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Investig‘é’%%ns of the Parasites of Popillia
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INTRODUCTION

Investications of the parasites of the Japanese heetle (Popillia
japonica Newm.) were begun in the Far East in the spring of 1920, and
aceounts of these investigations from 1920 to 1928, inclusive, have
appeared in previous publications (8, 10).> This bulletin, which

t Submitted for paiblication Mareh 21, 1HQ

= Transferred to the Divisiop of Foreign Parasite Intradaetion July 1, 1587,

* Afwr rermination of the investizations in fndin in 1029, the junior nuthor was wansierred to frpan,
taking charee of investigations in that country in 195 when the seplor suthor returped to the United States,

¢ Thp apibors wish 1o adknowiedge the valuable help of R, W, Burrell, who assisted in the work in Japnn
and Chosen in the snmner of 1930 and arain in 1932, when he wos assipned to the work in 1iisse couniries;
of (. J. Havussler, who supervised the investizations in 1983 ip conjunciion with the parosite investieations
of the oriental frit moth; of K. Sato. assislant in Japsn sipee W2); of 8. Fulil spd of H. Suyiura  During
rhe course of the investizations in Japan, Chesen, Indie, and Taiwas, the writers were mrently alded by the
varlous Government offieinds of thase conntries,  The late &, 1. Kuwann, Chief of the Imperiel Quarantine
service, am bis stalf offered every {oeility for the work in Japao. The direclor and sioff of the Chosen
Agrienitural Experiment Station at Saiven, {"hosen, bave Kindty provided Inboratory favilities ench seison,
rhe director and staff of the Teiwan Asricultarsl £sperimeat rtation at Tathokd, Taiwan, kindly per-
mmited the use of the station collection for detetiminatton purpeses. The work in bpdin was nided Ly T,
Tainbrigee Fleteher, {mperinl Eatomolopist of that coutnley, and by Col. 1l Morrison, [director of ihe
Fastenr Lastitute at Ahillony, India, who provided Inborators-oquipment factlities.

5 [tafe numbers in parentheses refer o Literatnre Cited, p. 35,
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covers the work of the 5-year pericd from 1929 to 1933, inclusive, in
Japan, Chosen, India, and Taiwan {(Formosa), supplements the
previous publications and presents additional information relative to
the parasites previously listed, as well as accounts of other species
found attacking the genus Popillia. In addition, investigations were
made on the parasites of Anomalae orientalis Wa terh., Autoserica
castanee (Arrow), and Serica peregrina Chapin,® three additional
beetles which have become established in the northesstorn part of the
United States in recent years.

The work in Japan, Chosen, and Taiwan was carriad on in & manner
similar to that of previous years, and consisted of collecting and rear-
ing parasites of Popillia and related Scarabacidac and shipping these
to the United States, together with further studies on the ficld abun.
dance and distribution of these parnsites. The investigations in
India, which centered at Shillong, Khasi Hills, Assam Provinee, were
continued along lines previously described, and consistod of collecting,
rearing, and shipping parasites of Popillic. At the end of 1929 thoe
work in thaf country was terminated,

No investigations have been carried on in China since 1926, when
the work in that country was terminated owing to the unscttled
political conditions.

THE PARASITES OF POPILLIA JAPONICA AND THEIR
BIOLOGIES

During the period 1928-33 investigations were made in Jnpan,
Chosen, Chinn, India, and Taiwan of the parasitos of Popillia beotles
included in table 1, the idea being to introduee them into the [aited
States for the control of Popillia japonica. Under normal feld condi-
tions these species are either parasitic on P. Japeniea or attack other
members of the same genus. The dexiids are capable of parasitizing
other gencra in the scarabaeld subfmmilies Melolonthinae and Sor.
ciage in addition to Popillia.

Tasve 1.—List of parasties of Popillia investigated in Japan, Chosen, Ching, India,
and Taiwan

Parasites of— ; Countries Hosts

The adult beetie: ;

Tachinidar: : ; .
Centetercineren M. Jepan. .. ______.._. 1 Popillia jeponica.
Euiriropsis javana "Tosw L e B T T T T T U -_-{__;,mﬁﬂ},, <p.

(i Fapitia jeponica.
Fogillta quedrignttole (F,
t| Fopiflis chinensis Friv.
: .")‘api:!:iu cyamen tlope,
Jamaria incongree Walk...___} Japan, Chosen, Chiina, Ingin.. .. ;gi::-{-’::: ;}ﬁ;‘;g”&-’e L{?gﬂ
( Papllic pustudatn Fairm.,
|- Ynsmade orientalis Waterh.
A tnomala rafack pren Motk
i ;dn;:;ps_rmnI_-nucu.’ahm Whaterh
. | Qoriia ta e
Trophops clonscai Ald { \ntomaln rﬁc:'nru pred.
Pyrgotidoe: j

Adepsilic flaviseta Ald

}
@JPa_niﬁ:'n enpricaliin,
 Eopiig ¢ panta,

Fopitha mazclelnndi finpe.

! In previous puhlcations (@, 10} this specizs s reforred 1o e P. cafunoptera Hope,

§ In g previous publication (10} this species 15 referred to a5 S, Mmilis Lewis,
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TapLe 1.—List of parasites of Popillic investigaled in Japan, Chosen, Ching, Indiq,

end Taiwan—Caontinued

Parasites of— Countries

Hosls

The larva:
Drxiidace:

Dezia centralie Al Chosen

Popillia gquadrigutiata.
Fopifilu atrocoerulea Botes,
Afiridida koreana N. and K.

|
!
}

Aunnmala spp.
Phytlopertha spp.
Sericr Sp.
Papiitia japenica,

Papiltia en pricollis.
Popitifa spp.
Anpmala spp.
sldoretus sp.

Seriea ¥pp.

Proaena 2ilicita {F)erooeeeanms Japan, Chosen, Indin_

Seoliidac:
Tiphin malnra 4, and T

Tiphin popiitisrera Rokh......[ Japan, Chosen, China. ...

b

I3

i
Tiphie puitirers A.and To__ o 10 e o ee e
;

Tiphie rernalis Rob. ... * Tapan, Chosen, China._ . ..aos

{f Popiftia cupricotlis,

iY Popiffia spp.

1 [Popr.‘.’[u Jjapanica.

1 Popiliin eirocoerulen,

i Popittia quadrcigutiata,

| Papillia chinensis,
Papiltic formorana Atrow,

[ Popillia cupricollis,

1 Puapiifia spp.
Paopiilia faponica.

|| Pagitlia guadriguitafa,

J Popiltin chinentis,

: H Popitiia spp.
.-t Tabwan t Do.
i

1

Tiphin sp. Taiwan 5

Only the investigations pertaining to the life historivs, habits, field
observations, and rearinz and shipping of these parasites in the Far
East are dealt with in this bulletin. The methods of bandling upon
arrival in the United States and the rearing, colonization, and effective-
ness of these parasites are dealt with in other publieations (/, 3, 4,3, 6,
11,12, 18, 14, 14, 16, 17) emanating from the investigations on the
Japanese and Asiatic beetles.

PARASITES OF THE ADULT BEETLE

Investigations were carried on with four species of Tachinidae para-
sitic on adults of Popillia japonica in Japan and one species of
Pyrgotidae parasitic on adults of species of Popilliain India. No para-
sites of adult Popillia beetles were found in either Chosen or Taiwan,
except Hamaria incongrua, which is known io be widely distributed
throughout the Asiatic and Malayan Regions, Centefer cineree inJapan
and the pyrgotid Adapsilie flarisela in Indin have but one generation o
year and are well synchronized with their hosts in time of appearance
in the field. Eutriropsis jazane has but one generation a year and its
life cycle corresponds closely to that of Centeter. In Japan H. incon-
grug and Trophops clauseni have two or more generations & year and
arc present as adults in the field over a longer period thar are the
Popillia beetles, thus requiring other searabaeid beetles as alternate
hosts. These are usually present in sufficien{ numbers to enable these
tachinids to complete their life eycles, but & limited number or a lacls
of allernate hosts in o new cnvironment presents g serious handicap
in the cetablishmont of these two species,
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TACHINIDAE
CENTETER CIXNEREA Aldrich

The biotogy and habits of Cenieter cinerea, the most cffective parasite
of adult beetles of Popillia gaponice in northern Japan, has been fully
dealt with in previous publications (9, 10). The work during the
period 1920-33 consisted in the investigntion of new aveas in Ja pan to
determine the relative abundance and degree of fivld parasitization,
and in the collection of parasitized beetles for the shipment of puparia
of C. cinerea to the United States,

Investigations on the island of Hokkaido in northern Japan revealed
that Centeter cinerea was well distributed in practically all the localitics
where Popillia beetles were present.  The average parasitization in all
the localities investigated was 37.2 percent during the latter part of
July and early part of August in 1931. No doubt this average would
have been considerably higher had the ebservations been made carlior
in the season, since previous records at Sappore on the same island
have shown that the parasitization drops off very suddenly alter the
fivst part of August.  On the island of Honshu, just south of Hokkaido,
the presence of C. cinerea in different sections was distinctly variable
and the degree of parnsitization considerably lower as contrasied witlh
that found in Hokkaido. In no locality were more than 353 percent
of the bectles parasitized. The highest rates of parasitization were
found in the hilly and mountainous sections of the northern and
western portion of the island, whoere the winters are severe and snow s
present on the ground throughount the winter. In the lowlands of the
castern portion of the island, where the winters are mild and little snow
occurs, beetle parasitization was found to he considerably lower, and
in the section south of Yokohama no trace of (" cinerea was found,

While the distribution of Hamaria incongura was being investigated
in Kyushu in scuthern Japan in 1932, beotles bearing eges similar {o
those of Centeter were collected near Ino and Kobayashi in the moun-
tains at the northern end of the istand. Emergence of the parasifes
the following year proved them to be (' ¢cinerea. This makes the third
island in Japan on which (. cinerea. is known to occur, and extends the
known southern range much beyond that previously recorded.

Popillia beetles bearing Centeter eggs were collected for rea ring and
shipment in 1929, 1930, and 1933. Approximately 85 pereent of the
parasitized beetles produced Centeter puparia. During these ¥oears
33,663 puparin were shipped to the United States. The 1933 ship-
ments, consisting of 6,163 puparia, were from heetles colloeted in the
vicinity of Utsonomiya and Tachikawa near Tokyo. The (enteler
adults occurring in these loealities are prescot in the fiekl the latter
part of June and early in July. or approximately 1 month carlier than
those at Sapporo in northern Japan, from which all previous shipments
of puparia material have originated. In view of this and the corre-
sponding correlation with the time of emergence of the host, (", cinered
from this section may prove to be hotter synchronized in time of
emergence with Popillie japonica in the United States.

The methods of collecting and rearing were the same as these em-
ployed in previous years. In preparing the puparia for shipment
great care was exercised in climinating as much of the beotle hody as
possible,
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Haxaxra ixcoxorua Walker

Hamaute incongrue, & parasite of the adults of many spectes of
Scarabacidae, is widely distributed throughout the Asiatic and
Malaynrn Reo'mns and in various tioplcﬂl countries. In Japan,
where 1t oceurs as & parasite of Popillia japonica, it has two and
possibly three generations a year. Being of mepusculzu habhit, it is
active mostly during the enrly morning “hours and in the evening.
Although the exaet method of pﬂmsWuatlon 1s not known, it is
presumed that the female deposits fully developed larvae either on
the host bectle or on the nearby foliage, and that these enter the
beetle through the softer portions of the body

Although no shipments of [amaria incongrua hnve been made to
the United States sinee 1928, observations on disfribution and degree
of field parasitization were carvied on in Japan during the perlot,l
1929-33.

During 1930, 1921, and 1932 over 200,000 Popillia beetles were
collected at 108 loealities, representing a wide range of climatic and
environmental conditions, on the islands of Honsim Shikoku, and
Kyushu in Japan, Thesc wore colleeted from the middle of June to
the end of August, and in some instanees colleetions were made at
weekly intervals.  Since it is impossible to distinguish the parasitized
beetles in the field owing to the larvipositing habit of this tachinid,
all eollected material was sent to the Yokohame laboratory for obsor-
vatien. Hamaria incongrua was reared from beetles colleeted at 68
of these localities on the 3 islands. Emergenee vecords from this

collected material showed that famaria was the more abundant in
the hilly places covered with underbrush in the warmer arcas,  Field
parasitization was exceedingly variable in different seetions and the
general average very low. Ti no locality were more than 2G percent
of the heetles parasitized and in only 13 localities was parasitization
above 5 pereent.

Parsitized beetles were found in the feld in central and western
Japan throughout the season, the highest rates of parasitization
occurring during the latter part of June and early in July and again
the latter part of August. At Obuse, in western Japan, 5.1 percent
of the beetles were parasitized on July 9, 1932. Examination of the
beetles from the same loeality collected July 235, and 29 revealed
parasitizations of 2.3 and 3.2 percvnt respectively, which inereased
to 14.3 percent of the beetles collected the lask week in August,
Popillia collerted at Takao, near Tokyo in castern Japan, on July 3,
1932, haad a parasitization of 4.1 percent, which dropped to 1.2 and
1.4 percent in collections made on July 19 and 28, respectively, and
rose again to 4.3 pereent in a lot collected August 19, The differences
in these parasitization records are no doubt due to the two generations
of Hamaria appearing in the field at these times,

In areas where adults of Popillia japonice are present in the field
over a period of 2 months or longer, Hamaria incongrua is able to
develop two generations on this host, but in areas where this does not
oceur alternate searabacid host beotles are necessary for the preser-
vition of this speeies.
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Iurrixorsis savana Townsend

In 1923 and 1928 a fow adults of Eutrizopsis jevana were rearcd at
the Riverton laboratory from shipments of beetles parasitized by
Centeter cineree forwarded from Sappore, Jupan, in 1922 and 1927,

Although several attempts have been made to obtain information on
this tachinid in Japan, nething relative to its biclogy or life history
has bheen found. A carcful examination of beetles bearing tachinid
cges collected at Sapporo in 1928 revealed that all the puparia con-
talned within the dead parasitized beetles were those of Centeter,
More than 100,000 beetles free from cexternal tachinid eggs were
also examined, but not a single Futrizopsis pupurinm was found. In
1930 appreximately 10,000 Popillic were collected ot 9 other localitics
on Hollkaido Island, More than half of the beetles bore tachinid oo
and the remainder were free from external cggs.  Later examination
of both parasitized and unpearasitized beetles revealed nothing but
Clenteter puparia.

Apparently foadricopsis at times parasitizes Popillia in the absonce
of some other host and mayv be considered of little importance as a
fnctor in the control of P. jeponica in Japan,

Troprors cLavsest Aldrich

Trophops clauseni was first discovered in 1928, when 3,000 Popillia
Japoniea beetles colleeted at Tokorozawsa, near Tokyo, ]a[mn Inte in
June revealed a parasitization of 1.2 pemont Beetlos collected at
this area 1 week later, however, did not contain a single individual.

In 1930, while the (listlibulion of, and field parasitization by,
Centeter cinerea and Ilamaria incongrua were being investigated in
Nagano prefecture, western Japan, Trophops was again ene -ountered
in two localitics. In 1931 it was found in several acditional localitics
in the same prefecture. The highest parasitization was found at
Obuse, where collections of Popillia in 1932 yielded 8.1 and 4.5 pereent
on July 9 and 13, respectively. The field parasitization of heetles
collected in all localities, however, averaged only 1.4 percent in that
vear. Of several Searabacidae present in the field in these localities,
Anomala rufocuprea appears to be the only other beetle aceepted by
this tachinid as a heost. Although Popillia bhectles collected as
Tokorozawa late in June in 1928 were found to contain Trophops
larvae, no parasitized beetles were [ound in Nugano prefecture hefore
July 5. After this date the degree of ficld pilI‘ilSitl/‘lllOl’l increased
until the middle of the month, after which it gradually deelined,
After the first week in August no parasitized Popillia could be found,
although A. rufocuprea colleeted late in August were found to contain
larvae of Trophops. Collections of beotles made in the middle of
July showed the sex ratio of the atincked beetles to be G1.3 percent
ninles and 38.7 pereenl females,

Noles on the Life Flistory of Trophops clausens

The tachinid Ay Trophops elauseri is apparently nocturnal in its
habits, for it has never been observed in the feld. Parasitized
beetles are usually found in rather hilly places with dense under-
growt), indicating field habits similar to those of Hamarie. Repeated
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examinations of the beetles containing the larvae of Trophops showed
no traces of external eggs, so it is assumed that the female deposits
living larvae, but the exact manner in which it attacks its host or the
manncr of penetration by the larva into the host beetle has never
heen determined.  The death of the beetle occurs when the parvasite
larva has reached the early part of the third instur. The period of
larval development in the host body is similar to that of Hamaxie
Tneongrua, the average time from collection of the beetles to pupation
of the parasite being 9 days umler normal temperatures prevailing
during msidsummer.  In July and August the pupal stage in Popiflia
covers & period of 15 to 17 days. However, in Anomale rufocuprea
which were collected in the Iatter part of August the pupal period
was 28 days.

The exact number of gencrations of Trophops in western Japan is
not known, although there are at least two a year, the first on Popillia
and the following one or more an available Popiltia and Anomala
rufocuprec. In 1932 Trophops cmerged during the early part of
August from Popillia beetles that had been colleeted in the middle
of July, and 4. mdocuprea collected in the latter part of August
were alse found to contain Jarvae of this parasite.

The status of this tachinid as a parasite of Popiflia japonica 1s
somewhat similar to that of Hamarie incongrua, although its known
distribution is more limited. Because of its low rate of field parasiti-
zation, as observed In its native habitat in Japan, and its two or more
generationa a year covering n period of adult activity of 2 months
or longer. the value of Trophops clausent as a parasite of P. japonica
m the United States is questionable,

In 1932 a tolal of 237 puparia of Trophops elauseni were shipped to
the United States, from which only 10 adults emereed in the spring
of 1933.

PYRCOTIDAE

ADaPsILIA FLAVISETA Aldrich

A full account of the life history and general habits of Adapsilia
Harmseta, a parasite of adult Popillic heetles in India, has been given
i a previous publication (79). In India this pyreotid fiv is restricled
to the hilly sections that are covered with widely spaced plantings of
pine trecs and fairly dense undergrowth of brush at an clevation of
about 3,000 feet. It has only one generation & year, the adults
appearing in the field about the middle ol July. Its normal host in
Tndin is Popitfia cupricollis although P. eyanca and P. maeclellandi
are eceasionally parnsitized. In parasitizing the beetle the frmale
dapsilia, which 1s diurnal, remains quiescent on the foliage near the
freding beetle until the beetle takes ficht, whereupon the {ly immedi-
ately pounces upon the beotle from gbove, It then guickly inserts
its egz through a long, relatively slender and sharp ovipositor into
the mid-dorsal region of the bheetle abdomen near the junelure with
the thorax.

The work in India in 1929 was devoted to collecting hootles nenr
Shillong and shipping .lepsilic puparia obtained from these heetles
to the United States.  No further work wag dene with this species
after 1929 owing to the discontinuation nf the work in that countrs,

Bectles were collected during the period [rom July 25 to August 19,
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1929, the majority being brought in from August 1 Lo 9, the peviod
when the synchronization of host and parasite is 2t its best.  During
this time 533,885 bretles were brought in by the numerous native
collectors. From these, 4,310 Adepsilic puparia were obtained,
giving a parasitization of 0.78 percent, as compared with 0.53 in 1928,

The manner ol rearing anel shipping was similar to that employed in
previous years.  The beetles were confined in hieavy cardboard boxes
of approximately 1 cubic foot capacity, and to ahsorb excess moisture
the bottoms were lined with fresh moss.  Apples were used to feed
the bectles and were replenished on alternate days.  After 12 days
all live beetles, which were evidently unparasitized, were destroyed
and the dead ones placed in open trays to allow the Adapsilia. which
were still in the larval siage, to pupate.  Alter pupation the uncon-
suled body contents of the host were removed to eliminate decom-
position gases that might arise during shipment, to the detriment of
the puparin.  The puparia were packed between lavers of fresh
sphagnum moss in small, ventilated rectangular tins, and a number
of these, entirely surrounded by a 3-inch layer of fresh imoss, woere
packed in inscetproel wooden hoxes for shipment,

One shipment consisting of 3,800 puparia was sent to the United
States in 1920. This arrived at its destination November 9, having
been en route 42 days at o temperature of 40° to 50° F.

Parasimes oF THE Tanva
DEXUHDALR
TExta vENTRALIE Aldrich

Deria ventralis, the most common of the Chosonese dexiids, was
first found at Suigen, Chosen, in 1922 (8).  Owing to its complicated
bielogy no rearing work for the shipment of parasitized grubs to the
United Btates was attempted until 1925 (7). In that year Popillia
gapoentea grubs, which do net secur tn Chosen, were collectod and
shipped from northern Japan to Fukuoka in Kyushu, southern
Japun, for parasitization by Derie fomales forwurded from Chosen.
By the time a sufficient number of gravid females were available late
in June, however, most ol the grubs were too far developed for para-
sitization purposes, and only 830 parasitized grubs were shipped
to the United Stotes.

In 1928 it was deeided to ervry on rearing work in Clhiosen, utilizing
the native Chosenese host grubs.  This proved to be very suceessful,
and over 20,000 grubs were parasitized and shipped to the United
States in 1926 and 1927, Beceause of the danger involved in shipping
to the Tnited States live grubs other than those of Popillia japonica,
owing te the risk of an escape of these specivs, no rearing work was
carried on in Chosen in 1928, but a method was developed whereby
ndult female Deria could be shipped to Yokohama suceessfully, and
in 1929 rearing work was earried on there, the grubs of P. japanice
being nsed as hosts.

Table 2 shows the survival of adult femnles of Deria rentrahs for-
warded from Suigen, Choesen, to Yokohama in 1929 and 1930, the 2
years that rearing work was carried on. The adults were confined
mn the shipping containers, which were similar to those cmployed in
transporting Seolitdace, approximately 7 days from the time of coliee-
tion to the time of removal.
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TaBLE 2.—Survival of adull females of Dexia venlralis shipped from Suigen, Chosen,
te Yokohama, Japan, in 1920 and 1930

Adults : Adnits surviving

Generation shipped shipment

Number - Number | Pereend

603 a52 | 4.
2, 3%1 1,806 -
S0+ B84

2,001 1477

3,483 o008 .

B, 383 . §,0i7 ¢

. 3

Tt was extremely difficult to obtain Popillia grubs in any numbers
in the vicinity of Yokohama for rearing work with Desria, but this
was overcome by eollecting and shipping erubs as needed from Hok-
kaido in northern Japan to Yokohama, a procedure which proved
to be very satisfactery and inexpensive. No rearing work was
attempted with the second generation of Deria in 1929 owing fo the
impossibility of securing a sufficient number of grubs in Iokkaido
during August. This was the year of grub searcity in northern
Japan, when less then 1 pereent of the overwintering grubs having
a 2-year life evele were still in the larval stage at that time of the year.

The parasitized grubs obtained through parasitization with the
first and second generations of Derig in June and August, respectively,
wore shipped to the United States immediately after being parasitized.
Dovelopment of the parasites fook place en route, and the adults
emerged shortly after arrival at their destination.  Grubs containing
the hibernating larvae of Desie obtoined through parasitization with

the third-generation flics in September and October, were kept over
winter at Yokohama in a well-drained plot covered with sod.  The
winter mortality of these grubs was rather high, as only 17.1 and
16.9 percent wore alive when dug up for shipment in the springs of
1930 and 1931, respeetively.

Rearing and Shipping Aethods

The rearing work with Derie vertrelis was accomplished by using o
breeding-jar method similar to that employved in previous years,
Approximately 30 erubs were placed in the lower half of a l-quart
glass jar with soil. A fine-mesh sereen eage containing 5 or 6 Deria
females was fitted into this jar and rested on the =oil, and through
this sereen inte the soll the deposited larvae passed in zearch of the
host grubs.  The grubs were examined each day and those showing
the parasife respiratory funnel were removed and replieed with fresh
grubs.  The flies, which were fed regnlarly with a selution of sugar
and water, lived from 3 woeelks to 1 moenth in (he eages and parnpsttized
frem 335 1o 30 percent of the grubs each day.

In packing the paragitized grubs for shipment. tin-lined boxes, 1
foot square and 6 inches deep. were nsed.  Each box contained 5
cross-seetion sets separated by tin plates providing a compartment of
about 1 cubie ineh Tor eael of 300 grubs,  For shipment 2 of these
boxes were packed togotherin a strone wooden ense. The soitin which
the grubs were packed had been thoroughly Tumigated with earbon
disulfide to eliminate any other inseel material which might have

234374—40——2
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been present. In table 3 is a summary of shipments of povasitized
grubs and the percentages of parasite cmergenee after arrival in the
United States.

TasLe 3.—Summary of shipments of Popillia juponice grubs parasitized with Deria
venlralis from Japon to the Uniled Stales, 1929-31

Grabs

Contents af shipmoent shipped

Prrasites cinerging

Number 4‘\'umbcr; Pereent
. 500 450 . 15,0

Girubs parssittzed with Brst-pogeration Derin
Querwintered grubs parasitized with third- i
genemtion Dexda_ .. ... . 0 .. L GO0 Ll
| Ornbs parpsitized with first-ranerntion Deefa , 15,
o) Cnks purasitized with second-veneration Perin N ,
.| Grubs pemsitized  with  second-generntion A 358
Deria, |
Overwintered grubs porasitized with third- 4, 35 -
gencration Deria. L

Tt O v RTIMIe . e eeeee—eme l 20,800 i 4,409 -
i i i )

Owing to the establishment of Derig ventralis in the United States.
from which material for recolonization was available, no shipmoents of
this parasite were made alter 1931,

Prosexa sistnita (Fabricius)

The dexiid fiy Prosena sibirite, which is generally distributed
throughout the Asiatic and Malayan Regions, is an important para-
sile of Popillie japonica in Northern Japan. It has one generation
a year and is capable of parasitizing and developing ou numerous
species of scarabaeid grubs of suitable size. The iife history and
habits of this dexiid have been fully dealt with in previous publica-
tions {9, 10},

The shipments from 1923 to 1927, inclusive. consisted of field-
collected grubs of Popillia japemica, which showed o general fiold
parasitization of 10 to 15 percent. Because of the impossibility of
cleteeting the presence of the parasite larva, which is attachod to the
maim tracheal trunk of the host, all collocted grubs were shipped.
The grubs were dug in Hokkaido early in the spring and immediately
forwarded to the United States, arriving there shortly hefore the
emergence of the parasiles.  Although this methed proved satis-
factory, the transportntion costs were extremely high, and in 1927
it was decided to parasitize the grubs artificially by a method that
had been developed in 1921, This was accomplished by disseeting the
first-stage larvae from the ovisacs of the gravid females and trans-
ferring them to the host grubs by means of a fine brush, To insure
penetration by the parasites, the grubs with the smal’ larvac were
placed in cells of suitable size in wooden hlocks for n period of 24
hours before being placed in the field, where they overwintered.

Late In the summer of 1928, 40,596 grubs were artificially para-
sitized in northern Japan and placed in a prepared soil plot, well
drained, covered with sod, and surrounded to a depth of 18 inchoes by
a fine-mesh sereen to prevent the grubs from wandering away. These
grubs were dug up early in May 1929, and 19,440 were alive, of which
19,000 were shipped to the United States,

In 1929 it was impossible to sccure sufficient grubs for inoculation
work. Conscquently it was necessary to coliect Prosena females and
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ship them to the Yokchama laboratory and carry on parasitization
worle there with available, current-year grubs from that vieinity.
Only 12 percent of the females were alive on arrival at Yokohama.
This high mortality was due to the extremely hot weether prevailing
at the time of shipment. Out of 364 females received alive, 159
contained larvae sufficiently develeped for this work. During the
latter part of August, 6,300 grubs were parasitized and placed in
hibernation cuarters. As experienced with the overwintersd grubs
parasitized with Dexia ventralis, the winter mortality was exceedingly
high in this material and only 900 were alive when dug up the follow-
ing spring. These with the 19,000 shipped in 1929, together with the
29,000 of Deria ventralis, make a total of 48,900 grubs containing
dexiids that were shipped to the United States during the period
covercd by this bulletin. The method of packing the parasitized
grubs for shipment was the same as that deseribed for shipment of
grubs parasitized with I, ventralis,

No shipments of Prosena sibirita were made after 1930, as this
parasife was then established in the United States,

SCOLIIDAE

During the course of the investigations froin 1920 to 1933, inclusive,
on the parasites of Popilliec and related scarabszeid beetles in the
Orient, 8 large number of Scoliidae, principally of the genus Tiphia,
were found and intensively studied. Most of these species, which
were ():onsid(‘red to be new, have since been described (2, 18, 19,
20, 213,

In table 4 is presented the known distribution in Japan, Chosen,
China, India, aud Taiwan of all species of Tiphia reared or shipped since
the initiation of the work. Of the 29 species listed in this table, 8 are
known to occur in Japan, Chosen, and China; 2 in Japan and Chosen;
and 1 in Chosen and China. No doubt further investigations will
show a much wider dissemination throughout the Orient. Of the
species mentioned in this bulletin, only Tiphia biscculate and T
leqitiplage, purasites of Anomale and occurring in southern Japan,
have 2 distinet gencrations a year.




TasLe d—Record of known distribution of various species of Tiphia in the Orient
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Investigations have shown that the normal host grubs of these
species of Tiphie occurring in several couuntries fall within generic
rather than specific limits. This may be exemplified by 7. rernalis,
which has Popillia quadriguiate 2s its normal host in Chosen and P.
chinensts in Ching, but will oviposit and develop on P. jeponice
equully as weil. There is little variation in the biology of those species
ocemring in different countries or in widely separated areas in the same
country other than the time of appearance of adults in the fleld. This
varintion in field appenrance is due to temperature conditions and the
presence of suitable grubs in the soil.

The lack of sufficient adult food and of suiteble host grubs in the
field are limiting factors thai influence the effectiveness and distribu-
tion of Tiphia. The food supply of the adults consists mainly of
honeydew exuded by aphids and other bugs, the blossoms of various
plants, principally Umbelliferae and Polygonaceae, and the nectar
from glands associated with certain plants such as the sweetpotato.
Suitable host grubs are those species which are of suflicient size and
are accepted by the Tiphia, and are present in the field, usually near
the parasite feeding grounds, at the time when Tiphia adults appear
in the field.

The position of the egg on the host grub for each species of Tiphic
discussed in this bulletin is illustrated in figure 1. In the previous
publications (9, 10) the egg position on the host grub is figured for all
the species investigated during the pertod 1920-28, some of which are
not mentioned in this bulletin.

Tegitipioge
Biseculate
Burretti
Srernato
Varnolcs

isoiate
Fultfivare

Homanculoris
Saros

Costanearvora
and sp.

Pagiffiororo
Notopoliry aliemr
Asdricaa

Motvro
ond sp.

Fierre 1.—The position of the eggs of various species of Tiphia on the host grub.
Tipura VERNALIS Rohwer

Tiphia rernalis was first found in Chosen as a normal parasite of
Popillia quadrigutiata, but Inter investigations revealed that it would
oviposit and develop equally as well on P. japonica. The present
knowledge of the distribution of T. rernalis indicates that it covers o
ereater tanege of territory than was at first supposed, and it is now
known to occur at 7 localities in Chosen, 4 in China, and 16 in Japan.
Although a normal parasite of P. quadriguttate in Chosen, it is assumed
that its normal host in Japan iz P. jeponica, since this beetle occurs in
all localitics where this Tiphie is found. A full necount of the life
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history and general Labits of 7. rernalis at Suigen, Chosen, has been
given in previous publications (9, 70).

Previous to 1926 all shipments of Tiphia vernalis consisted of cocoons
reared at Suigen. The work of propagating this material not only
involved a tremendous amouns of labor in rearing and packing, but
necessitated laboratory overwintering in the United States and mating
of the emerged females the following spring before colonization in the
beetle-infested area could be attempted.” While studying the life
history of T. vernalis at Suigen it was found that the females lived
approximately 6 wecks under laboratory conditions. In 1926 a trial
shipment of adult females was made in specially constructed shipping
containers provided with food and water for the females during transit,
Although the material was en route approximately 25 days, this
method of introduction proved satisfactory, and later investigations
in the United States showed that imported females lived an average
of 25 days after arrival and deposited an uverage of 38 oggs per
female {(11).

Shipments

The work on Tiphia vernalis at Suigen, Chosen, during the period
192933 consisted in eollecting adult females in the field and shipping
them to the United States. In addition, some rearing work was carried
on in 1933. Owing to the rapid transformation of Popillia japonica
grubs to the pupal stage after the middle of June, nil consigniments of
adult females were forwarded so as to arrive at their destination befors
June 15. In table 5 is & summary of the various shipments of adult
females from Chosen to the United States from 1926 to 1933, inclusive,

TanLe 3.—Summary of shipments of adulls of Tiphia vernalis from Chosen to the
United States, 1826-33

Adults Adults surviving

Shipment shiipped shipnent

Nurber E Nuuber I Pereent
i i) 10,
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Totsl or sverage for the 5-year period covered by this bulletin 47,8

It will be seen that, with one exception, the first consignments of
adults each year, which were collected shortly after emergence and
before any extensive oviposition had been nccomplished, gave u
higher percentage of survival than those collected later in the season.
The percentages of survival in shipments made after 1928 are notico-
ably higher, and this is accounted for by a change in the food In
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the earlier shipments the food consisted of a weals solution of water
and honey or sugar. After 1928 the food consisted of pure honey and
pure powdered sugar kneaded into a composition resembling candy.

After the termination of collectionsz for shipment in 1933, females
were still abundant in the field at Suigen, and 1t was decided that this
material be used in rearing work. From May 24 to June 26 o total of
11,031 females were collected, from which 65,653 parasitized grubs
were obtained. These produced 37,045 cocoons, or 56.4 percent. Of
this number, 28,380 were shipped to the United States.

Owing to the very suceessful establishment of several colonies of
Tiphia vernalis in the beetie-infested area in the TUnited States, from
which thousands of [emnles are availnble for colonization each vear,
no further infreductions of this parasite are necessary.

Tirnia rPorPILLIAVORA Roliwer

Tiphia popillicrore was first deseribed from specimens collected at
Alorioka and Koiwal in northern Japan in 1928, The next vear a fow
individuals were found at Yokohama, and subsequent investigations
reveitled the presence of this species at 16 localities in Japan, 2 in
Chosen, and 2 in China. To date such anatomical differences as
have been found in examination of specimen material from these 3
countries have not heen sufficiently constant to warrant the assump-
tion that move than 1 species is invelved. This is also the opinion
expressed by Allen and Jaynes (2}, As is also pointed out by these
authors, however, there are biological differences between the form
occurring in Japan and those orcurring i Chosen and China, and
because of these differences individuals from eael countey are referred
te as a separate strain or race. 7\ popilliarora is distinetly a parasite
of the egrubs of various species of the genus Popillic and depends on
the host material available In the country where each strain occurs.
Fn Japan it is parasitic on Poepillic japenica, in Chosen on P. atro-
coerulea and P. gquadriguttuta, and in China on FP. formoesana, P
chinensis, and others of the same genus.

As discussed in a previous bulletin (J(), the times of adult emergence
in the field of the three strains in their respective countries are notice-
ably different. The Japanese strain in northern Japan emerges about
the middle of August, or approximately 2 weeks earlier than the
Chosenese strain, although the monthly mean temperatures at Suigen,
Chosen, are higher during the peried from February to November than
the monthiy mean temperatures at Kotwai, Japan, At Nanking,
China, near which the Chinese strain is found. the monthly mean
temperatures are higher throughout the year than at Suigen, but the
Chinese strain does not emerge until the latler part of September, or
3 weeks later than the Chosenese strain.  Thus there appear to he
distinct biological differences in the time of appearance in the field
of the three strains regardless of the variation in temperature in the
three countries. This 2-week difference in the time of emergence
hetween the Japanese and Chosenese strains also prevails in the
TUnited States where both strains have heen subjected to the same
trmperatures.

From 1920 to 1923, inclusive, rearing work was earried on at
Koiwal, Japan, with the Japanese strain of Tiphie popillivrora, and
extensive shipments of reared ceocoons were made to the United
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States. Owing to the establishment of this strain, no further ship-
wments of it were made after 1923, except for two unsuecessful ship-
ments of adult females in 1925 and 1926, In 1923, 1926, and 1927
large shipments of reared cocoons of the Chinese strain and a very
small number of reared cocoons of the Chosenese strain were made.

In 1950 it was felt that the Chosenese strain, because of its later
appearance in the field, when the grubs of Popillia japenica ave larger
and more fully developed, would be more suitable than the Japanese
strain in the United States. Rearing work was again taken up at
Suigan, but owing to a Hmited supply of females in the field only 979
cocoons were reared and shipped in 1930 and 1931.

Trenia sarers Allea and Jaynes

In 1925 Tiphia mature, o parasite of several spring and carly-swm-
mer species of Popillie, principally P. cupricollis, was found in the
district surrounding Shillong in the Khasi Hills of Assam Provinee,
India. The breeding grounds of this species were loeated in the
sparsely planted pine forests in very hilly country, whereas the feeding
grounds were found several miles away st the crest of & range of hills
where a considerable growth of shrubs of various kinds was heavily
mnfested with aphids, s pointed out in a previous bulletin (20), this
wide separation between the breeding and feeding areas, requiring the
females to travel throngh several miles of forest for feeding and then
to return for oviposition. calls for & very unusual and interesting habit
with this genus.

Bxtensive rearing work with Tiphic mature was carvied on st
Shiliong in 1920, after which the work in India was discontinued.  The
spring of 1929, like that of 1928, was unusually warm, and the first
mdividuals were found in the field on April 15, “They did not become
abundant, however, until after the spring rains, which were later than
in 1928, On April 17 the sex ratio was about 50:50, after which the
uumber of males increased so that by May 20 the sex ratio was approxi-
mately 25 males to 1 female. As a result of clear, warm weather
during the last 10 days in May, the ratio of males and females avail-
able for colleetion agaim became normal.  This period of good weather
was followed by another spell of rain carly in June,

The coliection of females for rearing work was begun ou April 17
and continued until June 25. The rains during the middle of May
and early in June seriously handicapped collocting, and only 7,786
females were collected as compared with 12,606 and 12,418 females in
1927 and 192§, respectively. The maximum number of females in
oviposition at one time was 2,188 as comnpared with 5,054 in 1928.
The greatest number of cges deposited in o single day was 771, from
1,893 females, and the total number of ovipositions obtained during
the entire period, mostly on grubs of Popillia cupricollis, was 24,845,
The general average was 0.30 ege per day per female, as compared
with 0.39 in 1928.

In rearing the cocoons in the laboratory, a medium of soil and
chopped moss was used instead of the usual composition of soil and
sod. This combination improved the physical condition of the soil and
retarded excessive loss of moisture, thus increasing the rate of cocoon
formation. From the 24,845 grubs parasitized, 8,012 cocoons were
obtained, or 32.3 percent.

234374—{0——2
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Shipments of Piphia mature cocoons in previous years did not leave
[ndia until the fall, but in 1929 the cocoons were divided into 2 lots
and forwarded to the United States in the summer immediately after
they were spun. The first consignment comprising 1,800 cocoons
left Caleutta, India, July 18, and arrived at the Moorestown labora-
tory 38 days later. The material was placed on the boat af o tomper-
ature of 45° F., with the understanding that this temperature would
be maintained throughout the vovage. The method of packing the
cocoons differed somewhat from that emploved in Japan. Waooden
trays 15 inches square and 2 inches deep, ftted with cross-section
sets, provided compartments 1 inch square and 2 inches deep. Two
cocoons, cach surrounded with moss, and separated from each other
by a square of tin or celluloid, were placed in each compartment.
The trays, cach holding 430 coconns, were then packed in farge
wooden cases in sets of five surrounded by a layer of fresh sphagnum
TNOSS.

The second ot of 6.000 cocoons was shipped from Caleutta August
8, and was en route 38 davs at a temperature of 52° . To simplify
tlie packing and reduee the handling ‘at their destination the cocoons
m this shipment were packed individually in ®-inch vials stoppered
with absorbent cotton. and these vials weore placed in rectangular
trays of perforated tin and held in place by cardboard cross seetions.
The teays, cach holding 200 vials and surrounded by a 2-inch layer
of fresh sphagnuin moss, were packed in large wooden cases,

The condition of the cocoons in these two shipments was exeep-
tionally good on arrival at Moorctown, N. J, as only 16 cocoons
showed any signs of external fungus.

Tienry peLrivors Allen and Jaynes

During the investigations in India a small species of Tiphia, later
described as Tiphia pullivora, was found in the Khasi Fills of Assam
Province. This species is found in large numbers in the field from
the latter part of July te early in October. Although its prineipal
host under normal field conditions is a small undetermined ruteline
beetle, it will also attack and develop on second-instar and carly
third-instar grubs of Fupillia cupricollis and anothier species of Popillia.
Because of this it was thought that this species might be of same value
&s a parasite of P, jepenica in the summer and carly part of the fall
when the grubs are amall, -

Previous investigations showed that rearing work with this spocics
Was unnecessary owing te the large number of cacoons that could be
collected in the field.  In the full of 1924 & total of 21,005 cocoons
were colleeted and stored in a cool place awaiting shipment the follow-
ing spring. Investigations, however, showed that adults from ship-
ments of this species did not emerge at a time suitable for use against
Popillia japonice in the United States, and instructions wore sent
from Moorestown, N. T, to discontinue all work with Ziphia pullivore
and not to ship any cocoons on hand.,

Trema sp. Taiwan 3

At Hokuto, near Tathoku in northern Taiwan, adults of an unde-
terinined species of Tiphie wore found in the field in 1929 from the
latter part of August to carly in October. Tlis species oviposited
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and developed very readily on grubs of & species of Popillia, and it is
assumed that the normal host in the field 1s & member of this genus.
The adults feed at the nectar glands found at the base of the leaf
peticle of the sweetpotato and other plants.

The ege, which is dark eray, is placed vontrally beiween the eighth
and ninth abdominal scgments with the anterior pole directed out
(fig. 1). During the latter part of August and early part of September
the cgg stage covers 4 days and the larval stages approximately 10
days.

Beeause of the searcity of this species in the field in 19290, only a
fow fomales were collected, and from these 911 parasitized grubs
were ohtained. These produced 387 cocoons, a percontage of 42.5.
Of these, 379 were shipped to the United States,

THE PARASITES OF RELATED SCARARBAEIDAE

During reeent years three additional scarabaeid beetles from the
Orient have become established in the eastern part of the United
States.  The orviental beetle (Anomala orientalis Waterh.), which was
first found in Connecticut in 1920, has spread to Massachusetts,
New York, and New Jersey; and the Asiaticgarden beetle (Liutoserica
eastanca (Arvrow)), which was originglly found in New Jersey in 1920,
is now known to occur in Massachusctts, Connecticut, New York,
Pennsylvania, Delaware, Marrland, the District of Columbia, and
South Carolina.  Serica peregrine Chapin, which was first found on
Long Island, N. Y., in 1927, is not known to occur in auy other State,
Owing to favorable breeding conditions these pests have increased
and spread, causing considerable damage to track crops, ornamental
plants, and lawns, especinlly in suburban areas, which are particularly
spitable to both adull and larval feeding,

Qutsidde the United States Anvmale orientalis is known to occur in
the Hawalian and Philippine Islands and in Japan.  In Japan, so far
as 15 known, there is but one generation a year, the adults being
present in the field from the latter part of June to early in September,
The adults, which are both diurnal and nocturnal in habit, exhibit
little activity in the lowlands during the day, but there is considerable
daytime activity in the mountainous regions. Although this beetie
is fairly common in some sections of Japan, there are no records in
Japanese literature of its being of any veonomic Importance 1o agri-
cultural crops, and the writers have never observed it feeding to any
extent on any plants of importance. Most of the adult feeding is
confined to various speeles of Polygonum and other herbaceous plants
which are common throughout Jupan,

utoseriea castanen occurs in Japan as well as on the Asiatic main-
land. In Jupan it is the nwost common of about 35 species belonging
to the Sericinae.  There is only 1 generation a year, the adults appear-
ing in the field from ecarly in June to September.  The adults. being
nocturnal, ave rarely seen during the day, bot on warm, still nights
they are abundant in some seetions. A favorite place for them tn
congregate at night is around lights.  As a pest of cconomic impoi-
tance in Japan 1t is of little cousequence. Some damage has been
reported from the feeding of adults on young numsery stoek and
omamentals and from grubs feeding in lawns,  When grubs of this
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species were being dug for parsite-rearing work at Yolkohama, they
were found to be most abundant in rather dry soil around the roots of
Artemisia spp. and other weeds.

Serica peregrina is known to cccur in Japan, Chosen, and Chiua.
It has only one gencration a year in Japan, the adults heing preseut
in the field from late in June to late in August. Although this beetle
is not considered a pest of major importanee in Japan and Chosen,
the adul$ is reported to feed at times on apple, pear, mulberry, barley,
cauliflower, and asparagus in Japan, and on millet, cotton, and sugar
heet in Chosen (8).

Although these beetles are considered of little economic importance
in the Orient, their spread nnd increasing hanportance as pests 1 the
castern part of the United Btates has necessitated the investigation
and study of their parasites in their native homes,

During investigations in Japan, Chosen, and Tatwan, no suitable
parasites of the adulis of these three beetles were found.  Hamaria
incongrue, which is a parasite of both Popiflia japornice and Anomala
orientalis in Jnpan, has three generations a year pud requires an
alternate bost to complete its yearly life evele, No attempts have
been made to introduce this tachimid parasite against A, erientalia,
as repeated efforts to establish it egainst . japonice in the United
SRfates have fatled, Tn Chosen an undetermined tachinid was lound
wlich is parasitic on a species of Serieq, but this paresite appears in
the field during May, which is too early to be of any value against
Aaddoserica ceastenee or 8. peregring in the present areq of infestation,

Paras1Tes oF THE J.anva
SCOLIIDAR

AMany species of Tiphic parnsitic on cluwomale and Seriea woere
studied in Japan, Chosen, and Taiwan, hut only 11 were considered
of sufficient importance to warrant introduction.  \lthough some of
these, in their nntive habitat, are parasitic on grubs other than these
established in the United States, invesiigations have shown that the
specirs of Tiphia are, in general, generic rather than specific in their
cholee of hosts, These species of Tiphia, moreover, are loealized in
their distribution and are dependent on a sufficient supply of adult
food and suttable host grubs.

During the period from 1928 to 1933 tho species listed in table
were investicated and 77,270 caceons and 6,130 adults were sent to the
United States.



http:In.pn.ll

INVESTIGATIONS OF PARASITES OF JAPANESE BEETLE 21

TarLE 6.—Species of Tiphie parasilic on scarabaeid grubs of the gerera Anomala,
Auioserica, Phyllopertha, and Serice, ingesligated in Japan, Chosen, Taiwan,
and China, and shipped to the United Stales

Species of Tiphia 1 Countries Tosts

T, aréricae Adlen and Jaynes I Serfex spp.t . \
T biveritinta Allen nudd Faynes '{i:g:ﬁ:t: :f_’i':lfr{ﬁgf Ohaus,
[‘Annmﬂic cupren Hope,!

T, burrelli pmk,,r____________m_____%___'_do___'___‘_______ ) AnOTAlG teafrlcziﬂfeta:_.l\rtots.l

rlMomula schonfe
Anominin rifockprea,

F |
—_— ' Serica ap.t
T. cnstnnerergre PATREr. .. _...... l ..... do f{ghmg'“ﬁm castanen.
. _ TieR 8.
T, homoncalaris Parker.._.... _.. i apan, Clesen . .__.._. {Anr_o.vericu castanes,
{Scrn:u ap.t
| iLoludnserica castnnen.
i ! lPﬁyHn_nertﬁa congpureate Flar,)

g

I igolata Patker weeeoo oo JRPAD e e

. . o] P2 11 i i ]
T notopolita afieni Roberts...—......; Japan, Chosen, China. i _{liff:f:ﬂr;‘;:'tﬁ?rﬁg:pm"u Reitier.
| lelnomnta schonfeliti,
Toaetoi Pavker. ... Chosen. ... LoLooLoo Serice spp.d
Tosteruia Parker oo dapan L Lo ... .___ ..t Rerleaspp
y Anowmala schorfeldtit

E e ! . . e mala v focu prea )
T teyitiptagn Allen and Jaynes. .-, ,'l.-inomrm: oricutalis.

i ' i Phytlaperthi conspurcata,
An unidentified species : Tatwen  slromale =p)
I

I From flel] ehservation.

Trruia asEricae Allen and Jaynes

Tiphia asericae, & moderate-sized spoeies, was first found at Suigen,
Chosen, in 1924, and has sinee been recorded from China and Japan.
In the Chosen area, where it has a 1-year life cycle, it is very abundant
and is parasitic on various species of sericine grubs during June and
early in July. Its life history has been fully treated in a previous
publication (70),

During the years 1929 to 1932, inclusive, 187,264 ovipositions were
obtained in the Jaboratory, giving the comparatively high rate of
ege produetion of 0.97 cgg per day per female. From these oviposi-
tions 72,606 larvae, or 43.4 percent, developed coecoons, 2 much higher
rate of cocoon development than that obtained in the breeding work
carried on in previous years, During this 4-year period 61,270 of
these cocoons were shipped to the United States. Early in June 1929
& consignment of 1,656 aduit females was forwarded.  Although the
methods of packing and the food used were the samens in the success-
ful shipments of Tiphia rernalis, only a few adults were alive on arrival
at their destination. The results of experiments earried on at Suigen
in 1929 to determine the longevity of adult females when stored in a
cool place under shipping-can conditions indiented that the length
of lifc of this speeies is considerably shorter than that of other members
of the genus which have heen worked with to date, and that the hich
niortality during shipment is due to this factor rather than to laulty
shipping methods.

Tiruia pisEcrLaTa Allen and Jaynes

Tiphia biseculata is normally parasitie on Anomale spn., but investi-
gation showed that it would develop readily on Papillia japonica in
the laboratory. Consequently it was imported into the United States
from 1924 to 1928, inclusive, as a parasite of P. japonica. Since
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investigations in the United States showoed that this Tiphia was of
little value as o parasite of the Japanese beetle in the present areas
of infestation, no further work was done with it until 1832, At this
time & shipment of cocoons was macde from which the emerging females
were liberated as parasites of cromala orientalis, which was be(‘ommo
of increasing impOf tance as a pest in the \'wmliv of New York,

This szh?a is one of the two species which have two distinet gen-
erations & year in Japan. The furst brood appears in the field during
June and those of the seccond brood from Iate in August to late in
QOctober. The first brood is much more numerous than the second.

Previous to 1932 this species had been found in only one loeality
in Japan, at Miho, & small sandy peninsula jutting out a few miles
into the sea near Shimizu in Shizvoka-ken., In 1932 Tiphia biseculata
was found at Yokohama and Cligasaki, Japan, the last-named loeality
]{?\;ing much the same environmental conditions as those found at
ATiho.

Experiments carried on with the first generation in 1932 showed
that this species accepted grubs of Anowmale orientalis equally as
readily as those of . schoerzfe."dh its normal hiost. Rearing work was
carried on with the second generation at Miho from August 23 to
October 24, 1932, and during this time 3,649 females were collected.
Femasles were still abundant in the field when eolleetion ceased. A
total of 38,9380 ovipositions were obtained which produced 8,507
cocoons, or 21.84 percent, of which 616, ov 1.538 pereent of the total
ovipositions, were affected by fungus. This small percontace of
cocoon formation, which is low as compared with many species of
Tiphia, is accounted for by the fact that the parasitized host grubs
move about a great deal in the oviposition tins and rearing flats, which
tends to dislodge the egos and young larvee.  In the fall 7,692 of these
cocoons were shipped to the United States.

TipHiA BURRELLI Parker

Tipkia burrelli was first found at Kagamigahara, Japan, in 1931 and
later was found in smell numbers at Miho and Hisezaki on the island
of Honshu and at Ishiki on the island of Shikeku. Tts normal hosts
are the large grubs of Anomala cuprea and . testaceipes, bul it is
parasitic also on A, schonfeldtr and A. rufocuprea. Since no grubs of
Anomale orientalis were available, laboratory tests with this species
were not altempted.

The adults are found in the field from the frst of Seplember to the
middle of Qctober, feeding on the honeydew of aphids and other
insects.  There is one generation a year and the winter 1s passed as
the mature larva within the cocoon.

The egg, which is grayish white, is placed venteally between the
last thoracie and first abdominal segment (fie. 1. Under September
temperatures at Mihio the inecubhation period is 3 davs and the larval
feeding period nearly a month,  The large eocoon is similar {o that of
Tiphia brevilineata in having a lhick {elthke covering pad with an
uneven surface. The cocoon is a darker brown than those of most
species of Tiphiz, and somewhat gluzed, lzcking almost entively the
toose onter strands of =ilk.

Owing to the scarcity of adults. only 277 ovipositions were obtained
in 1932, of which 61 developed to the eacoon stare, wiving a develop-
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ment of 22 pereent.  These cocoons were shipped to the United States
for colonization against Anomala orientalis.

TIPHIA CASTANEAEVGRA Parker

Tiphie casteneaerora, which closely resemibles T, asericae taxonomi-
ecally, was first found at Narashino, near Yokohama, Japan, i 1931,
and the next year it was found at Tachikawa, near Tokvo. In the
ficld it is parasitic on sericine grubs, and in the laboratory it was founcl
to oviposit and develop very veadily on -lutoserice castanen.

The adults may be founul in the field [rom the middle of May to the
endd of June, feeding in numbers on the blossoms of chestnut and oak.
There is o single generation each year, and the winter is passed in the
mature larval stage within the cocoon.

The grayish cgg is placed in the suture between the fourth and fifth
segmenis of the grub just ventrad of the lateral line and with the
anterior pole directed ltoward it (fig. 1. The incubation period lasts
from 3 to 5 days, and the development of the larva to the spinning
of the ¢ocoon reguires 10 to 12 days. The cocoon is small and light
brown, with & moderate filament.

From 1,153 females collected at Tachikawa in 1933 n total of 9,436
ovipositions were obtained, giving an cgg-production rate of 0.85
per day per female. These ovipositions yielded 5,390 cocoons, or
57.1 percent cocoon formation. Of these, 5,066 were shipped to the
United States for colonization.

TieH1a HOMONCULARIS Parker

Tiphia howmonenlaris bas been found in five localities in central
Japun and at Suigen. Chosen. It is parasitic on sericine grubs and
under laboratory rearing conditions develops very readily on Autoserica
caslaned.

The adulis. whose food is the honeydew of aphids and other bugs,
are found in the ficld at Yokobuma from the first of September to the
first of Qctober. There is one generation a year, and hibernation takes
place as & mature larva within the cocoon.

The eggs, which are slightly gray, are placed ventrally, usually
between the third and fourth abdominal segments on third-instar
lost larvae, and usually one or two segments nearer the thorax on
second-instar grubs, with the anterior pole directed outward. Appar-
ently second-instar and third-instar grubs are ecually favored, judg-
ing from the numbers of cggs in each of these positions on both field-
collected and laboratory-parasitized grubs. The inenbation period
lasts from 3 to 5 days, depending on temperatures, and the develop-
ment of the larva to the spinning of the cocoon requires approximately
20 dnys in September.  The cocoon is rather smnh but otherwise nor-
mal in form and color.

This species apparently has a high rate of oviposition, as 66 females
in one experiment depnsiterd an average of 1.11 eggs per day per female,
Although this species was moderately abundant at Yokohama in 1932,
only limited rearing work was carried on owing to difficulty in obtain-
ing a sullicient quantity of sericine grubs. From 1,101 ovipositions
274, or 24.9 percent, cocoons were obiained, of which 10 were affected
by Tungus. The 264 healthy cocoons were shipped to the United
States in 1932,
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T1rHIA 150LATA Parker

T'iphia isolata, a small species parpsitic on sericine grubs, was
first found at Yokohama and later at Toyosu and Rokkosan on the
island of Honshu and at five localities on the island of K.yushu. Labs-
ratory investigations showed that it oviposits and develops readily
on Awleserica castanca,

In the Tokohamsa district the adults, which feed on honevdew, are
found in the field from the early part of September to the middle of
October.  There is only one generation a year, and hibernation occurs
as the mature larva within the cocoon.

The egg, which is placed, with occasional variation, ventrally near
the median line and hetween the sccond and third thoracic segiments
(fig. 1), 1s nearly white when first deposited but darkens with age.
The anterior pole is diveeted outward.,  The incubation period covers
from 4 to 3 days, andl the development of the larval stage requires
from 20 to 25 days. The cocoon 15 normal in color, but small, with
no flufly outer eovering,

Owing to the small number of sericine grubs available, extensive
rearings were not possible, and in 1932 only 79 cocoons were obtained
for shipment to the United States.

TirHia NoTOoPOLITA ALLENT Hoberts

Tiphia notopalite elleni was found in 1922 at Suigen, Chosen, where
it is primarity a parasite of Phyllopertha conspureata, although some
individuals attack £, palfidipennis.  In 1924 it was Toumd at Penniy,
Hangehow, and Kuliang, China.

In 1931 anel 1932 it was found at several widely separated localitios
on Honshu Island, Japan. At Nagano and Tovosu in central Japan
there is evidence to date of a partial second generation similnr to that
of Liphia tegitiplaga, as some individuals nppear late in June and early
in July, their progeny emerging in September.  This speeies is much
more abundant late in the summer and early in the fall, however,
appearing from late in August to late in September.  Although no
investigations were carried on at Yokohama and Miho with reference
to the first generation, it is presumed that the same seasonal evele
prevails in these localities. At Mibo and Yokehama the adults are
found in the field from the latter part of August to the early part of
October. At Nagano the early adults feed on the honevdew of aphids,
on soybeans, and on the blossoms of Polygonum reynoutria, while the
late individuals feed on Aflivm odorem. At Miho they feed on the
nectar gland at the base of the leal petiole of sweotpotato, and at
Yokoluitne they feed on white umbellifernus hlossoms.

At Nagano nnd vieinity Phyllopertha canspureate appears from field
survevs to be the normal host.  In the laboratory, however, it readily
purasitizes sAnomala orientalis, though coroon formation on this host
was poer. At Yokohama parasitized grubs of A, erientalis, A, schon-
feldti, and Phyllopertha sp. were Tound in the field, and grubs of these
species were &lso used in the rearing work.  Secoud-instar grabs of
<L scianfeldti were more readily aceepted in the laboratory work than
third-instar grubs ef the same species.

The egg, which is light gray when first Taid but turns darker before
hatching, 1s placed between the seventh and eighth abdominal seq-
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ments in the depressed area near the lateral margin, with the anterior
pole directed outward (fig. 1). The duration of the egg stuge is 4 to 5
days and that of the larval stages 15 to 17 days under September
temperatures. The winter is passed as a full-grown larva within the
cocoon.  The cocoon is of medium size, loose and flufly, and not sep-
arated by distinet layers.

In_the full of 1932 rearing work was carried on at Miho, Yokohama,
and Nagano. At Miho from 176 females 643 parasitized grubs were
obtained, which developed 149 cocoons, or 23.18 percent. At Yoko-
hama G09 females parasitized 3,648 grubs, from which 526 cocoons, or
14.42 percent, were obtained. At Nagano from 709 females a total
of 5,593 parasitized grubs were obtained, which developed 919, or
10.4 percent, cocoons.  Of these cocoons 1,333 were shipped to the
Uhnited States, the emerging adults to be used agninst -Anomale orirn-
talis.

Trwenia saton Parker

In a previous publication (10} Tiphia malayane Cam. (7) was
referred to as occurring in China and Chesen, hbut at that time 1t was
thought that two distinet species might be invelved on account of
marked dillerences in life histovy and habits. In 1932 a species of
Tipkic was found in Japan which at first was thought to be T
malgyana, and biological studies were condueted on hoth the Chosen-
ese and Japanese forms. In the course of these studies biological
differences were observed which prompted a eloser investigation of
their taxonomic characters. This resulted in the determination of
the Chesenese and Japanese forms as two distinet species, and these
were later deseribed as 7. zatoj {rom Chosen and 7. sternate from
Japan.  Comparisons of the two species were then made with speei-
ntens from China designated as 7. malayana, and these revealed
taxonomic differences by which materia! from the three regions could
be separated.  Further study showed ihat none of the three speeies
in question were T, malayana, and the form from China was later
described as T' frater (18).

Tiphia satoi has been found in five localitics in central and southern
Chosen but never in any great abundance except at Suigen, where it
was originally found. Tt is parasitic on the grubs of various sericine
spectes that are in the third Iarval instar during the spring.

The adults appear in the field from the middie of April to the early
part of June, {his being the first species of the genus to appear in the
spring in Chosen,  For the most part the adults feed on the honovdew
of aphids and oceasionaily on the blossoms of Forsythia sp.  So far as
is known there is only one generation a vear, and the winter is passed
as the adult, probally in the cocoon.  The egg when first laid is white
but davkens before hatching, 1t is placed venirally between the third
and fonrth abdominal segments with the anterior pole direeted out-
ward (lig. 1). The cgg stage requires 10 1o 11 dnys and the larval
stages 20 to 22 days in May. The cocoon is of a_neutral color. and
the outer covering is loose and not separated into Tayers.

In 1932, longevity experiments under shipping-can eonditions wore
carried on to dotermine whether or not adults of this speeiss conld be
suecessiully shipped to the United Stafes.  Afler being confined for 5
weeks 71.4 pereent of the females were still alive and these lived an
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average of 2 weeks longer, during which time they were confined with
lost grubs, and oviposited regularly, parasitizing an average of nearly
10 grubs per female.

In 1931, 86 cocoons, and in 1933, 46 females were shipped.  Of the
latter, 30 were alive on arvival in the United States.

Tirnta sPERNATA Parker

Tiphia sternafa, a parasite of sericine grubs, is taxonomicsally close
to 7' satei. Tt was first found in the vicinity of Yokohoma in 1931 and
since then it has been found at nine localities in the central and east-
central parts of Honshu and in seven localities in the northern part of
Kyushu.

Both sexes appear in numbers from early in September to late in
October. The female is believed te hibernate under ground, and
during this time the eges take form within the ovaries. The males
apparently do not survive hibernation. These suppositions are based
on the results of laboratory experimentation and the fact that to date
ficld observations have shown the males to be very scarce in the spring.
Females are again abundant in the feld from early in May to the
middle of June, when parasitization of the host {akes place.

Experiments with fall-emerged and mated females in the laboratory
have resulted in a fow isolated cases of oviposition, but all other fe-
muales dissected showed no signs of egg development within the
ovaries. Periodical dissection of laboratory-hibernnted females
showed gradually increasing evidence of egg formation. Spring-
collected females oviposit readily under laboratory conditions. As
has been said, indications are that the males do not survive hiberna-
tion, therefore it may be supposed that males appearing in the spring
are the result of oecasional [all ovipositions and serve to [ertilize the
spring-appearing females. It is not known whether this complex
exists in Negano and central Japan where the mean temperatures
are lower than those prevailing at Yokohama.

The egg, which is pale gray, is placed ventrally hetween the third
thoracic and first abdominal segments with the anterior pole directed
outward (fig. 1). The egg stage in the spring at Yokohama lasts 4
days and the larval period 10 to 12 days. In the few instances of fall
oviposition that have been observed the egg stage lasted 4 to § days
and the larval stage 20 to 22 days, depending on the temperature.
The cocoon is normal in color with a small amount of exterior flufiy
filament.

Tn 1931 a total of 200 cocoons were reared at Yokohoma from spring-
appearing females, and shipped to the United States. In the spring
of 1933 2 shipments totalling 4,437 females were collected from the
Yokohama-Tokvo district and shipped to the United States. Of
these, 3,615 arrived at their destination alive.

Treurs TEGrTIrLAGA Allen and Jayvnes

Tiphia teqiti plaga, which was originally found at Miho, Japan, was
later found at nine other Inealities in Honshu, one in Hokkaido, and
four in the southern part of Kyushu.

At Miho there are two gencrations a vear, the first appearing from
late in June to the latter half of July and the fall generation from late
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in August to the middle of September. In Nagano in cantral Japan
two generations alse occur, although individuals of the tull generation
appear to be the more abundant. Here the time of field appearance
is similar to that at Miho. The appearance of two generations at
Nagano, which is much farther north and has 2 much heavier soil,
seems somewhat unusual. These conditions are probably oflset
by the fact that Nagano is in & Iarge valley where the summer tem-
peratures are excessively high. In both localities hibernation of the
fall generation oceurs in tuz larval stage.

The spring generation at Miho feeds on the honeydew excreted by
aphids on melon vines, beans, and truck crops, while the full genera-
tion feeds on the nectar glands at the base of the leaf petiole of sweet-
potato and the blossoms of buckwhent. Owing to the lack of truck
crops and the sweetpotato at Nagano, feeding of the first generation
1s apparently confined to the honeydew found on s species of Ligustrum,
and those of the second generation on honeydew on the leaves of
mulberry.

At Miho the normal host is dAnomale schonfeldti, although .
orientalis, Phyllopertha conspureata, and & few sericine grubs were
also parasitized. A, rmufocuprea was the host most abundantly para-
sitized in the fail, and the parasite shawed a decidled preference for
second-instar larvae. With grubs of . orientalis as host material
the preference was also for the second-instar larvae. The para-
sitization of second- and third-instar Inrvae of Phyllopertha conspureata
was equally divided, whereas of the few sericine grubs parusitized all
were in the third instar. In the field at Nagano some Popillia japenica
grubs were found bearing the dark egg scar which charncterizes
Tiphia oviposition, and in the proper position for parasitization by
T. tegitiplaga (fig. 1). Although this Tiphia aecepted P, juponica
readily w1 the laboratory the percentage of cocoon formation was
exceedingly low.

The pale-gray egg is laid dorsally on the second thoracic segment,
usually neer, and sometimes on, the median line, the anterior pole
directed outward. The durntion of the egg stage is 4 to 5 days and
the larval stage 18 days for each generation. The females Iaid 0.92
ege per day m the laboratory.

Rearing work was carried on with the fall generation at both Miho
and Nagano in 1932, A total of 2,020 ovipositions were secured at
Nagano, but only 84 larvae developed to the cocoon stage. At Miho
7,363 ovipositions were obtained, and from these 1,367 cocoons
developed. A total of 1,180 cocoons were shipped to the United
States in the fall of 1932.

Trrmia sp. Tajwan 2

An unidentified species of Tiphie was collected in very limited
numbers at Hokuto, near Taihoku in northern Taiwan, late In the
summer and early in the fall of 1926, This T%phia, the adults of
which fecd on the nectar glands associated with the sweetpotato, are
present in the field from late in August to early in October.

The pale-gray cgg is placed ventrally between the fourth and 6ith
abdominal segments with the anterior pole directed outward (fig. 1).
The egg hatches in 4 days, and the larval stage covers a period of 12
to 14 days in September.
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Owing to the scarcity of this Tiphig in the field only o few females
were collected, from which 155 ovipositions were obtained in 1929,
These developed 47 cocoons {30.83 percent). Of these, 39 were shipped
to the United States.

PARASITES ON WIIICH NO INVESTIGATIONS WERE CARRIED
ON DURING THE PERIOD 192%-33

During the course of investigations of the parasites of Pomillic
Japenica and related Scarabaeidae in the Orient from 1920 to 1928,
inclusive, the parasites listed in table 7, which were studied and
imported into the United States, were, for various reasons, not in-
cluded in the work ecarried on from 1929 to 1933, inclusive.

Tasrs 7.—Species of purasites of Popillia jeponica and relaled Scarabacidae
studied in Japan, Chosen, China, and Indie during the poriod 1920-28 and
zm'ported into the United Stafes, bul nol fneluded in the work during the period

§529-38

Sheries Countrieg Tlosts
‘T'achinidne: s
Peromyia geaclis Abdrich. (. ) Japan. oo Popiliia Japonical
Seoliidne: jPhyHa-phuya divwm phalig Tiafes..
Campsmneris anawinte {Fohri- | Japan, Chesen, Chioa_.. . |y-inomeis spd
citrs), I."a;}ifﬁa spp.: A
;s T Series orientaliz Mots)
Tiphin agitis Smith, ... ... .. ......do. [ {Sm‘m s
Tiphic essamensis Allen and | Indin_ . ___..____.......| Fopittia cupricoliis.
Jayaes.

Tiphio bicorinata Crimeron. .. _. A rownie siceersi Teyd.t

Phyitoperthe pubicoifis Waterh !
{Anﬁwufu rigterail

Japan, Choesen, China ...

Tiphie brevitinestz Allen and | Jupan, Chiosen

Fhpftopertha pabicotlia}
Jaynes

Papiilin attuens,

Tiphia clewseni Mep and Fayoes.| Indin. .. ... Fopiltia sp)
Mt Irichophorus Falrmt
Tiphia communis Allea snd | Chiva .. .. {An.’mer:‘cu spd
Taynes. Pﬁ pifli for ;.-:osanu.
: e o 2 Adnretay 5p.
Tiphla frater Parker .. ooeioooo o el0 e aecemermecaeaae {_s.ﬂ,im i
ot papuig giecershd
Tiphio koreans Rohwer..........| Chosen ... . ... ..._...|{ Popiltia alrocoernica.
Phptioperiha pubicolli.
Tiphin notepelite Alen and | Ching oovromiceeiceeens {Popim'u ehinenaiad
Jaynes. Fapiltia for mpsanal
Tiphia ockdorsatis Allen oml | Chosen. . ... ...} Nerfea 5p}
Jaynes.
Tiphia tolopyuctale Alle and | Chosen, Chine ... {Anomrxiu aicrersi
Jaynas, Phytloperthe pubicollis.
Corabidas:

Serlea spp)
Fapillin fuponiea.

Cruzpedonoficy tibializ Schaa:m-._l Japen

{zi Agmede sppd
|

I From fiekl obsorvating., .
? Tn the second repert (10) Lhis spoeics was Hsted onder the name of Tighi malagena.  Subsequent stirlies

of maberinl from Chins diseloser! the fuet thit this was on undeseribe:! specips. It hins since heen deseribed
w5 T, frader (18).

The tachinid Peromyia genalis was reared at the Riverton, N. J,,
Iaboratery from adults of Popillia jeponice collected in central Japan
in 1925 and shipped for rearings of IJemaria incongrua. Since that
time it has never been encountered in the work i Japan,

Because the work in China was discontinued at the end of 19286,
1o further investigntions have been carried on with 7iphia communis,
T. frater, or the Chinese form of T notopolita, which, so far as is known,
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oceur only in that country. Termination of the work in India in
1929 brought to a close all work on T assamensis and T elauseni,

Rearing work with Tiphia agilis, 1" bicarinate, T. brevilineate, T.
koreana, T. ovidarsalis, and T. totopunctatu was discontinued because
of their time of appearance in the field. These speeies occur during
July and August when the grubs of Popillia jeponica, Anomala
orientalis, Autoserica castanea, and Serice peregrina have pupated or
are too small to be accepted by these parasites.

Adult shipments of Campsomeris annulate were discontinued nt the
end of 1926. Although this scolild will oviposit and develop on full-
grown grubs of Popillia japeniea in the laboratory, its normal hosts
in the field are of the larger ruteline species, particularly species of
Anomale and Phyllophega. This species has three generations a
year, one of which 1s present in the field during midsummer when the
grubs of P. jeponica fre very searce in the present aren of beetle
infestation in the United States.

Shipments of the carabid predator Craspedonotus fibialis were
discontinwed after 1921 beeause attempts to establish this species were
unsuccessful, probably because of the decided change in the ecelogical
conditions,

REARING AND SHIPPING OF SCOLIIDAE
REsRrING ScoLlIiDAE

The same general methods of rearing scoliid cocoons for shipment
were employed as those used in former years and diseussed in previous
bulletins (9, 10). In India a composition of soil and clropped sphag-
num moss was used in the rearing cross sections instead of the usual
medium of soil and sod used in Japan and Chosen. This composition
retarded the excessive loss of moisture and improved the phyvsical
condition of the soil, thus increasing cocoon formation. A summary
of the rearing results obtained with the different species of Tiphic
which have been studied during the period from 1929-33 is given in
table 8. Tt will be seen from table 9 that of the five species of Tiphia
that attack Popillia japonica (T. popilliavora, T. vernclis, T. malura,
T. pullicora, and Tiphkia sp. Taiwan 5), a tolal of 37,538 were shipped
as reared cocoons during the period covercd by this bulletin.  The
varianee in the ratio of cocoons produced to the number of ovipositions,
as between the different species, ranging from 4.6 percent in Tiphia
2solate to 80.0 pereent for 7. safoi, may be attributed to differences
in temperature and soil conditions existing in the various localities
rather than to differences in the species themselves,
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Tapue 8.—Rearing resulis with various species of Tiphin

| t ! ' ! 1 . Ratio of dis-
i ' i ! ¢ Rutln of enepons i earded co-
. | . : i to ovipesitions ! 1 coons iy pro-
. . Country ¢ L oovie | (-u(:)ﬂ:';s l' i e&nm i ducedcoenons
Speeies of Tiphia from whieh | Year posi- . —— e T —
obtained tigns ; M Podis o
i : f Fduewd By . carded . By
: : . ) | By  species | OBy specles
i [ . t year - oamd . ¥ear anil
: i ' : | souree | i saurce
— | :
! Number Numiber: Percent Pereent  Number' Pereenl Percent
(‘hos&-in 1329 R A T TR q 3 )!5.3
coodae oL 20 30y 3. 456 BLES D M =
T. aserieae. . ... .. Cde T 1 ba 1 3.4 ERT 01 15.8
. RN ' T 1+ 1] T 135830 203
T. biseculate (socond . t . P .
generationy. .o o.... . Japan ... 1632 38,039 §, 307 9LB I 016 T2 5.2
T.hurrefli I | L 132 g a4, 22g 2.0 a 0i Q
T. castanenegora. . ... oo 0 1m3 0 D436 53 AT L Al 3™ 8o 6.0
Tohoman-wlarly . _  de . 12 L0l o L4 2.0 ! {110 1.6 2.4
T.isotate .. . .., oo L L B2 LN whofe G 9 1.5 1.8
Tomelurn 0 0 dmlin ___.. 1820 B4 843 5l 1 B B | b LY Ly
T. notopatite alteni Japan . | l‘Ji‘! ’ D.:l}iva COLEH T 1T 17.0 ‘If 'lig |-I-.h'" hE
ape {Chosen .. IM30 3,089 4 P 13 25 3 5
Topopilliarers .. NG T Gam L mam o Lasl, 250 } U T X S
Toanted. .. . .. . da, L MR 2} 00 0.0 800 . 164 82.0 w20
T. Mernnta - Japan .0 .12 410 i I LY | 4.4 % B 3.8
T.tegitiplage ., da L MEE 9,3%3 Lidt o Il 155 210, .35 &
T.vorualis o Chosen . . . MER 85633 35057 36 95,4 Brt 15. 0 4.0
Tiphie sp. Talwan 3 Taiwan . Th2g - ot AT 4L 4 ¥ 1 al
’ 7. a7, 9.3 93

Tiphic sp. Taiwan 2 . TR 2.1} 3in B

During the course of rearing work with Seoliidace the voung larvae
in the cross-soction trays come in contact with various factors in the
soil which weaken them (o such un extent that death often occurs
after the spinning of the cocoons. The ntore important of these
detrimental factors are attacks by fungi and disease. and unsatis-
factory soil conditions. including insutfficient moisture.  Usually desd
material can be distinguished by fungus growth and dark-brown
discolorations on the exterior of the cocoons. Table 8 also shows =
summary of the cocoons of Lhe various species of Tiphin that were
dliscarded at the time of packing beeause of the death of the larvee
within the cocoons,

Suieping Cocooxs axo Anvit FEsaLes

The methods of handling and packing cocoons lor shipment during
the period 1929-33 were much the same as those that had given satis-
Tactory results in previous vears. Extreme eare was taken in separat-
ing the cocoons from the soil in rearing trays, and in eliminating all
[ungus-affected, discased, and crushed eocoons prior to packing.

The cocoons from Japan and Chosen were placed, with a small
quantity of slightly moist sphagnum moss, in small individual con-
tainers 1 inch in dinmeter and ' of an inch deep.  These ting wore
packed for shipment in a medium af slightly moist moss in tight
wooden cases. Cocoons reared in Indin were packed individually,
with a small quantits of slightly moist sphagnum moss, in tin cross-
seetion sets, cach compartment of which was of ahout 1 cubie inch
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eapacity. The cross scetions were separafed from one another by
sheets of tin.  On arrival at the Moorestown, N, J., laboratory the
cocoons were faken out of their containocrs, placed individually in
small vials, and stoved in the temperature-control chambers for hiber-
nation and emergence the following season.

With those species of Seoliidne that wore sufficiently abundant in
the field and that had an average longevity of 30 days or more, it was
found to be more satlsfactorv and cconomieal to sinp adults than
cocoons. In this case the adult females are released in the beetle-
infested arcas almost tmmediately on aerival, whereas with cocoon
shipments field releases cannot be made until the following scason,
necessitating the added preblems of overwintering of cocoons and
mating.

The only change in the method of shipping adult females from that
described carlier (J0) was in the matter of food. In the carly ship-
ments from Japan, Chosen, and China the food consisted of & weank
solution of either honey or sugar and water. This was followed in
1927 and 1928 by the use of & ‘semisolid food consisting of Japanese
agar mixed with pither honey or sugar syrup in equal proportmn:,, with
greatly improved results. Du:mc the period 1929-33 still better
results were obtained by the use of “good” candy, a compesition
-commonly used as bee food.  This was made by mixing and kneading
powdered sugar. free of stareh, into pure honey, which had been slightly
heated. at the rate of 5 pounds of sugar to 2 pounds of honey. “The
resulting mixture was packed into the holes of a wooden food block
and wired to the inside of the shipping can,

SUMMARY OF PARASITE SHIPMENTSTO THEUNITEDSTATES

From the inception of the project in 1920 to 1933, inclusive, large
numbers of the various parasites in different developmental stages
have been shipped to the United States.  In table § isgiven arecord of
these shipments, The shipments from 1920 o 1998 inclusive, are
oiven as & total for this period while the shipments mede duri ing the fol-
owing 3-vear period are listed svparstely under each year. Table
9 shows the country of origin of each parasite and the various stages of
development of the parasites at the time of shipment.




Tasui 9,--Record of shipments of parasile material to the United States for the control of the Japanese beetle and related Scarabacidae, 192033

Family, genus, and species

Stago of development

Source

Tachinidae:
Centeter cinerea .
I'ulnm]muauma IO
THumarit incongrita
Trophops clanseni _ ..

Pyrgotidne:

Adapsitia flaciseta .,

Dexiidae:

Dedia ventralls

Prosenn sibirite . ... ...
Scolfidae:

Campsomeris apnnlafa. ..

Tiphia agilis - .
Tiphia asericae. ... .. ..

Tiphia bicarigala "L

Tiphia biseculuta. ., ..

Tipkia brevilineata. ... .
Tiphio burrelli .. ..
Tiphia castanenerora

Tiphia communis . ..o ... ......

Tiphia fruter .. ...

’l'iphiu homoncularls

liphia isolatn

llpniu matura .
Tiphin notopolite . B
“I'iphia-notopolita alleni .
Tiphia ovidorsalis . ... . .
Tiphin phyllophague .. .

Tiphia poplitiatora
Tiphin pidlivora
Tiphia sutol. .. . ..

‘Piphia sternuta

Tiphia teyitiplaga
Tiphiatolopunctata

Parasitized beetles, dend . ... .. ...

do . ..o o
Field-collectod beetles, living
Puparia ., ceee. oL oo

[

I’nrmltind grubs. .

{ icld cnllo(,ted grubs.
{ Adult fomales.

Reared cocoons. ..............
Parngitized grubs ...
Reared cocoons

Adult famales .

chn,(l coeoons, .

.\dull femal

I(ulrul cocoons:

RErTS

(lo .

. do .
{\dult females.. ...

Reared cocoons. .
Adult females ...
Reared cocoons
.o do .
....do .
. doo
4o,
co..do..
.do
do

’ {.\duln females

Reared cocoons
Field-collected cocoons. .
Adult fernles -

Renred cocoons
Adult females

Reared cocoons

L.do o

. .o

H

Japan . .
cadoi
wenw do
.o
Indin ... L.

Chosen ..
Japan

B ¢ L

Jn[mln Choscn China ..
o .
"Chosen..

Japan
do

“Chiosen’
Japan ..
...do

FChina -

Jupun Chosen. .
Chosen.
Chosen, China. .

.1 Japan, (‘host.n ¢ hinu

L.da
Indin .
Chosen.

do
Jupan.

1920~28

1929

1030

131

1432

1933

Total

Nitember
0503, W5
288

1800, 400

17, 462
21,324
13, 600
159, 000

31,000
Y

Number
18,000

Number
9, 500

Number

Nunber

Number

Number

637, 158
258
300, 100
7

21,462
50, 324
33, 500
159, 000
31,000
348
6,416
107

1, 'mo
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e : Adult fomales ... O OO Chasen, Chinte. o oeooeen. 21,442 1 10,085 1 6,000 | 5,718 | 11,720 | 12,412 | 60,237

Yiphia vernalie oooooeneeere {Romed oaons 0 danams |0 LTI ] o aee | 40)83m

Tiphiu $p. 'Taiwan 5 cendo . FR . 3

Tiphie sp. Taiwan 2 do,. R U E 31 SO 39
Carabidne: -

Craspedonotus tibialis. ... ... . ...} Adult beotles.. . 16, 450 16, 450
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SUMMARY

This bulletin is based on the results of lurther investigations on
the natural enemies of Popillia japonica and related Searabaeidac in
Japan, Chosen, India, and Taiwan (Formosa) during the period from
1929 to 1933, inclusive.

Investigations were carried on with {our speeies of Tachinidae and
one species of Pyrgotidae parastitic on adult Pepillic heetles, and
with two speeies of Dexiidae aund five species of Scoliidae parasitic
on the grubs of Popillia,

Hamaria incongrua and Trophops elanseni have two or more genera-
tions a year in Japan and are present in the field as adults over a
longer period than the Popillia beetles and so require alternate hosts.

Centeter cinerea. the most effective parasite of Pepillia juponica in
northern Japan, was found to be well distributed on the island of
Hokkaido, where it effects a high rate of parasitization each year.
On the island of Honshu just south of Hokkrido it was found most
abundant in the hilly and mountainous seclions of the northern and
western portions of the island, although its presence in varicus loeali-
ties was distinetly variable and the degree of parasilization was con-
siderably lower than that found in Hekkaido, (' ecinereq was also
found in the mountainous section of Ilyushu, the most southern of
the larger islands of Japan. From 1929 1o 1933 a total of 33.663
puparia wore veared and shipped to the United States.

Llamaxia Jnecngrya, which occurs geaerally throuchout the Orient,
was found in many new loenlities on the istands of Ienshu, Shikoku,
and Kyushu in Japan, but the general rate of ficld parasitization was
exceedngly low and variable.

No further records of Kutriropsis jarana as a parasite of Popillia
were obtained.  Trophops clawseni was found in several now localities
in western Japan, but the percentage of parasitization in P. japouice
was very low.

Further records of Adapsilia flaviseta, a pyrgotid parasite of Popillia
beetles in India, revealed the same low rale of parasitization in the
fickd as had been previously reported.  [n 1929 a total of 3,800 puparia
of this parasite were reared sand shipped.

Considerable rearing work was carried on with the two dexiids,
Dexia ventrelis in Chosen and Proscne sibirite in Japan. During
this pericd 48,900 Popilfia grubs were parasitized in the laboratory
by these 2 dexiids and shipped to the United States.

Investizations were carricd on with five species of Tiphia parasitie
on Popllia juponica. T. popilliarora and T, rernalis occur in both
Japan and Chesen, while 7. matura and 7. pudlivora occur only in
India. The presence of these species in abundanee in the fiell
was always localized, sometimes changing frem vear to vear. being
seemingly dependent on a sufficient supply of adult food and suitable
host grubs.  Extensive rearing work was carried on with these speeivs
of Tiphia and a total of 37,538 reared cocoons were shippod during
the S-vear period. In addition, 47,815 adult females of T. rernalis
were collected in the {ield and shippod, of which approximately 84
pereent arrived i the United States alive,
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During the course of the investigations on the parasites of Anomala
ortentalis, Autoseriea castanea, and Serica peregrina, no suitable
parasites of the adult bectles were discovered. A large number of
species of Tiphia parasitic on grubs of Anomela and Serica were found,
but only 11 species were considered of sufficient importance to warrant
introduction.  Of these Tiphia biseculate, T. burrelli. and T. tegiti-
plaga occur only in Japan and are parasitic on Anomele, while
T. nolopolita alleni, also & parasite of AAnomala. ocours also in Chosen
and China. T ecastancacvora, T. isolata, and T. sternale, all parasites
of Serica. occur only in Japan, while 7' asericae and T. homoncularis,
also parasites of Serica, cccur in both Jupan and Chosen. 7. satud,
which is very close to T sternafa taxononucally, is o parasite of Seriea
and oceurs only in Chosen.  Of all the Tiphia studied in Japan and
Chosen, only T. bisceulata and T. tegitiplaga have two sencrations g
vear. Like the Tiphia pavasites of Pupilba, thoese species of Tiphia
are very localized and theic effeetiveness and distribution are depend-
ent on a sufficient supply of adult food and sulteble host grubs.
Shipments of adults and reared cocoons of these 11 species from
1920 {0 1933, inclusive, totaled 6,139 adult females and 77,270 cocoons.
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