. pulchellus were observed to attack
cocoons of 1. melestae, first paralyzing the larvae and then depositing
eggs externally upon them. When oriental fruit moth pupae and
cocoons of 7. molestae were equally accessible in small cages, females of
H. puichellus showed a preference for attacking the Jnareolata cocoons.
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As a primary parasite, the larva developed as an ectoparasite, some-
times from the mature larva and at other times from the pupa of the
host, the thin and transparent but strong cocoon of the parasite being
formed within the fruit moth cocoon beside the remains of the host.
WWhen reared as a secondary parasite, the cocoon of the primary species
served as the cocoon of H. pulchellus. Of 80 adults reared from hosts
parasitized in the field, 88.8 percent were femsles.

HeaTeLESs spp.

Two undetermined species of Hemiteles were rearsd from cocoons of
the oriental fruit moth, both being recorded only from cocoons in
corrugated-paper strips pinned to trees in 1933. For convenience
these are designated as Hemileles A and Hemateles B.

Hemiteles A was reared only from Mitsuoka-mnurs, where it parasit-
ized less than 1 percent of all fruit moth cocoons exposed, although this
parasite was active during practically the entire period of exposure,
July 28 to September ¢, inclusive. ‘This species was reared only as a
primary parasite and, insofar as could bs determined from examination
of available host remains, it developed only from the pupsl stage of
the host. Females predominated. 13 (81.3 percent) of the 16 speci-
mens reared from hosts parasitized in the field being of that sex.

Hemiteles B was reared from Mitsuoka-mura and Okurayame in
Honshu and from Suigen in Chosen. Less than 1 percent of all
cocoons expossd at each of those localities was parasitized by this
species, At Mitsuoka-mura it was active at least throughout the
entire month of Auerust, at Oluravams 1t was active only during the
middle of August. although encoons were exposed almost continuously
from June 1 to August 23, and at Suigen this species appeared only
after August 20, although cocoons were exposed from July 13 to
August 28.  In.Japan Hemiteles B was reared only as & primary para-
site from both the mature larval and pupal stages of the fruit moth.
Only 2 specimens were reared from Chosen and both emerged as
secondary parasites from cocoons of Tnareolata molestae. Of 24 adults
reared, 91.7 percent were females, the only males heing the 2 specimens
that emerged as secondary parasites.

HERFESTOMTS D,

_Two males, identified as [Terpestorus sp., emerged as primary para-
sites from pupae of Grapholithe melesta colleeted in August 1933 from
trap bands at Shimosuwa-cho, Honshu,

Tactints n. sp.

An ichneumonid identified by Cushman as s new species of Ischnus
ocewrs in Honshu and Chosen ns a parasite of cocoons of the oriental
fruit motk, It was chiefly reared from cocoons in corrugated-paper
strips pinned to trees, but occasionally oceurred in those taken from
trap bands. This parasite was reaved from Mitsuoka-mura, Nagano,
and Sugano in Honshu; and from Sosha, and Suigen in Chosen. It
occurred most abundantly at Mitsuoka-mura, where it parasitized 3.1
percent of all cocoons in corrugated-paper strips pinned to trees in
1933 and was active at least throughout all of August. It was taken
anly oceasionally and in small numbers [rom the other localities.
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From cocoons parssitized in the field this species of Jschnus was
reared only as a primary parasite of the pupal stage of Grapholitha
molesta. The whiie, semitransparent cocoon was usually constructed
within the pupal shell of the host which, being smaller than the con-
talned parasite cocoon, became greatly distended and broken. In
laboratory tests this parasite was observed to attack cocoons of
Inareolaic molestae and also fruit moth pupse previcusly parssitized
by Phasogenes haeussleri. The females of this new species of Zschnas
punctured the cocoons or hosts of the primary parasites with their
ovipositors, thereby causing the death, in almost every instance, of
the parasite larvae or pupae within. It was not, however, success-
fully reared as s hyperparasite. Males of this species outnumbered the
females, only 31.5 percent of 146 individuals reared from fruit moth
cocoons parasitized in the field being females. The parasite hiber-
nates as s mature larva within the pupa of the oriental {ruit moth.

Iscuxus sp.

One female and one male of an undetermined species of Jschnys were
reared as primary parasites of fruit moth pupse within cocoons in
corrugated-paper strips pinned to trees at Mitsuoka-murs in August
1933. The cocoon of this parasite is similar to that of Jsehnus n. sp.
and is similarly constructed within the pupal shell of the host.

IrorLEcTis ErivoTiaE Uchida

Ttoplectis epinotiae is a frequent parasite of oriental fruit moth
cocoons in several Prefectures in Honshu and also occurs in Chosen.
“chida (14) records this species from Sapporo, Hokkaids, and men-
tions it as & parasite of Epinotia dimiona Guen. It was reared most
frequently as a parasite of fruit moth cocoons in enrrugated-paper
strips pinned to trees, but was also taken in cocoons of the summer
generzations collected from trap bands and from bark. The localities
from which this parssite was reared and the percentage of all fruis
moth cocoons found to be attacked by it in collections made from each
locality are indicated below:

Honshu: fﬂ@iﬁi‘

Nagano: qierasitized
Kamisuwa______ .
Mitsuoka-moura
Nagano
Nekasu
Shimosuwea-eho_ _ ___ .
Toyoda-mura

Saitama:
Obukuro

Eonshu—Continued. }:; Eii’ééi‘i‘
Tokyo: purasitized
Komazawa 0.1
Yoga_____.. ..._.... 4.3
Kanagawa:
Motosumivoshi 59
Takatsu_____......_ . 85
Tsunashia .7
Chosen:
Keikido:
Suigen

Jtoplectis epinotiace was reared from 1,260 fruit moth cocoons that

were parasitized in the field during 1932 and 1933 and in every instance
1t occurred only &s a primary parasite. In laboratory tests, however,
females of this species were observed to sttack cocoons of Inareolata

molesiae and Apanteles sp.  Although no eggs of 1. epinotice were found
in such coeoons, nor was the species resred as a hyperparasite, mortal-
ity of the primary parasites resulted in most instances. The Ttoplec-
tis females were frequently observed feeding upon the exudation from
ovipositor punctures made in Tnareolata cocoons.
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Ttoplectis epinotine was usually reared from the pupal stage of the
fruit moth, but it also developed occasionslly from the mature larva
of that host. The adult parasite emerged from the pupeal shell of the
host or from the body of the mature host larva, depending upon the
stage in which the host was parasitized. This species hibernated,
under laboratory conditions, as a mature parasite larva within the
pupal stage of fruit moths parasitized in the field. The sexes were
produced in about equal proportions, 49.5 percent of 1,135 adults
reared from fruit moth cocoons parasitized in the field during 1932 and
1933 being females.

PuarocESEs Hakvssntnrt (Uehida)

The name Phaeogenes hacussleri was proposed by Uchida (15) for a
species of Phaeogenes reared {rom cocoons of Grapholitha molesta in
Japan and previously identified by him (14) as P. japonicus Ashmead.
So far as known, this parasite occurs only in Japan. It was reared by
the writer as a parasite of the oriental fruit moth from each of the
Prefectures i Japan that were scouted for parasites that attack the
cocoon stage of that host, namely, Nagano, Saitama, Chiba, Tokyo,
Kanagawa, Shizuoks, and Okayama in Honshu, and Kagawa in Shi-
koku. Tlchida records it as having been taken by others from the
island of Hokkaido, from Aomori Prefecture in Honshu, and from
FKumameto Prefecture m Kyushu, the host from which it was reared
m Aomoti also heing . mofesta.  Adults of this species were also col-
lected by the writer and his assistants in considerable numbers during
the fall of 1933 from sweetpotato fields at Chigasaki, Kanagawa, and
at Aliho, Shizuoka. The localities from which P. haeusslerd was
reared as a parasite of G smolesta during the course of these investiga-
tions and the percentage of all fruit moth cocoons parasitized by it at
exch locality are as follows:

Hanshu: ff:ﬂimﬂt Honshu—=Continued i’fiii"oi?,‘

Xaganc: paragitized Ka.nagawa—Continued. pargsitized
Kamisuwa_._______. Db Noborito_____..___.__ 3.1
Mitsuoka-mura__ .. __ .3 Okuravama. ... ... 7. 4
Negano_ ... __.___ 1.6 Takatsu.. . _____ 2.5

Saitama: Tsunashima_ _____..__ 1.2
Obukure_ ____________ 5.7 Shie-oka:

{hiba: Clitsn_ oL __._ 67
Sugano._ . o __o_____ 6.0 HOEO e 3.3

Tokvo: Okayama
Komasawn______.____ a4 Mantomi-mura_______. 4
Todoroki. __.._...._.. 6.6 Nishivama-mura. ... .4
Yoes_ .. ___.___.____. 1. 91 Shikoku:

Kanagawa: Kagawa:
AMotosumiyoshi__ _____ 6.5 Fota-muri. oo e eee o .3
Ninomivae.___________ 1.0

Phaeogenes haeusslert was of some importance as a parasite of fruit
moth cocoons at most localities from which it was reared in the Pre-
fectures of Saitama, Chiba, Tokyo, Kanagawa, and Shizuoka. It was
of less importance in Nagano Prefecture and was of deeidedly minor
importance in the south of Japan in the Prefectures of Okayama and
Kagawa. In Kanagawsa, where comparable records were obtained
from several localities for both years, parasitization by this species
showed a considerable decrease in 1933 from that of the previous year.

This species was reared only as a primary parasite from 588 cocoons
of the oriental fruit moth parasitized by it in the field during both
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vears. In laboratory Llests at Yokohama, females showed ne inclima-
tlon to atback cocoons of Inareolate molestae ar Bassus diversus. In
tts general habiis and development Phaeogenes haeussleri was found to
be suunilar to P. nigridens Wesm., a European parvasite of the Europeun
corn borer (Pyrausta nubilalis (Hbn.)}; the biology of the latter par-
asite has been described m detail by bmll,h {(IN. P. haevsslert is
solitary internal parasite and atlacks only the pupal stage of Grapho-
lithe molesta, the ouly host from which 1t was reared m Japan. The
fact that adulis of this speeies occur in considerable nmumbers, hiow-
ever, during the fall in sweetpotato fields i Japan, located in sec-
tions where peach and cther food plants of the oviental fruit moth are
scaree, indicates the probability of there being other hosts of (his
parasite.  This species hibernates in the adult s(‘we, apparently only
the females surviving the winter.

Thres <'0n:,1rrmnonts of Phacogenes hoeuselert were forwarded to
Moorestown during: 1933. The first shipment, comprising 16 aduits,
of which 8§ were females reared from [ruit moth pupae parusitized in
the field in the middle of the summer, reached Moorestown with no
mortality. From the second shipinent, which contaimed 280 pupae of
this parasite bred in the laboratory at Yokohama during the early part
of August, 180 adults weore reared at Moorestown, the mmtahu being
30.8 pement Norecord was kept of the number of females reared
from this consignment. The third shipment consisted of 373 female
parasites collected as adults from sweebpotato fields in Japan late in
Qctober and early in November. Trom these, 256 females were avail-
able for use at Moorestown after winter storage, the mortality during
traunsit and storage being 31.4 pereent. All *:.lnpmentt; of P. haeusslers

during 1933 pm\]dcd n total of 452 parasites, of which at least 204
were feniales.

Prarocenes sp.

One female of an undetermined species of IPhacogenes was reared
as g primary parasite from a fruit moth pupa in 2 cocoon exposed at
Motosumiyoshi in July 1932.  Grapholitha molesta is probably not a
common host of this species, as thiz was its only oecurrence in over
1,800 fruit moth cocoons reared from that locality.

BeiLocry prTs gitarnonitnas Uehida

An ichneumonid described by Uchida (14) as Spilocryptus grapho-
lithae was reared chiefly from the cocoons of Grapholithe mulestn in
corrugated-paper strips pinned to trees but was also taken occesionally
from cocoons collected under trap bands and from hibernating cocoons
collected from bark. This parasite was present in Mitsuoka-mura,
Nagano, Obukure, Komszaws, Yogn, Motosumiyoshi, Ninomiya,
Okurayame, Takatsy, Tsunashima. Okitsu, and Mantomi-mura, in
Honshu; and in Suigen, Chosen. Tt was reared from 1. 9 percent of
the hibernating cocoons collected at Ninomiya in 1933, from 2.9
percent of the cocoons collected frem trap bands at Okitsu in 1932,
from 1.1 and 1.8 percent of the cocoons pinned to trees at Komazaws
and Okurayama, respectively, in 1932, and from 2.0 and 3.3 percent
of the cocoons pinned to trees at Mitsuoka-mura and Nagano, respec-
tively, in 1933, Less than 1 percent of all cocoons reared from any
of the other localities was parasitized by this species.
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Spilocryptus grapholithae was reared only as a primary parasite
from cocoons of the oriental fruit moth parasitized in the field. In
laboratory tests this parasite readily attacked each of 10 Inarcolute
molestae cocoons exposed to it. Although S. grapholithae failed to
develop from that host, the larvae and pupae of Inareolata were killed
In every instance as a result of its attack. Upon dissection of Jnare-
olata cocoons that had been attacked by it, Spiloeryptus larvae wore
observed in 2 instances feeding as ectoparasites upon pupae of [,
molestae.

Spilocrypius grapholithae was most frequently reared from the pupal
stage of the fruit moth, and the adult parasite emerged from 2 silky
white cocoon constructed within the distended and usually broken
pupal shell of the host. It also developed oceastonally from the mature
larva of the liost, in which case the parasite cocoon occupied almost
the entire fruit moth cocoon into one end of which the host remains
were crowiled. Males of S. grapholithae greatly outnumbered tiwe
females, only 9.5 percent of 200 adults reared during the 2 years from
fruit moth cocoons parasitized in the field being females. No attempt
was made to breed this parasite from the fruit moth under laboratory
conlitions.

Disracnys cavos {Walk.y

Dibrachys carus was reared as g parasite of oriental fruit moth
cocoons tn Kamisuwa, Mitsuoka-mura, Nagano, Nakasu, Shimosuwa-
cho. Toyodo-mura, and Ninomiya in Honshu; and in Ensenri, Heitalcu,
Keijo, and Suigen in Chosen. . cucus emerged from cocoons of
hibernating fruit ruoths as well as from those of the summer genera-
tions collected from trap bands and in corrugated-paper strips pinned
to trees. Parasitization by this species In no instance exceeded 5
pereent of all coecons reared from any locality from which adequate
samples were obtained and wns usually between | and 3 percent.

This species occurred chiefly as a primary parasite of the mature
larvae and pupac of Grapholitha molestu. It was also vearcd us o
secondary parasite from cocoons of cenoplex sp., Apanteles sp.,
Inareolata molestae, Macroeentrus thoracicus, Orgilus longiceps, Phun-
erofoma grapholithae, and Pristomerus vudnerator. and fromn a puparium
of Itodia sp., all which were attacked by it under field corndlitions.
So far as could be determined from examination of the host remains,
Dibrachys carus was reared as a secondary parasite from 12.3 percent
of 316 parasitized lLosts colleeted from the field during the 2 vears.

From 1 to 24 adults of Dibrachys carus emerged from a single host,
the average emergence from 298 hosts from which it was reared cither
as o primary or sccondary parasite being 5.2 adults. No record was
kept of the proportion of sexes produced, but adults of both sexes
were frequently observed to emerge from the same host.

SYNTOMOSPILYRUM §p.

An undetermined species of Synlomosphyrum was reared from
Honshu as an occasional primary parasite of the pupae of Grapho-
litha moleste and more frequently from Chosen as a secondary para-
site from cocoons of Inarevlafa molestae and Pristomerus vulneraior.,
It emerged as a secondary parasite from 95.7 percent of the 46 hosts
attacked by it in the 2 countries. The fact that 1t was not renred
as a primary parasite from Chosen, where the cocoons exposed con-
tained normal fruit moihs as well as those previously attacked by
Inrval parasites, indicates that it is by preference a secondary parnsite.
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Synlomosphyrum sp. was reared from Sugano and Motosumiyoshi
in Howshu; and from Anyo, Keijo, Sosha, and Suigen in Chosen. It
was most abundant at Anyo, where it was reared as o hyperparasite
[rom 9.7 pereent of 207 cocoons in corrugated-paper strips pinned to
trees in 1933, and at Sosha where it similarly attacked 1.1 percent of
807 cocoons exposed during the same senson. Parasitization by this
species at each of the other localities was considerably less than 1
pereent.

From 1 te 21, or an average of 10.6, adults of Syntomosphyrum sp.
emerged from each of the 46 cocoons that were parasitized by this
species. It is an internal parasite and the adults emerge through ore
or more small holes chewed through the cocoon or pupal case of the
host.  The majority of the adults produced were females.

TeTRASTICHUS 1A8ENT Gir,

A\ miute chaleid {Tetrastichus ibseni) is very common parasite of
fruit moth cocoons in Japan and Chosen. It was found to oceur at
nearly all loealities that were scouted for parasites that attack stages
of the fruit moth within the cocoon. This parasite was reared chiefly
from cocoons of the summer generations collected from bands and
bark and in corrugated-paper strips pinned to trees. 7. ibseni Wit
renrcd from the following localities:

Honahu: ‘ffif,?.‘,f,‘:ﬂ‘ ?Zﬁﬂo:::&e
Nagano: parasitized | Honghu—=Caontinued. parasitized
Kamisuwa 0. Kanagawa—Continued.
Yokchama
Shizuoka:

(0=

Nakasu_._.___._ . .
Oshima-mura
Shimosuwa-cho . Togo._. ..
Saitama: Okavama:
Masubayashi Kurashiki
~ Obukure
Chiba:

4
[
. 1
.3
.3
6

18,
1

[ LR |

Nishiyama-mura
Saiden
Yokoi-mura_. ________.
Shikeku:
Kagawn;
Zota-mura._______ ..

W -y

Komazawa
Todoroki
“oga

Nanagawa: Chosen:

Motosumiyeshi. __ ..__ Keikida:

Ninomiya Anyo_______ ... ...

Neborito Heitaku

Okurayasma

Takatsy

Looo b

Buigen.. .

e 0O e e ny

12,

Tetrasticus ibsent is an internal, colonial parasite. When reared as
n primary parasite of the fruit moth the adults usually emerged from
the pupal stage of the host, although, in a few {ustances, they developed
from the mature larva of the fruit moth. In both cases the shell of the
host remained practically intact and the adult parasites emerged
threugh 1 or more holes chewed through it, usually near the anterior
end. This species was reared as a primary parasite from 97.1 percent
of 1,084 fruit moth cocoons parasitized in the fieled during both veurs
and ns n secondary perasite from only 2.9 percent of the cocoons. Tt
emerged as n secondary parasite from cocoons of the following species
of primary parasites that were nttacked by it in the field: Aenopler sp.,
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Apanleles sp., Bassus diversus, Inwreslate molestae, Macrocentrus
thoracicus, and Pristomerus vulnerator. In 1 instance 2 adults of 7.
ibseni and 1 adult of Lurytomae appendigaster Lmuged as primary
parasites from the same fruit moth pupa. From 1 to 55 adults of 7
ibseni were rearved from a single host. This parasite was observed to
hibernate as mature larvae within the pupae of Grapholitha molestu
and¢ within cocoons of B, diversus and J. molestae. In several
instances a number of the Tetrastichus adults emerged in the fall,
while the remainder hibernuted and emerged from the same host the
following spring.

PARASITIZATION OF THE VARIOUS STAGLS OF THE
ORIENTAL FRULT MOTL IN JAPAN AND CHOSEN

ParasiTizarioNn ofF tHE Fee

During 193" and 1933, 59 lots of fr uit moth eges were exposed at 20
loealities in 5 Prefectures in Honshu and at 1 locality in Chosen. Of
32 lots E\p{\'-;cd at 13 localities in Kanagawa Prefecture 28 were pura-
sitized by Trichogramme minulum. That parasite was reared from
pogsin 3 of 4 exposures at 4 loealities in Tokyo Prefecture, from § of 12
lots exposed at Kamisuwn, Nagano, and fmm 2 of 4 lots exposed at
Suigen, Chosen. No paramltuntmu oceurred in 1 lot of eggs exposed
at Miho, Shizuoka, or in 6 exposures ol cggs at Mantomi-mura,
len\'nnm Parasitization of fruit moth egus occurred in 69.5 percent
of the exposures and at 18 of the 21 localities surveyed.

PARASITIZATION OF THE TwWIG-INFESTING LARVAE

The records of parasitization of twig-infesting larvae are based on
the emergence obtrined from the rearing of 201 survey collections of
infested t.w1rﬂ= Of these, 184 collections were reared In 1932 and 17
were reared in 1933, The collections, as indieated in table 4, were
obtained from o total of 97 locnhtles, 75 of which are located t
Honshu, 6 in Shikoku, 7 in Kyushu, and 9 in Chosen. These ioculities
represent most of the more important peach-growing sections of those
regions,

TABLE &.— Purasitizalicn of larvae af the oriental fruil moth reared from infested
twigs collecled from each of three islands af Jupan and from Chosen during 1932
and 1933

Latvae parasitized

Manth and yeor colleetsd

Lecol- ; Collee- |__ . e e e - oo .. Avwerape Tor all
Region itics Lions ! . oollected
scontted] made 44 1933
e ]- J— e e —
May | June ! Jaly \uzu%L’S[""ﬁm June © July | 1932 Fusy

e e Ml B -

,A’umber MNumbers Perceat | Percuu! Pcn:m.t PcrctuHPcrccut Fercent fereent P(rren.r Prereeal

Hunshu. . 10 152 i f.0 - W1 T a4 @8 1.7 12,4 . 8.7 1.8
Shikoku...! a| | P 255. e RN - S R
Kyusho, .} Tt b S 46,8 © GO L. e . b+ T A 1 N ] e
Clhosen .« .. 9, 19 ... &8 e 4.3 538 ]

Totl .; 87 W1 ... ... .. e
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PARASITIZATION ON EACH ISLAND OF JAPAN AND IN CHMOSEN

A summary of the monthly parasitization of twig-infesting larvae
in the four general regions, based on the percentage of larvae parn-
sitized by all species of parasites, is also presented in table 4. A com-
parison of the parasitization in the four regions is available only for
June 1932, and for each region except Shikolu during June 1933, It
is apparent from these records that parasitization was considerably
higher in Chosen than in any of the other vegions and that it averaged
in excess of 50 percent for all collections made from there during June
of both seasons, Parasitization averaged 46.8 percent for all collec-
tions [rom Kyushu in June 1932, but averaged only 23.2 percent for all
collections obtained from that island during June 1933. The differenco
in the parasitization recorded for that island during June of the 2
vears does not necessarily indicate n decrease, since the collections in
1832 were coufined entirely to one Prefecture, whereas those in 1933
were obtained from several ather Prefectures. Parasitization in
yushu was much higher, however, than that indicated for either of
the other islands of Japan, and the hichest percentage of parasitiza-
tion recorded for any month vccurred on that island in Julv 1932
Pornsitization in Shikeku in 1932 showed a decided increase in June
over that of May, but was much lower than that recorded for the
regions previously discussed. Purasitization in Honshu was consider-
ably lower than that of any other region, and the low percentage per-
sisted throughout the entire season of 1932 and again during the 2
months for which records are available in 1933.

PARASITIZATION BY PREFECTURES

More detailed information regarding the parasitization of twie-
infesting larvae is presented in table 5. This table summarizes the
survey data for all collections reared from each Prefecture during
ench month and shows the number of localifies scouted, the total
number of individuals reared to emergence, and the percentage of all
larvae parasitized. Tt will be noted that twig-larval parssites were
reared from each of the Prelectures scouted with the singie exeeption
of Akita. In other Prefectures the average parasitization in all coliee-
tions reared during any 1 month ranged from zero to 68.6 percent,
In the 19 Prefectures scouted in Honshu average parasitization in
excess of 10 percent during 1 or more months was recorded only from
Nagano, Saitama, Tokyo, Kanagaws, and Hiroshima, In Shikeku
the average parasitization recorded for Kagawa in May and June
was lower than the corresponding averages for Saitama, but higher
than for any of the uther Profectures of Honshu, while the average for
Ehime in Junc exceeded that of any of the Prefectures of Honshu.
In Kyushu the average parasitization recorded for Fukuoka in June
and July 1932, exceeded that of any other Prefectures of Japan for the
sume months, and the average for Kumamoto in June 1033 was likewiso
the highest recorded during that vear for any Prefecture of Japan.
The monthly sverages for other Prefectures scouted on that islnd
were comparatively low. Records for the tlhree Provinees scouted in
Chosen are available only for the month of June. Tn Keikido and
Keisho Hokudo the average parasitization recorded for that month
in 1932 closely approximated the corresponding average for Fukaola,
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but in Keisho Nando the average f{or June of both years was con-

siderably higher than that of any other Province scouted.

TABLE b.—verage parasilization of larvae of the oriental fruil moth reared from
tnfesied bwigs collected each month from each Prefeciure of Japan and Chosen
during 1832 and 1933

May Jutre July August T Bepremier
Tz ,s Lz o2 5 ® o2 2.3F 2 51%3
S BiE sl B orr 1S B 1E IEo B E Zgl BB
Yourand Profecture =31 2 |E2(28) 2 [Hx 158 § |8z |3 2 1i.i53 ¢ 18e
=z 2|2 4 % |== 2z 2 =3 2 58
22 S |8 25 bl g =5| = FH |Jun] = R LR -4
wE E 1 |ed| 3 = |el 2 PojoR E = (02 215
‘2 218 i? B g2 1= 5 E k] g2 (¢ |218
E- 2 T ] .a-'t LT R - =R = |2 = |E|2
- 1}
1932 ‘o. No.| No. | Pet. | Pet.
Aomari i AT L6, E i
Akits.. . 1 B 0 . | [
Iwate. . . 1 81 1,2 -
Yamapatd. ... P _ 415,350 3.4
Miyagi-__.. . ... L 2 68| L8j.
Nigata . __...._.... ... .2 3 Hal 2.9
Fukushima_ ... ... ceneg 21 L0290 7.9
NAZARC. ccen v e n 3
Iharegd o an. o . - .-
Saitathg ... ... . 3 T
Chiba.. ... - ... 4 L3
TORYO aan = [
Yamaoashi. 2. 60} 3.6
Kanagawa. . . 13, B2 ' RN
Shizuoka ... 373,235, 29.
Osaka,. __ 1. 2781 3.2 ..
Okayams o 52,052 0.4
Hiroshima. . . .. o j-.--loea.a 41,302 1.0 -
Kegaws..... 3 as9 | 10,4,
ERIme. .ouce. - o0 con came iaeom 3! 85 26.7,
Fekpoka... .. . .... . o 3,889 7 46.8
Ketkida ... ... ... . 30082 4540
Keishe Hokuda . 2 L1882, 481
Keisho Nanto . 3 LO08? 685
1888 '
Fukushimn . i 38 O SO
. - s e - .
. 12.9 . . y ; -
PR . 34.9 . - -
Hagoshima . - L ! -
Keizha Nando... .. 52.3 14 .

COMPARATIVE IMPORTANCE OF THE VARIOUS SPECIES OF
TWIG-LARVAL PARASITES

The emergence records for all survey collections of infested twigs
reared during the 2 years are further summarized in table 6. Inareo-
late molestae was resred as the dominant parasite from 10 Prefectures,
Apanteles taragamae from 7, 2L, molestae from 3, Elodia flampalpis
and Macrocenirus thoracicus ench from 2, and Phanerotoma grapho-
lithae and Eubadizon ertensor were ench dominant in 1 Prefecture,
Average parasitization in exeess of 10 percent was recorded from 7 of
the Frefectures in which . molestae was dominant, and from 1 of
those in which A. molestee, P. grapholithue, M. thoracicus, and E.
ectensor were reared as the dominant species.




TABLE 6. Percentage parasitization of larvac of the oriental Jruit moth and number of parasiles of each species reared from infested twigs collecled
in each Prefecture of Japan and Chosen in 1932 and 1933
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PARASFTIZATION OF STaGES WiITHIN THE Cocoon

The emergence obtained from 32,139 fruit moth cocoons collected
or exposed in the field at nmwmerous localities in Japun und Chosen
during 1832 and 1933 indicates that 21.8 percent, approximately 1
out of every 5, of the cocoons were successfully parasitized by various
species ol parasites after the contained individuals had reached the
cocoon stage. There was very little vurintion in the percentage of
parasitization for cocoons handled by enck of the three methods pre-
viously deseribed. Qf 1,112 cocoons containing hibernating fruit
moths collected from bark and reared to emergence, 18.3 percent pro-
duced cocoon purasites. Cocoon parasites emerged from 18.0 per-
cent of 3,147 cocoons rears~! from trap bands and bark and from 22.4
perecnt of 27,880 cocoons in corrugated-paper strips pinned to trees.

The percentage of oriental frult moth cocoons parasitized viried
considerably at diffevent localities. At Kamisuwa, Naguno, 6.5 per-
cont of 927 wmdividusls reared {rom hibernating cocoons colleeted from
quince bark from March 235 to April 7, 1932, were parasitized.  Thivty-
four individuals veared from hibernating cocoons collected from the
bark of peach and sand pear trees at Ninomiya, Kunagawa, from
Febhruary 20 to 23, 1932, showed 86.8 percent parasitization, and
86.1 percent of those reared from 108 hibernating cocoons similarly
collected from the same loeality on Mareh 9 and 14, 1033, were
parasitized. Hibernaling eocoons were obtained [rom other localities
in numbers too small to fwnish sienificant data concerning the per-
centage of parasitization. At each loeality, however, from which
such cocoons were eolleeted from peach or sund penr Lrees, the number
parasitized exeeederd the number not parasitized.

The number of Nuit moth coenons of the sununer generations col-
lected from trap bands and bark during 1932 and 1933 from which
oither moths or parasites were reared amd the number and pereentage
of these that were parasitized by cocoon parssites at ench loenlity
from which at least 30 cocoons were reared to emergence during cither
season is shown in table 7.

Tasre T.—Number of cocoons af the ovienlal fruil moth reared to emergence, and
number and percenlage of cocoons parasiiized by cocoon parasites tn all collectims
of the summer generations, obluined from trap hands and bark of various localities

in Jupan and Chesen, diring 1932 and 1933
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In some instances & few of the larvae were attacked by twig-larval
pavasites, or cocoon parasites that developed as secondary parasites
emerged from such cocoons. In table T the number of cocoons reared
includes the total [rom which fruit moth adults, twig-larval parasites,
and etther primary or secondary cocoon parasites emerged. The per-
centage ligures given indicate the percentage of the total number of
cocoons reared from which cocoon parasites of various speeies emerged
either as primary or secondary parasites. From 5.6 to 39.5 percent
of the cocoons collected from bands and bark at these loealities were
attacked by parnsites of the cocoon stage.  Although it is not shown
in the table, the records for comparative colleetions of cocoons obe
tained from quince trees at the four localities in Nagano Prefecture
during August 1933 show that 19.3 percent of the cocoons obtained
from bark were parssitized, as corapared to 5.3 percent of those
obtained from bands.

Stnilar records are shown in tuble 8 of the pereentage of individuals
within cocoons in corrugated-paper strips pinned to the trees that
were parasitized by cocoon parasites at each locality. Manv of the
fruit moth larvne In these cocoons had been attacked by twig-larval
parasites previous to the time the coccons were exposed, so the
number of cocoons rearved includes the total number from whicl orien-
tal fruit moth adults, twig-larvel parasites, and either primary or
secondary cocoon parasites emerged. From € to 78 percent of the
cocoons _exposed in corrugnted paper pinned to the trees at these
various localities were attacked by cocoon parusites.

Tavre R Nuntbrr of encouns of the oricnial feuil moth reared lo rmergence and
number and perceniage of cacoans purasitized by cocoon parasites Jram all exposures
in corruguicd-paper strips pinned o trees of various locatities in Japan and
Chosen during 1832 and 1933
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In 1933 duplieate lots of parasite-Iree insectary-reared fruit moth
cocoons were pinned to trees In adjacent peach and sand pear orchards
and exposed during the same period for purposes of comparison.
Two such exposures were located ot Okitsu, Shizuoka, and two at
Ninomiya, Kanagawa. At Okitsu 21 and 25 percent of the cocoouns
in the two exposures in peach orchards were parasitized, but no para-
sitization occurred in those exposed in pear orchards. At Ninomiya,
11 and 13 percent of the cocoons exposed on peach trees were parn-
sitized, as compared to 3 and ¢ percent parasitization of respective
exposures on pear trees. A summarization of the rearings from all
comparable exposures at botl: localities showed 15.9-percent para-
sitization of cocoons exposed on peach trees and only 3.4-percent
parasitization of those exposed on pear trees. ‘This indicated that
parnsites that attack stages of the fruit moth within the cocoon were
apparently preseut in ]awer numbers in peach orchards than in sand
pear orchards, The rearings further indicated that the apparent
preference for the type of ‘tree is commeon to eocoon pirasites in
general rather than fo individual species, as three of the four species
of Ignrn]mtes reared at Ninomiys oceurred in both peach and sand pear
orchards

Tasve 9.—Relation of the location of vriental fruil motl cocoons on various perts of
peach trees to allack by cocoon parasiles

[ ——
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In o series of exposures made at four loculities in Kanngawa Prefec-
ture In 1933 an attempt was made to determine the relation of the
location of the fruit moth eocoon upon various parts of the tree to
attack by cocoon parasites. In this experiment similar lots of para-
site-free fruit moth larvae cocooned in corrugated-paper strips were
pinned to the trunks of peach trees within 1 foot of the ground, to the
larger branches about midway between the trunk and the terminal
t\nn's, and nt the base of the terminal twigs in close proximity to the
foliage. The rearing records [or this e\ponment are presented in
table 9. The results indiente that eocoons located on the trunk and
larger branches were generally mueh more subject to attack by para-
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sites than those located near the terminal twigs, They also show (hat
cocoons located in certain parts of the trees wers Inore subject to
attack by certain species of parasites than were those in other locations.
For example, Phaeogenes haeussleri was reared in greater numbers at
two localities from cocoous located on the branches and near the
terminals, Tetrastichus thseni was reared most frequently at all loeali-
ties from cocoons located on the trunk snd larger branches, and
Brachymeria excarinaia attacked chiefly those coconns located on the
trunk and near the terminal twigs.

ExreExT AXD IMPORTANCE OF SECONDARY PARASITISMN

Considerable information concerning the activity of secondary para-
sites was acquired in connection with the survey of parasites attacking
stages of the oriental fruit moth within the cocoon. Of 7,021 hosts
from which cocoon parasites of various species were reared, 82.0
percent were attacked by primary parasites, 16.3 percent were at-
tacked by secondary parasites, and the parasite-host relationship of
the remaming 1.7 percent could not be determined definitely. In the
majority of cases it was possible to determine, by careful examination
of the host remains, whether the secondaries had developed from twig-
larval parasites or {rom primary cocoon parasites. Of the secondary
parasites reared from 1,083 such hosts, 97.3 percent emerged from the
cocoons of twig-larval parasites and only 2.7 percent emerged from
those of primary eocoon parasites.

Insofar as could be determined, very few of the parasites reared
from field-collected cocoons of hibernating fruit moth larvae were
sccondary parasites. Only 1.9 percent of the 108 parasitized hosls
hibernating in cocoons collected from February to April 1932 showed
evidence of secondary parasitism, and this wns by a single species,
Dibrachys carus. Primary cocoon parasites emerged from 54.0
percent of the parasitized cocoons, and in the remaining 43.5 percent
of the cases it was impossible to determine whether the cocoon para-
sites issued as primary or secondary parasites. None of the 110
parasitized hosts hibernating in cocoons collected in March 1933
showed evicdence of attack by secondary parasites, but in 33.6 perceut
of the cases it could not be determined definitely whether the cocoon
parasites issued as primary or secondary parasites. No evidence was
found te indicate that the hosts hibernating within eocoons collected
in the 2 years hac heen attacked by twig-larval parasites.

Only 1 percent of 205 parasitized hosts reared from fruit moth
cocoons of the summer generations rolleeted from trap bands and
from bark during 1932 showed evidence of secondary parasitism,
and that was by one species, Calliceras n. sp.  The host remains
failed to indicate whether these emereed from twig-larval or primary
cocoon parasites. The host relationship of cocoon parasites reared
from 16.1 percent of the hosts could not be determined. Twig-larval
parasites were present in the colleetions as evidenced by the fact that
specimens of 3 species emerged from 10,7 percent of the parasitized
hosts.

In 1933 § species (Calliceras 1. sp., Dibrachys cavus, FEupelmus
formosae, Furyloma appendigaster, Hallichelle w. sp., Hemiteles bicolor-
wnus, Syntomosphyrum sp., and Tetrastichus 1bsent) emerged as second-
ary parasites from 16 percent of 639 parasitized hosts collected from
trap bands and bark. Of the secondaries, $0.4 percent emerged
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from the cocoons of twig-larval parasites, 15.7 percent from primuwry
cocoon parasites, and the hosts of the remaining 3.9 percent could not
be definitely determined. Seven species of twig-larval parasites were
reared from 40.2 perceni of the parasitized fruit moth coeoons, indi-
cating that twig-larval parasites were over three times as abundant
in these coliections as in those of 1932,

All but a few of the cocoons in corrugated-paper strips exposed by
pinning them to the trees in 1932 conteined insectary-bred fruit moth
larvae [ree of twig-larval paresites and very little evidence of secondary
purasitistn was obtained from thesc exposures. Only 0.4 perceut of
1,277 parasitized hosts reared from the cocoons appeared to have
been attacked by secondary parasites, and these by 3 species (Fury-
toma appendigaster, Tetrastichus ibseni, and Calliceras n. sp.} all of
which emerged from cocoouns of undetermined species of primary
parasites, Two species of twig-larval parasites emerged from 0.5
percent of the parasitized hosts.

The records of secondary parasitism obtained by exposing cocoons
i1 the same manner in 1933, when all but & few of the cocoons exposed
contained field-collected fruit moth larvae originafing from the sune
or from locelities near to that »: which exposed, and which had pre-
viausly been aceessible to attack . . twig-larval parasites, corresponded
very closelv with those obtained from the rearing of cocoons collected
from teap bands and bark during the same season. Eleven species
(Furigoma appendigaster, Dibrachys cavus, Tetrastichus thseni, Fuelti-
chelle n. sp., Hemiteles pulchellus, Eupelmus formosae Hemiteler sp.,
Calliceras n. sp., Celliceras sp., Syntomosphyrum sp., and Plewrotropis
neaeit) emerged as secondary parasites from 14.3 percent ol 7,246
parasitized hosts recoverad from cocoons exposed. Of the seconudaries,
93.5 percent emerged from the cocoons of twig-lurval parnsites, 1.2
percent from Lhose of primary cocoon parasites, and the hosts of the
remaining 5.3 percenl could not be definitely determined. TFifteen
species of Lwig-larval parasites were reared from 31.4 percent of the
parasitized fruit moth cocoons.

When the records for the cocoons containing larvae that originated
in Japun and were exposed at various localities there in 1933 were
compared with those for cocoons that originaled and were exposed
in Chosen, it was found that secondary parasitization was consider-
ably higher in Chosen, where a mueh grester proportion of the cocoons
exposed contained larvae that had previously been attacked by twig-
larval parasites. The 11 species listed above emerged ns secondary
parasites from 1.2 percent of 4,369 parasitized hosts in Japan, and 15
speeies of twig-larval parasites emerged from 12.7 percent of the
hosts. In Chosen 8 species, including all those listed above except
Calliceras sp. and Pleurotropis nawadi, emerged as secondary parasifes
{rom 34.2 percent of 2,877 parasitized hosts and 5 species of twig-luval
parasites emerged from 59.8 percent of the hosts.  Of those reared as
secondary parasites from Japan, 56.6 percent attacked twig-lnrval
parasites, 18.9 percent attacked primary coeoon parasites, and the
host of 24.5 percent could not be definitely determined. Of those
reared s secondary parasites from Chosen, 95.4 percent attacked
twig-larval porasites, 0.3 percent attacked primary eocoon parasites,
and the host of 4.3 percent could not be determined.

From the data obtained it is apparent that secondary parasites are
of importance in relation to the biological control of thie oriental fruit
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moth, in that they destroy considerable numbers of twig-larval
parasites by attackimg them while the parasitized fruit moth larvs is
In the cocoon stage. The effect of secondary parasites upon primary
cocoon parssites appears to be of considerably less importance.

COLLECTION, REARING, AND SHIPMENT OF ORIENTAL
FRUIT MOTH PARASITES

F1ELD-PaRASITIZED LARVAE OF THE FRUIT MOTH FROM INFESTED Twics

A summary of the number of infested peach twigs collected from
Japan and Chosen from May 16 to June 30, 1933, as & source of
parasibized oriental fruit moth larvae for exportation to the United
States and the number and pereentage of larvae reared $0 the cocoon
stage at Yokohama from twigs that originated i each country is
given in table 10.

TABLE 10.—Summary of infested tuigs collected and Jruit woth larvae reared there-
from to the cocoun stage at Yokohama, 1958

[ [

. Tnfested |

Country of crigin twigs ol Lervae reared
lected

Number | N Percent
313,608 5 49. 4
60.8

.. 38R, 836 . a7

Two general methods were used in the mass collection of these in-
fested twigs from 25 selected localities in the 2 countries. The majority
were collected by day labor hired locally to collect the infested twigs
and trim off the foliage under the supervision of & local foreman who
also handled the packiug and forwarding of the twigs to Yokohama.
Each collector was required to include 10 wninfested twigs with each
50 infested ones as a source of additional food for the larvae, These
were not included in the count of infested twigs collected. Collectors
in the south of Japan, in the Prefectures of Okayama, Kagawa, and
Fukuoka, averaged 376 per day for the entire period. In Chosen the
collectors averaged 388 twigs per day for the entire period. In Japan
approximately 37 percent miore per day were collected in June than
in other months, but in Chosen there was only slight variation in the
average for each month. Tn the south of Japan infested twigs were
obtained by this method at the rate of 258 per yen, and in Chosen they
were obtained at the rate of 310 per yen. A yen, at that time, was
equivalent to approximately 25 cents. Comparative figures are not
available for collections made in other sentions of Japan.

During the latter part of June, when the twig infestation became
particularly abundant at 2 Jocalities in the south of Japan, local resi-
cdents were shown the type of twigs desired and an offer was made to
purchase all brought in over a given period of time. At Mantomi-
mura, Okayama, the offer was made to school children, who collected
49,265 twigs in 4 days, and these were purchased at the rate of 500 for
I yen. As had been anticipated, approximately 21 percent of these
twigs were unsatisfactory and were discarded at the time the twigs
were packed for forwarding to Yokohama. The loss, however, was
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compensated for by the low price paid. An average of 305 satis-
factory twigs, trimmed of folinge, were obtained per yen; but a few
complainés were received from growers of minor damage to trees
caused by the young collectors. It appears probable that this
method could be improved upon and that the purchase of infested
twigs collected by sehool children could be used to advantage for
procuring large numbers of twigs from a particular locality in Japan
m a sbort period of time. Uninfested twigs for use as additional food
for the larvae were purchased from the children at the vate of 1,060
trimmed twvigs per 1 yen.

At Osada, Oita, o similar collection was made, the collected and
trimmed twigs bemg purchased at that loeality from the owners of
the orchards at the rate of 333 for 1 yen. These collectors supplied
10 uninfested twigs gratis with cach 50 infested ones. There was
practically noe waste due to the collection of unsatisfactory twigs, as
the growers were anxious to rid their orchards of the fruit moth larvae
and, of course, no complaints of damage were received. This method
appears to be quite satisfactory, provided the collection is not desired
at a time when the orchardists are busy with other worle. The pur-
chase system involves, however, the employment of at least two ex-
perienced assistants at the receiving point to handle the examination,
purchase, and packing of the larze quantities of twigs received in a
short periad.

Twigs obtained hy all methods were packed in shipping cans such
as were deseribed on page 6 and were forwarded to Yolkohama as
promptly as possible by special express. A6 the Yokolhama leboratory
the twigs were placed in galvanized-metol pans 11 inches in dinmeter
by S inches in height, the interior heing enameled white. Approxi-
mately 300 twigs were placed in each pan, only those collected from
Japan and Chosen being handled separately. Strips of corrugated
paper, 10 mm. in width, were held against the inside of each pan and
about 1 inch below the rim by 4 wire hooks attached to the rim.
These furnished temporary cocooning quarters for the larvae as they
became mature and left the twigs. The individual corrugations were
sufficiently small to aceommodate usually only 1 full-grown fruit
moth larva, and the paper used was selected because of the ense with
which the 2 layers could be torn apart in order to dislodge larvae that
had begun to construct cocoons. The rearing pan was covered by
cheesecloth held tightly in plece by a strong rubber band. The
mature fruit moth larvac were removed from each pan once every 24
hours and placed temporarily in small cloth-covered glass jars.
Those that had begun o construct cocoons in the cerrugated-paper
strips were removed by ripping apart the 2 layers of paper, and these
were also placed in the small giass jars.

The manipulation thus far described was accomplished almost
entirely by unskilled labor under supervision, but from this stage on
the material was handled entirely by the writer and trained assistants.
The fruit moth larvae were next shaken from the jars onto a table
covered with white oilcioth, at a point midway between o strong
electric light and the operator. As the active larvae crawled awny
from the light and toward the operator they were veadily inspected
to eliminate any undesirable inclusions, counted, picked up by means
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of a small camel’s-hair brush, and returned to & glass jar containing
a corrugated-paper pack, in which they were allowed to construct
permanent cocoons for shipment. These packs, which could ac-
commodate a maximum of 500 larvae, were held at laboratory room
temperature for 24 hours to allow formation of strong cocoons and
thereafter were confined, pending shipment, in an ordinary ice re-
frigerator maintained at temperatures of {from 45° to 62° F.

For shipment to the United States the packs containing fruit moth
cocoons were placed in small wooden boxes (fig. 3, A), which in turn
were packed In wooden cases {fiz. 3, B). A thick layer of moist
sterile cotton between sheets of corrugated paper completely sur-
rounded the inner boxes and served as insulation against sudden
changes of temperature as well as furnishing humidity for the cocooned
larvae. All shipments that contained host material were placed in
conl storage at temperatures of about 35° to 42° F. aboard vessels
at Yokohama and routed to New York via Panama® the time in
transit between those ports being 32 days for each shiipment.,

Parastte Cocoons, PUPARIA, AND ADULTS

Cocoons, puparia, and adults of the various species of parasites
were obtained for export by rearing collections of larvae of the ortental
fruit moth that had been parasitized in the field, from breeding con-
dueted in the laboratory at Yokohama, and by utilizing surplus stocks
of adult parasites that were aceumulated in connection with parasite-
survey studies. All consignments that were free of host materinl
were packed and insulated in & manner similar to that just described,
placed in cool storage at temperatures of about 33° to 42° F. aboare|
vessels at Yokohama, and routed to Seattle. Immediately upon
arrival at that port they were transshipped® to trans-continental
airplanes and forwearded without cool storage to Mloorestown, the
minimum and maximum time in transit for all such shipments being 11
and 13 days, respectively.

SUMMARY OF PARASITE MATERIAL SHIPPED AND NUMBER OF ApuLT
ParasiTeEs OBTAINED AT MOOGRESTOWN FROM IMPORTATIONS

A summary of the parasite material shipped from Yokohamu to
Moorestown, N. J., during 1932 and 1933 is given in table 11, and a
summary of the parssite adults obtained alive at Moorestown, N. J Y
from material listed in this table is given in table 12, the parasite
survival being indicated for material shipped in each stage of tevelop-
ment. By comparing the totals given in tables 11 and 12, it is found
that only 2.7 percent of all fruit moth larvae collected from the field
in Japan produced adult parasites at Moorestown, as compared fo
17.9 percent produced from larvae collected in Chosen. Of the adult
parasites shipped, 48.0 percent survived, and 47.6 percent of those
shipped as host-free parasite cocoons and puparia produced adults.

$ Several of these shipments required transfer to other vessels at San Frameizeo, The transfer was made
under the supervision of H. M, Armitage, collaborator in the Divlsion of Foreign Plant Quarantines of the
Buregn of Entomology and Plant Quaraniine, toavoid undue exposuretounfaverable tetmperaturesduriop
transfer am!l to insare proper storage conditions for the temainder of the voyage.

& Prompt transshipment of all consignments fram boat to airplane at Seattle wos aceomplished through
the courtesy of A. G. Webb, of the Division of Foreign Plant Quarantines,
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Fietne 3.—Method of packing field-collected larvae of the oriental fruit math
for shipment: .1, Box rontaining packs of coconned larvae: B, packing cnse,
showing insulation.

A
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TanLe 11.—Record of oriental fruit moth parasile wmalerial shipped from the Orient
to Moorestowen, N, J., during 1932 and 1933

Parasites shipped tn—

., Field-coliected |

i Host-free Insectary-
" fryit moth larvae i

: i: ;
parasites ingculated host | Total

; ;

From - From Cocoons .
Adulis or Eges

Jupan !Chosen puparia .

liymeuontern: , Number (INumber|Number] Number { Number
Ltenepler molesive . PP 3 388
< panteles spp.
Bassus diversiy. .
Culliephialies sp
(‘rcmaa:uas;;;a.-.
Tuareglabe moteslae _____ .
Evbadizon erfensor and Mucrocendres i
Mnrucr'cn.t.._...-.....,-...A.._.....,f
Phacogenes haewssleri. ... . . !
Phanerctoma graphofithee .. ... . ._.
Trichegramme minwtum ... .
Miscellnneous speeies ... .. F
Niptern
‘Tachinidae spp. ... ...
Tapidoptera:
(rrapholitha niolestas .

M54 LT L S 187, 145

i
Totrl. __... . vV usam e | 5486 ; i 198, 999
! F ¥ H

TARLE 12.-—Record of oriental fruil moth parasiles oblained alive as adulls al
Meorestown, N. 7., from all importations from the Orient during 1932 and 1933

Pargsites imparted in—

i
|
Fipld-collected Host-free Insectary-

| fruit moth larvae parasites ingoulated host ; Total

; ]
1 1

. 13 N
' From 1 From :
© Japan iChosen Adultsg Eggs ! Larvag

Hlxinenoptera: : Number P Number| Number Number| Number
Aenopler molestae. . . ., o .
Apandelesspp... .. ...
Eaeruy disersua. . . ..
Caenocryplusn.sp. ... ... e . e
Calliephiclter spp._ .. . e e chae e
Chorinaeus n.5p. Lo . ..

Cremaxtue Spp.____

Inareclata molestae.

Epiurns resecariva. .. ... . ..._.

Eubodion eziensor and Macrocenfrur
thorgefene . ... 0 ... ... ...,

Meteorur ictericus

Orpilus longiceps. .. o

Pharogenes haeuasieri -

Phaneroloma grapholithae. . .

Plectochorus iwcalensis

Trichogramma minutum .
Diptera: !
Tachinidae: . __ ____ . S . PR

69 1,674 15640 1,580 16, (R

| Extimated. X
i Probably chielly Elodia finripalpis pins o few & subfusciale and Fhorocire pumiio.



http:Catnocryplu.n.sp

60 TECHNICAL BULLETIN 728, U. & DEPT. OF AGRICULTURE

SCMMARY

Sixty-one species of parasites were reared from the oriental fruit
moth {(Grapholitha molesta (Busck)} in & survey made during 1932 and
1933 in many of the important peach-, pear-, and quince-producing
regions of Japan and Chosen.

Trichogramme minutum was the only true egg parssite reared,
although the braconid Phanerotoma grapholithae also oviposits in that
stage of the host. Eggs of thie oriental fruit moth were parasitized
nt 18 of 21 localities surveved for parasites attacking the egg stage,
Trichogramma being reared from 69.5 percent of 59 lots of eggs
oxposad.

Twenty-two species, including Phanerotoma grapholithue, were reared
as primary parasites of twig-infesting larvae. Among the braconids,
Apanteles molestae, 1. taragamae, Muacrocentrus thoracicus, and P.
grapholithae are the most widely distributed and were reared in the
lurgest numbers. Jrareolata molestae, the most impeortant and the
most widely distributed parasite of twig-infesting larvae, was approxi-
mately eight times as abundant as its closest competitor in the rear-
ings and parasitized from 45.6 to 85.6 percent of the larvae reared
from individual collections made at certain localities in the southemn
part of Japan and n the central and southern part: of Choesen.  Other
ichneumonids of fuirly wide distribution and of particular importance
in certein sections were remustus flavoorbitalis and Pristomerus
vulnerator.  FElodia fluripulpis was the only one of three tachinids that
attained any degree of importance.

Thirty-eight species were reared as parasites of oriental fruit moth
stages within the cocoon. Of these, 19 species emerged only as
primary parasites, 3 species were reaved to the adult stage as primary
parasites only although in Inboratory tests they attacked and destroyed
certain primary parasites but their progeny Iatled to mature as true
secondary parasites, 2 species were veared only as secondary parasites,
11 species were found to occur both as primary and secondary para-
sites, and the host relationship could not be determined for 3 species.

Parasitization of twig-infesiing larvae, as determined fr-m com-
parable records obtained during June of 1932 and 1933, averaged
in excess of 50 pereent for all collections made [rom Chosen, where it
was considerably higher than on any onc of the three islands scouted
in Japaon.  In Japan parasitization was highest in Kyushu, somewhat
lower n Shikoku, and comparativelr very low in Honshu, where the
low pereentage persisted throughout the entire season of 1032

Inareolata molestae was reared ns the dominant parasite from 10
Prefectures, dpanteles taragamae from 7, 4. molestae {rom 3, Elodia
Aavipalpis and Macrocenirus thoracicus eaclt from 2, and Phanerotoma
grapholithae and Fubadizon ertensor were cach dominant in 1 Prefec-
ture.

Approximately one out of every five cocoons of the oriental [ruit
moth either collected vr exposed at numerous localities throughout
Japan and Chosen in the 2 vears were successfully attacked by para-
sites. Parasitization of hibernating eocoons ranged from 8.5 to 806.8
percent, parasitization of cocoons of the summer gencratious collected
from trap bands and from bark ranged from 5.6 to 39.5 percent, and
from 0 to 78.0 percent of the cocoons in corrugated-paper strips pinned
to trees were attacked by cocoon parasites. On quince trees cocoons
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collecied from the bark were more leavily purssitized than those
obtained from trap bands. Cocoons exposed on peach trees were
more heavily parasitized than those simultaneously exposed on sand
pear trees in adjacent orchards, although the same species of parasites
were present in both types of ovchards. Cocoons located on the trunk
and lurger branches of peach trees were found to be more subject to
attacks by parasites than cocoons located near the terminal twigs.
Some species of parasites appear to attack chiefly those cocoons located
on certain parts of the trees.

Secondary parasites were found to he of importance in relation to
the biological control of the oriental fruit moth in Japan and Chosen.
Sixteen and three-tenths percent of the hosts from which parasites of
the stages within the cocoon were reared had been attacked by second-
ary parasites, 97.3 percent of which emerged from the cocoons of
twig-larval parasites. Secondary parasitism occurred chiefly in
cocoons of the summer generations and was of greatest importance in
Chosen, where the cocoons contained 2 much greater proportion of
larvae previously attacked by twig-larval purasites than those in
Japan.

Several of the more important species of parasites found to attack
the oriental fruit moth in Japan and Chosen were exported to the
United States during 1932 and 1933,
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