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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D.C.

- FURTHER INVESTIGATIONS OF THE PARASITES
- OF POPILLIA JAPONICA IN THE FAR EAST

By C. P. CLaussy, & .vigr entomologist, H. A. Javxes, asiaciate viitomologiat,
and T. R. GaRDNTR, ‘soctaie entomaologist, Division of Japanese and Asiqtic
Beetles, Bureau of Entomelogy !
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INTRCDUCTION

5. In a previous publication (6)% an account was given of the inves

Lﬁgaﬁons on Paopillia japonica Newm. and its natural enemies in Jepan
and Chosen (Koren) during the ¥ears 1920-1923, inclusive. The
present account covers the work of the following 5-year period
{1924-1928, inclusive) and supplements the above-mentioned publica-
tion, presenting additional information relative to the parasites pre-
viously listed, as weil as accounts of other species found attacking
the genus Popillia.

1 Tha authors sckoosriedgs particularly the assistance of L. B, Porker, who was assigned to the work i
Ingdin ip 1927, K. 3ato, assistant in Japan sines 1021; Y, Quehi, 5. Fulii, and Y. Hasegawa. D). B. Lang-
ford assisted in the [eld work in i; During the progress of the investigetions
1%3 I:_zap]san, Sclios:(én, China, 1 H assistance from the various Government
officials. " 5.1,

Ereatly -
cilitated through old extendad by Y, Hsowen Tsou, viee diregtor of the Chinese Buresn of E:Mmulst;g‘y

and his sssocistes pt the KNational Sonthenstern Uaiversity ot Nanking, nud aleo by A, W, Margn, biologiy

at the Hanpchow Christian College, pnd the uathoritles of that college, through the provision ! lahora-
tory lacilities, To T, ] . entomslogist of India, the senior euthor is much in-
debted for val uable sdvice regarding entomological conditions In India relating to the project, for the deter-
Inination of Indiay insect niaterial, and for the nse of the entomelogieal library at the AeTicultural Researet:
Institute st Pusn,

7 Italic numbers in parentheses refar to Literature Cited, p, 57, .

167713% 33—
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Tn Jepan and Chosen the collection work was continued very much
along the lines previously described, with scme added investigations
upon the parasites of Anomale orientalis Waterh., Autoserica castaneq
Arrow, and Serica similis Lewis, three additional Asiatic pests found
to have pecome established in the eastern part of the United
States during recent years.

The work in China (fg. 1) was initiated by J. F. Ilingworth in
the fall of 1023 and continued through 1924, when it was taken over
by H. A. Jaynes and developed until its abandonment, at the end of
1926, the unsettled political conditions in that country maling its
further continuation mmpracticable. A portion of the work on Tiphia,
however, was continued for the following two seasons in conjunction
with that in Japan and Chosen.

The field of investigation in China centered st Shanghai, and
extended over the coastsl district from Peiping (Peking) southward
to Amoy and Foochow, although some scouting was done in the
Yangste Valley as far inland as Ichang. The maln centers of para-
site collection and resxing were in the outlying districts about Shapg-
hai and Foochow.

Tt Indian investications (fig. 2) were restricted very largely to

the Khasi Hills in Assam, headquarters being at Shillong. This loca- K

tion was chosen, at the time the investigations were initisted, upon
+the advice of T. Bainbrigge Fletcher, Imperial entomologist of Indis,
and proved exceptionally weil suited for this project on account of the
abundsace of several species of Popillia and certain of their parasites.
Tn addition to the main fields of investigation, observations were
made in Taiwan (Formosa), the Philippine Islands, Java, Malaya,
Burma, and Ceylon. Of these, the only ones seeming to offer possi-
bilities for future work are Taiwan and the Philippine Islands.

THE PARASITES AND THEIR BIOLOGY

During the course of the investigations in Japan, Chosen, China,
end India the following parasites were studied with a view to their
utilization in the control of Popillic japonica in the United States.
Those species preceded by an ssterisk are, under normel field con-
ditions, perssitic upon FP. japonice itself, whercas the remaining
species Ysted attack other members of the genus Popillia.

Paresites of vhe adult beelle:
Tachinidoe: Countries
*(Clenleler cinerea Ald__ L mee Japnn.
* Bulrizopsis javena Towns Japan.
* Homazte incongruu Walk ..o Japan, Chosen, China, india.
*Peromyia genalis Ald Japan. .
*Trophops clauseni Ald
Pyrgotidae:
Adapsilia flavisele Ald
Porasites of the larva:
Dexiidae:
Dezia ventralis Ald Chosen.
* Prosena stbirile (Fab.) oo amaaeo Japen, Chosen, Indiz.
Seoliidae:
Tiphia gssamensis A. and J
Tiphia clausent A. and J
Tiphia communis A. aud J
Tiphin matura A. and J . .
Tiphia nolopolite A. and Jooee cmmee e Japan, Chosen, China.
*Typhia popitliavorg Bohoocooonnoomowene Japan, Chosen, China.
Tiphia sernatis Roh Japen, Choren, Chiza,
Diphic sp i Taiwan,
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In addition, the fo]lowin%)species, which normally attack relatsd
genera, have been found to be, to & greater or less degree, adaptable
to P. japonica, and shipments for utilization sgainst that pest have
been made:
Parasites of the larva:
Seocliidae:

Cumpsomeris annulate (Fab) .. ___ Japan, Chosen, China.

Tiphia brevilinecia A. and J__ Chogen.

Tiphia biseculaig A, and J___. -w- Japan,

Tiphia koreana Roh ~-— Chosen.

Tiphia pullivorg A. and J i
Predators:

Carabidae:
Craspedonoius tibialis Schaum
This bulletin deals only with the investigations bearing on the dis-

covery of the various natural enemies, their life higtories and habits,
arnd the rearing and shipping methods employed in frensporting them
to the United States. The manner of their hardling upon errivsl
in the United States, their rearing snd colonization, and the field
distribution and effectiveness of such of the parasite species as have
become established, are deslt with in other publications 2 4 8, 10,
11, 12, 13) from the Japanese beetle laboratory,

PARASITES OF THE ADULT BEETLE

In Japan elone five species of Tachividae parasitic on the adult of
Popillia japonica were found, and the attack on other groups of Scara-
baeidae, notably the Rutelinae, is very nesrly as extensive. It is
of Interest to coutrast this condition with that found in the other
fields investigated. In Chosen Hamazia incongrua is the sole repre-
sentative of the family attacking Popillie, but several other species
occur on other geners, notebly Anomala. H. incongrus was found in
all sections, from Japsn through Chosen and Ching to Indin. As
opposed to the condition in Japan and Chosen, and with the single
exception noted, not a single species was found on any scarabaeid in
China or India during the several years in which the search was made.
In the coastel districks of China the adult beetles are almost entively
free from psrasite attack of any sort, and i India the place of the
tachinids is teken by the Pyrgotidae. It appears that, in the Asiatic
regions at least, the groups of Tachinidse having searabaeid hosts
are essentially of temperate rather than subtropical or tropicel habit.
In general it has been noted that, where these occur, the dispersion
is uniform, and the degree of parssitization remains fairly constant

from year tc vear.
TACHINIDAE

CENTBTER CINEREA ALD,

The biology of Centeter eineren, & very effective parasite of the adult
beetles of P. japonica, was quite fully covered in the previous pub-
Eeation (6). The work of the next 5 years consisted lergely in the
continued collection of parssitized beetles and the shipment of addi-
tional quantities of puparia for establishing new centers of dispersion,
and in strengthening certain of the colonies aiready established in
the United Siates,

In gencral, the high rate of parasitization in the field in northern
Japan, with its biennial fluctuetion due to the pertial 2-year life
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oycle of the host, bas been maintained in spite of the very large num-
bers of parasitized beetles collécted in that section during the last
8 years. Observations in 1927 indicated a parasitization of 47.9 per-
cent of the beetles present from July 15 to 24—a higher percentage
than was recorded in 1921 and 1923, corresponding years in the
biennial cycle.

The more recent investigations on the distribution of Centeter in
Japen have extended its known southern range much beyond that
previously recorded, it now being known to occur in several local-
ities in the Tokyo-Yokohama district. 'When collections of Hamaxia
were being made in 1924 at Utsunomiys, aboub 50 miles north of
Tokyo, 20 percent of the beetles taken slong che borders of certan
wooded areas durin% the latter part of June bore eggs of Centeter.
A smell proportion, less than 1 percent, in the Tokorozawa and Nara-
shino districts near Tolyo bore eggs of Centeter in 1928, but & small
lot. secured June 26 at Hashimoto, about 20 miles west of Yokohamae,
showed a parasitization of 21 percent. These bestles were dissected,
and. the stage of development of the larvae contained in them showed
that the first oviposition must have taken place about June 20. This
is spproximately 1 month earlier than oviposition at Sapporo and
is corvelated with the corresponding advance in the time of emergence
of the host. This correletion is rather noteworthy in view of the
apperent failure of the sjecies to adapt itself to a corresponding
change in the time of appsarance of the host in the United States.

SUPERPARABITIEM AND EGG DISTRIBUTION

In view of the high percentage of parssitization effected by this
species and the extensive superparasitization which unavoidably
resalts therefrom, the determinstion of whether or not the femsle
Centfeter exercises any choice of hosts, avoiding if possible those which
slready bear eggs, is of interest and importance. A conclusion in this
respect cannot be reached by direct observational methods, either in
the field or in the laboratory, but it is capable of solution by the analy-
sis of data from scries of field-collected beetles showing varying per-
centages of parasitization and & consequent variation in the proportion
of parasite eggs lost through superparasitization.

Curve A in figure 3 shows the percentage of parasitization attained
if duplicate oviposition is entirely avoided. In this case the deposi-
tion of 100 Centeter eggs on a colony comprising & like number of
beetles would result in a parasitization of 100 percent. This very
evidently does not occur. Curve B shows the number of eggs which
would need to be deposited on the 100 hosts to attein different percent-

es of parasitization provided chance slone governed the placement
of t"e eggs?® It is seen that, to secure a paraesitization of 50 percent,
the deposition of 70 eggs is necessary, and for 60 percent, 90 eggs.
The increase of the percentage of parasitization beyond this polnt
involves the westege of an ever-incressing proportion of eggs, and the
npumber deposited must be incressed to 220 to effect a 90 percent
parasitization.

As compared with curve B, representing the result under the law of
chanee occurrence alone, there is indicated by dots a series of 11 counts

3 Fiska (8 gives an extonded discussion of chance accurrencs as it telates 1o stperparasitism, and the

gluﬁveg of figura 3 are taXon ftom his Dlustration. Thedolsare from the records of the suthors of the present
uiindi,
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of the actusl number of eggs borne by beetles collected in different
localities, and the percentages of paresitizetion indicated. Each
count represexts from 200 to 1,000 beetles, and the egs number is the
ratio to 100 beetles. It is seen that one of the field resgrds falls on the
curve of chance occurrence, snd that sll others fall below the curve.

Had the femasles shown ~ny preference for unparasitized beetles s
against those slready bearing eggs or containine larvae, the points
piotted would have been between curves 4 and B racher than helow
curve B. The fact that they are below this line, however, 's not inter-
preted as indicating any acfusl preference for beeties already parasit-
ized, but is aftributed instead to the fact that those already para-
sitized, and in which the Centeter larvae have reached the intermedi-
ate stage of development, are more sluggish than healthy beetles and
consequently offer less resistance to ihe oviposition efforts of the
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Ficunre 3.—Oviposition by Cenleter cincrea u}rcn Japanesa beetles in th) Sold os compared with the etirvaof
chanea geourrence: A, Tha theoretical resnlt whers superparasitism is entirely absent; B, the theoretical
result with oviposition governed by chance alogs. ‘The dols represent actual field colmts of esgs of C.
cineren on Popillie japonicy.

parasite. It is evidents, however, that Centeter exercises no digerimi-
nation 1n the choice of hosts, and that the deposition of the eggs is
very probably governed by chance slone,

SHIPMENTS

Large numbers of parasitized P. Japonica beetles have heen collected,
and the puparia secured from them shipped to the United States each
year since 1920, with the exception of 1925 and 1926. The totel num-
ber of beetles thus collected to the end of 1928 was 603,485, and the
puparia obtained therefrom, representing approximately 85 to 90 per-
cent of this number, were forwarded.,

Thers has been little modification in the methods of rearing and
packing from those previously employed, or in the care of the ship-
ments en route. Greater care, however, has been taken to eliminate
the bodies of dead unparasitized beetles before shipment, thus reduc-
ing the amount of decomposition gases generated in the cases during
transit,
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HAMAXIA INCONURUA WALE. {OCHROMDPIGENLIA ORMIOIDES Towna.} 4

In spite of continued experimentation it has not yet been possible to
establish by actual observation the exact manner in which Hamaxia
Tneongrue attacks its host and in which entrance is effected into the
body by the primery larva. Further records have been obtained,
however, on development, host relationships, and the extent of field
parasitization in the various countries included in this investigation.

The rearing records now available show Hamaxia to have been
secured from the following hosts: Popillic japonice, Anomale rufoeu-
prea Motsch., 4. orientalis, and Adoretus tenuimaculatus Waterh. in
central Japan: Popillic cestanoptera Hope, P. chinensis Friv., P.
cyanea Hope, P. mutans Newm., and P. pustulafe Fairm. in China;
and P, cupricollis Hope and P. cyenea in India. The species is widely
distributed throughout the Asiatic and Malayan regions, and it 1s
frequently seen in various tropical countries.

FIELD PARASITIZATION

Field parasitization in the different localities has been exceedingly
variable, the general average being low, yet certain small collections of
Popillia have yielded approximatels 50 percent of parasitized beetles.
The attack is always most extensive during the 3 weeks following the
emergence of the beetles, and then declines very rapidly.

Owing to heavy collections of Popillia during the previous years, the
bestle infestation in the Yokohama district, which in 1921-1923 had
shown an exceptionelly heavy percentage of parasite attack, has been
largely eliminated. In 1924 some collections were made at Utsuno-
riya, about 75 miles north of Tokye, and in the following year the
greater proportion of the beetles shipped were secured near Kyoto.
In the succeeding years the most extensive collections were made in
new locelities discovered in various suburban districts about Tokyo,
and a smaller number in the outlying districts of Yokohama and in the
district bordering Sagami Bay, between E.imakura and Akiya.

The highest actual emergence secured at the Riverton, N.J.,
laboratory from any of the secsons’ shipments was that occurring in
1928, when 3.62 percent of the bectles in four consigniments, compris-
ing a total of approximately 25,297, collected 1n the Tokyo- Y okohama
section, yielded living flies. Rearings of relatively smell lots at the
Yokohama laboratory from beetles collected . localities especially
favorable for the parasite gave a much higher percentage. The heavi-
est parasitization weas found in the districts i_rmnedc_iately south of
Yokohams, where ¢ollections at Akiya in 1927 showed 17.14 percent of
the beetles sttacked, while at Sugita in the same year two lots collected
on June 23 and 27 showed a parasitization of 14.2 and 24.6 percent,
respectively. A small quantity secured at Hushimoto, about 20 miles
west of Yokohama, yielded parasite puparis fvom 41.2 percent of the
beetles, and 1,470 beetles collected at Narashino July 11, 1928, showed
1 parasitization of 33.1 percent. In the districts about Yokohama the
general parasitization of Adoretus during this period was found to be
13.3 percent. The heavier attacks by Hamaxis were almost inveri-
ably found to coeur in rather hilly places with a fairly dense under-
growth, and where beetle feeding was restricted or centeved largely
upon & rather limited number of favored food plants.

4+ In the previous publieations on ihe parasites of Popittfa japonicn Lhis spocies was listed under the name

Ochromeigenia ormicides Townsand, but this hos recontly beon placed o4 u synonym of Hamazia fncotigrue
Walk., by Townsond, who sxamined Walker’s types in London.
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Investigations on the western side of Honshu, where beetles are
common_but the climate is much colder, showed Hamaxia to be
resent in very small numbers. No indication of the parasife was
ound at Toyama s:ad Niitsu, while 0.9 percent of the beetles collected
at Nagaoka and only 1 in 250 examined at Tsuruga were parasitized.
In Chosen, China, and India Hamaxia is & Very uncommon parasite
on the species of Popillis occurring there, and not 2 single record has
been secured showing parasitizatior as high as 1 percent—in fact only
- occaslonal individuals were reared from the several million beetles
collected. Though the species is of very wide distribution, its effec-
tiveness seems to be limited to the warmer temperate regions, and
there it is of value under special conditions markedly different from
those under which the beetle assumes the status of & serious economic
pest in the United States.

NOTES QN TEE LIFE HISTORY OF HAMAXTA INCONGRUA

The death of the host beetle is brought about by the early third-
stage larva 6 or 7 days after its entrance into the body, and pupation
occurs sbout 8 days later. The pupal stage of the first peneration
lasts 11 to 13 days at the higher temperatures prevailing uring late
June and July. “Emergence of the adult from the puparium takes
place almost exclusively between 6 pm. and midnight—s habit
doubtless related to the crepuscular or mocturnal activities of the
adult, and in contrast to the morning emergence of most, if not all,
parasites of diurnal habit. :

A variable mejority of Hamaxia develop in female beetles, though
not nearly so pronounced s majority as in Cenieter. As the larvi-
position habit of Hamaxia is unknown no explanation can be given
for this condition. It has been noted that o considerable number of
beetles remain on the foliage of the food plants until late in the
evening, and the proportion of these of each sex may determine the
relative extent to which they are attacked. In Adorstus the number
of each sex attacked was found to be approximately equal.

Laboratory experiments were repeatedly made 1n the attempt to
secure mafing and larviposition, but so far ss could be determined,
mating did_net occur in a single instance under the conditions
provided. Females were found to contain from 300 o 350 apparentiy
mature eggs in the ovaries within 10 days after emergence, after
having been confined with males for the greater portion of that time,
yet none of the eggs had descended into the ovisac and consequently
no embryonic development had taken place.

The exact number of generations of Hamaxin is uncertain, though
there are certainly two and possibly a third, if hosts are available.
The first is on Popillia and Aderetus end is numerically mueh the
largest; the following one is on Adoretus and Anomala, owing to the
virtual disappearance of Popillia by the time the second brood of
females is ready for larviposition. In the investigations in Chosen,
particnlarly where extended adult collections could be made by
sweeping, it was found that a considerable number of fermales were in
the field during the latter half of September and in early October,
when it was ruther cool and no host beetles of any species were avail-
able for attack. There is, consequently, o possibility that a portion
of the Hamaxia population may pass the winter in the adulf stage.
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TEE SECOND-ETAGE LARVA

In the previous publication (§) the various stages, with the exception
of the second larval instar, were described and figured. This instar
is shown in figure 4, with details of distinguishing characters.

Description: Length approximately 2.5 mm, color white. Body broadest in
the cgudsal region, with the last segment broadly bilobed and swollen venirally,
Derm finely striate at margins of segments, as shown in figure 4, B, Posterior
spiracles widely separated, each having o dorsally di ected hook the surface of
which is wrinkled transversely (fig. 4, B), Mouth parts as in figure 4, C and D.

FrouRe 4.—Seeond lnrval insiar of Flamarie incorpram A, dorsal view, X45; B, lateral view of caudal
segineats, X45; C snd D, the month haoks; B, intersi view of caudal spiracle.

SIIPMENTS

During the period {rom 1923 to 1928, inclusive, a totel of 298,000
adult beetles of Popillic japonica were collected and shipped alive to
the United States for the rearing of Hamasia. Methods of handling
were similar to those previously used, except that refrigeration for any
portion of the journey was abandoned, as the condition upon arrival
was found to be much better in the ease of material kept under normsal

ternperatures.
BEurrixorsls JAvANA TOWNS.

The records of Fultrizepsis javene as o parasite of the aduly of
Popillia japonica are based upon the emergence of 210 flies of this
paresite in 1923 from the shipments of Centeter forwarded from
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Sapporo, Jepan, in 1922, and of 78 in 1928 from the shipments in 1927
from the same locality.

In 1028 o particular effort was made to secure further information
relative to this species, Through examination of the beetles bearing
tachinid eggs, brought in by the collectors, it was anticipated that the
ege of this species, If the egg is laid rather than a living larva, would
differ sufficiently either in appearance or position on the hLost to be
distinguishable from that of Centeter. However, no information was
secured by this means. The later examination of the dead parasitized
beetles, and of the puparin conteined within them, revealed only
Centeter and & small proportion of & sarcophegid scavenger.

Large quantities otp beetles free from external tachimd eggs were
also set aside and later examined for puparin, but with negative
results. More than 100,000 beetles were thus examined, and not a

FiGGRE 5.—Tvophops clauseni, adult femele, X 7. (Drawing by Y. Hasegawa.)

single Eutrixopsis puparium was found. It is evident that the species
is (l))f no consequence as a factor in the control of the host in its native
habitat.

PExoayis GENALIS ALD.

The parasite Pexomyia genalis was described by J. M. Aldrich on
the basis of & small number of adults reared at the Riverton laboratory
from aduwlt Popillia collectéd in central J apan in 1925 and shipped for
rearings of Haomaxisa. Since that time it has not been encountered in
the work in Japar, and nothing is known as to its habits other than
that at least two generations & year develop, as indicated by the
emergence of the adults in late July from beetle collections made
during the latter part of June.

TrROPHOPS CLAUBENI ALD.

In an examination of 3,000 beetles collocted at Tolkorozawa, near
Tokyo, Japan, in late June 1928, 1.2 percent were found to be para-
sitized by tachinid larvae readily istinguishable from those of
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Hamaxias and Centeter, which were also included in this host material.
Bestles collected & week later did znot contain & single individual.
Adults have since been secured and described under the name Tro-
phops clausent by Dr. Aldrich,

An examination of the beetles containing these larvae showed them
in every case to be fres from external tachinid eggs; consequently it

FiauRE 8.—Final Inrval stage of Trophops clousends A, Moutk hooks; B, caudal spiracles,

may be assumed that Trophops deposits living larvae much after the
manner of Hamaxis. The period of larval development in the host
body is longer than that of Centeter and Hamaxia, the maximum
period from the collection of the beetles to the pupation of the parssite
being 12 days, presumably covering the whole period, 2s compared
with the ¢ or 10 days of Hamaxia. The pupal stage lasts approxi-
mately 20 deys,
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The adult ferale of Trophops is shown in figure 5, and figure 6
shows the moith hooks (A) aund the posterior spiracles (B) of the
mature larva, for comparison with those of other tachinids found in
the adulf beetles. The larval characters serve readily to distinguish
the species from Centeter and Hamexia, the spiracies being sessile,
much larger than in Centeter, and closely set together.

?YRGOTIDAE
ADAPSILIA FLAVISETA ALD.

FIELD GBESERVATIONS

The first indications oféﬁarasit.i_zation of Popillia by ddapsilie
Javisela were found in g small quantity of beetles eollected August 16,
1925, in o forested area a few miles from Shillong, India. The dis-

FicuRE {.—ddepsiliz flavizeta, nduit lemals, X 8.

section of these beetles revealed that a few of them contained parasitic
dipterous larvae guite distinet in form from any of the Tachinidse
previously studied in Japan. No adults could be found in the field,
but the distinetive central depression or eavity in the last abdomina!
segment indicated it to be of the family Pyrgotidae., A search in the
locality of collection failed, however, to reveal aduits of the family at
this time. A total of 81,000 beetles (Popillia cupricollzs) were col-
lected during the period from August 17 to September 20, but from this
number only 78 puparia were obtained. Most of these were found in
beatles of the first few days’ collections, and it was consequently sur-
mised that they reyresented the last of the parasite brood, the pesk of
attack having taken place several weeks earlier, and that the percent-

& segured consequently gave no indication of the total mortality
effeched.

The few puparia secured were set aside for hibernation and for
emergence the following season. The first adult (fig. 7) from this
material appeared on July 18, and immediate observations were made
in the field in the same general 1ocality whiek furnished the earlier pars-
sitized material to determine whether the laboratory-emergence
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records corresponded to field conditions. On July 20 a single female
was captured on a corn tassel in an adjoining field, and from this date
onward both sexes were secured in fair numbers. These were deter-
mined as Adapsilia flovisete Ald. (1). -

On the basis of dissections of beetles during this period, it became
evident that July 20 was the approximate date of the first oviposition.
The great bulk of egg laying oceurred during the fwo wesks following
that date, a few femsles continuing to deposit eggs until August 18 at
the latest.

The collection &nd breeding records, taken in conjunction with field
observations, indieate that the correlation between the time of emer-
gence of Adapsilie and that of its hosts is not alwsys so close as might
be desired. In 1926 and 1927 this defect was not so evideni, as the
highe. percentages of parasitized beetles were found among the first-
emerging Popillia, wherens in 1928 the greater part of the ‘beeiles
emerged about 10 days prior to extensive oviposition by the parasite,
In this year the period of several weeks preceding parasite activity was
marked by heavy rains, which may have induced an earlier emergence
of the beetles and also served to delay oviposition by the parasite.

WATURAL HABITAT

The very restricted area in which Adapsilia was found to be most
sbundant mn India is at an elevation of 5,000 to 5,100 feet in a very
hilly district largely covered with a widely spaced planting of pine
trees, and wifh o fairly depse undergrowth. Smﬂ,]f patches in the
ravines and on the hillsides were cleared and planted to corn or
potatoes. The host beetle breeds in these forested areas where the
undergrowth is rather light, and also at the margins of the more dense
areas. 'The adult beetles feed at various blossoms in this undergrowth
and also ab corn tassels in the near-by cultivated plots.

The Adapsilia adults were to be found in greatest numbers on the
undergrowth foliage in ravines largely screened from direct sunlight,
though thewoccasionally venture into the open fields for food.

PERCENTAGE OF PARASITIZATION

While in certain favored locations, such as those just described, the
percentage of parasitization may be fairly high, ab times approaching
50 percent, the general attack over the whole area infested by Popillic
cupricollis has been exceedingly light. The collections for 1926 to
1928, inclusive, covering all of the beetle-infested arens within a radius
of 10 miles of Shillong, and the number of puparia secured and the
percentages of parasi*ization each year, are shown in table 1.

TasLE 1—Percentage of porasitizaiion of Popiilie cupricollis by Adapsilie flavisele
in the neigborhood of Shillong, India, 1926-28

Dagreo of
parsit-
lzation

Puparis.

vollected | Focevered

Numirer Number 3 Percent
45L 287 8,420 1.42
508, 773 8,141 160
771,318 4,007 .53
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The decline in the percentage of parasitization in 1928, as compared
with that of the preceding 2 vears, may be accounted for largely by
the constant and thorough collection of all beetles available in the
favored localities of the parasite during the preceding years.

BEX OF HOBT ATTACEED

A markedly greater proportion of Popillia males than of females is
attacked by Adapsilia. This may be due largely to the habits of P.
cupricollis 1tsell rather
than to any actual pref- 2
erence for males by the
parasite. Allowing for
the sex ratio of the host,
approximately twice as
many males as females
are attacked. Under
field conditions the
male beetles are active
on the food plants dur-
ing the greater portion
of the day, and are on
the wing more frequent- ]
ly than the females. CRBNY L2 3P TET EINNELIEED L2
The latter feed durin ALY il _
the Inorning hours ﬂ-ﬂg FirRe S.—I’erccélnut?ii% otfh r[:];]:g 33;:[115.%1:&;@;?9%.4&@35& flavieeln
then spend a consider- '
able proportion of the afternoon in the soil depositing their egps. As
the parasite attacks the host only while in fight the opportunities for
oviposition on the male beetles are considerably greater than those
for oviposition on the females.

The percentage of puparia of Adapsilin recovered from male
beetles during the sen-

] son of 1928, ns com-
MRAANS pared with the total
i NG of all those parasitized,
Py EEAY is shown in figure 8.
Py Sadl This is based on an ex-
740 = amination for parasit-
e ization and host sex of

N 2,440 parasitized bee-

P

Y
Nt
484

s [ tles collected on differ-

Py <~ <= ent dates from July 27
s T =TT N toAugust 20, thus cov-
2 | ering practically the
C HEZEBEXN I A5 67 e IwrE LG entire period of ovie

oLy AT position of Adapsilia in

Figuus 6. Normal sex 1atio of Popillinpp. in Lhn el duringthetimo the field. It 1s seen
t:‘i?:ccg;éa%;e ?égiggr%rsi“g,jlﬁg?ffu. asvompared with the ratio of those that in the e[%rly por-
fion of the ovipositicn

period, when maximum eflectiveness can be attained through the death
of the hosts before their extended oviposition has taken place, by far the
greater proportion of all progeny are developed in male beetles, whereas
the preponderance in this direction is only slight during the latter part
of the period. This difference is due to » decline in the proportion

of male beetles present and not to a change in habit,

SEX A0~ FEARLES 7O MBS
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In figure 9 the sex ratios are shown for parasitized beetles for the
period during which the parasite was sctive in the field in 1927, as
compared with the normal ratio of the host. The records are based
on the examination of the dead beetles in the breeding cages, the
collection dates of which were known, and the parssitization figures
are based on the puparia found in the bodies of these beetles. The
figures for the earlier portion of the period are for a total of approxi-
mately 500 beetles for each date of record, these being taken a6 2- or 3-
day intervals, but during the latter portion of the period the count was
made daily. At this time unexpected differences were revealed from
day to day not evident in the records in the early part of the period,
and it is probabie that these fluctuations were due to the collection
of the various lots of beetles under different conditions and in various
localities, and that mors representative collections, all taken from the
same general locality, would have shown a gradual and consistent
decline in both of the curves. Throughout the entire period it is
seen that the propsrtion of male beetles among those parasitized is
quite uniformIE;r mainteined at approximately twice the normal sex
ratio, with a tendency to equalize towards the end of the period.
These data correspond closely to those shown In fignre 8 for 1926.

OVIPOSITION

The habit of adults of Adapsilia is diurnal, as contrasted with the
hocturnal activity of the related Pyrgota as a parasite of Phyllophaga
in the United States (7), and this is essential in view of the diurnal
habits of the host beetles. Qviposition was observed in the field in
many instances, and apparently takes place only while the host is in
flight. The female fiy remains quiescent upon foliage in the vicinity
of the feeding beetle until the beetle takes flight, whereupon the fly
immediately pounces upon the beetle from above. The egg is laid
Very auick]y, and the beetle falls to the ground.

Under such laboratory conditions as were aveilable it was not
possible to secure oviposition by caged females. The smaller Riley
cages used in general insectary work do not provide sufficient room
for flight by the beetles and flies, and the necessary outdoor screen cage
of relatively large dimensions was not available. Records of devel-
opment, from field-observed ovipositions presented the possibility of
error, as the progeny might have come from previo asly laid eggs 17 *her
than from the ovipositions actually observed. This difficulty was ¢ -
come by taking to the field beetles which were known to be free from
gamsites, and mducing oviposition in them. This was sccomplished

y catehing the Adapsilia female in an ordinary insect net and immedi-
ately dropping one or more beetles into it. The beetles usually
spread their wings belore reaching the bottom, and were then attacked
by the parasite. In this way one or twoe ovipositions could be secured
from each fermale, but this was possible only at the moment of collec-
tion, as they refused to oviposit when confined and taken to the
laboratory.

The ovipositor of Adapsilia s long, relatively slender, flexible, and
armed with a heavily chitinized, sharp tip by means of which the
integument of the host is pierced. From a dissection of freshly
parasitized hosts it appears that the point of insertion of the ovipositor
18 in the mid-dorsal region of the sbdomen mnear its luncture with
the thorax,
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LIFE CYCLE

There is a single generation of Adapsilia flaviseta annually, the prin-
cipal host being Popillia cupricollis, although a few individvals
develop in P. cyanea and P. macclellandi Hope. The winter is passed
in the puparium in the body of the host beetle, which is in the soil or
under rubbish on the soil surface. Adult emergence begins in the
middle of July, and oviposition takes place the latter part of that
meonth and in the first half of August. The egg stage covers approxi-
mately 3 days, and the period from oviposition to pupation is from
15 to 18 days. The host beetles of both sexes are kilted by the larvae
early in their third stage, 3 or 4 days prior to pupation. The para-
sitized males live slightly longer than do the females, a condition
similar to that uotec% in Japan in the case of Centeter. The body
contents are completely consumed, and the puparium is formed with
its anterior end closely appressed to the posterior end of the sbdomen
of the host. In a very few instances two puparia were found o have
developed in a single bestle, though these were below normsl in size,

BECONDABRY PARASITES

In the breeding work in 1926 the puparia in the trays were found to
have become infested with chalcidoid parasites of two spacies,
Spalangia sp. and a tetrastichid. The larval forms and method of
attack were_identical with those previously observed on Centeter
puparia in Japan, and it appears that these hyperparasites are of
general occurrence upon exposed dipterous puparia in the soil or on its
surface, rather than being specific or generie in their host relationships,

COLLECTION METHOBRS

The manner of field collection of Adapsilia material in India was
much the same as that of collecting Centeter in northern J: apan. The
natives living in the aress infested -vith Popillia cupricollis were shown
samples of tﬁe beetles and offered 5 annas (11 cents) per hundred for
all that they could bring in. This very quickly aroused the interest
of o large number of people, principally women and children, and in
the later years as many as 80,000 beetles a day were brought in, and
collections had to be discontinued before the end of the oviposition
period of the parasite because of lack of funds. The area covered by
the collectors was approximately 10 miles square. In certain small,
isolated infestations the collectors were able to secure relatively
large numbers in a short time, but the average payment per person was
less than 1 rupee (37 cents) per day. The total cost of collection of
the 500,000 to 700,000 beetles secured each year was from £570 to $800.

REARING METHODS

Owing to the fact that P. cufm'collis, the principal host, is a blossom

feeder and that the period of larval development of Adapsilia within

the living host is relatively long, it was necessary to adopt o different

manner of handling from that used with Centeter in Japan. Manij-

festly if: was impracticable to secure enough blossoms to feed a stoclk

of several hundred thousand beetles for several weeks, and conse-

quently tests were made of various folisge plants, as well as of fruits
167713°—33—2
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gud tubers, in an effort to discover some suitable substitute. It was
finally found that apples, of which an adequate supply of culls was
available at that time, were well suited to this purpose.

Heavy cardboard boxes of spproximsately one cubic foot capecit;
were used as containers during the feeding dperiod. A layer of fres
moss was placed in the bottom of each, and upon this enough slicad
apples were laid for 500 or 1,000 bectles. The apple pulp decayed
very quickly, and the moss served to absorb the excess moisture. The
food supply was rerewed on alternate days, at which time such of the
previous supply as had not been consumed was removed. This feedin
wis continued for a period of 12 days from the date of eollection, an
the live beetles then remaining, which were evidently unparasitized,
were destroyed. The mortality of unparasitized beetles through
unfavorable food and cage conditions was relatively high, though the
parasites matured satisfactorily even in beetles which had died during
the second larval stage of the parusite, instead of in the third stage as
is normally the case.

After the removal of the living beetles, the dead bodies remaining in
the boxes were sorted out from the moss with which they were mixed
and placed in open frays for drying, as considerable ammonia was
being generated through decay, and the Adapsilia s{ill in the larval
stage were permitted to pupate. When sufficient time had been
atlowed for this, the dead bodies were opened and examined for
parasite puparia, and to detect and eliminate the large proportion of
unparasitized beetles, the unconsumed body contents of which would
give rise to decomposifion gases in sufficient quantity to affect
seriously the vitality of the parasite puparia. In so far as possible
the puparia found were permitted to remain in the bodies and were
shipped in that condition.

SHRIFMENTS

From 1926 to 1928, inclusive, 17,662 puparia of A. flavisela were
shipped to the United States. The first year's consignment, of 6,420

uparia, was unfortunately held up in the mails and returned to
ghﬂlong several weeks later. It was then repacked and again for-
warded by mail, eventually srriving at the Riverten I&%omt.ory
slightly more than three months from the date of original sending.
As g result of this, and also because the puparia were packed too
closely and with insufficient means of ventilation, the consignment
was g total loss.

The 1927 shipment of 7,601 puparia was packed in small ventilated
rectangular tin containers 1 inch deep, with a layer of puparia between
two layers of fresh sphagnum moss. A number of such tins were then

acked in insect-proof wooden boxes of suflicient size to allow s 3-inch
Emyer of fresh moss to be packed entirely around the series of tins.
This consignment was 47 days en route irom Shillong to the United
States, having been kept at a reported temperature of 40° to 42° T,
on the steamer between Calcutta and Boston. Exemination upon
arrival revesled the puparia to be in good physical condition, with the
moss packing still appreciably moist.

The third sesson’s shipment, comprising 3,641 puparia, was packed
and forwerded in a similar way, being 50 days in transit ot a tempera-
ture of 40° to 50° F. en route. Upon exsmination, 74 percent were
estimated to be alive,
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PROBABLE VALUE OF ADAPSILIA IN THE UNITED STATES

A consideration of all factors bearing upon this parasite as noted
in its natural habitst in Indis points to o very low potential
value as s parasite of Popillia japonice in the United States. Its
favored habitat, as previcusly discussed, is markedly different from
that in which this hoss is found in its most destructive numbers in
the United States. Then, too, the greater part of the eggs are laid
in male beetles, particularly during the early period of aftack, g
habit in striking contrast with that of Centeter.” From the point of
view of reduction in host numbers, the ultimate aim in all parasite,
introduction work, the value of this attack on the males is nil. Fur-
ther, the longer period of larval development, as compared with that
of the other parasites of adult beetles studied, reduces its value still

i

FIQURE 10— ddupeitia flariseta: A, posterior spiracls of maturs Jorvas B, seegital section of anterlor spiracies
of :t;lird-instar Ineva; O, mouth books of third-insiar larva; D, postarior spiracle of second-instar larva;
E, the egg, X30.

more, by permitting oviposition by the host females for a relatively
longer period before death ensues. The three principal factors bearing
upon parasite effectiveness are therefore, in this case, of minimum
value,

CHARACTERS FOR DISTINGUISHING 'PTHE IMMATURE STAGES OF ADAPSILIA FLAVISETA

The egg (fig. 10, B}: Mature ovarian egg 1.4 mm long and 0.25 mm in maxitnum
width; laid egg 1.3 mm in lengih. Veotral side pronouncedly coreave, dorssl
side strongly arched, the anterior half of greatest and uniform width, tapering
fo & narrow point at the opposite end. Anterior end smoothly rounded, the
micropyle large and distinetly hy tton-shaped.

First-instar larva: Body 0.8 mm long, 13-segmented, of greatest width in the
mid-abdominal region, with the eaudy segments mueh narrower.  Segmentation
distinet. Mouth paris much reduced in size and not distinguishable under the
higher power of the binocular. Posterior spiracles simple zpd sessile. Derm
with many surface setae or papillae.

Second-instar larva: More robust in form than the first-instar larva, the candal
segments as wide ss the greatest body width. Derm with numercus pepiflae




90 TECHENICAL BULLETIN 266, U.8. DEPT. OF AGRICULTURE

at middle of each segment, extending around the body. Mouth hooks similar
40 those of the third ipstar, bub =maller. Anterior spiracles simple and very
amall. Posterior spiracles {fig. 10, D) separiied by their own width and set in
a distinet median posterior deprossion or eavity., Tracheal trunk branched at
the epirscle, forming two openings, one sbove tbe other, and surmounted by a
doreally dirested hook, the surface of which is fransversely wrinkled.
Third<instar iarva: Body very robust, in fact weevil-like in form, with the
dermm markedly glistening.  Brownish contents of digestive trect distinetly visible.
Mouth hooks (Ag. 10, J) as illustrated.  Anterior spiracles {fig. 10, B, saggital
section) slightly stalked and fan shaped, with the iracheal frunk extensively
branched, Posterior spiracies (fig. 10, A) very large, of three main lobes, with
& dorsally directed hook at the Inner dorsal margin, and placed at the dorsal
rim of the large median posterior cavity distinetive of the larvae of this family.
*Ventral lobe extending into the cavity, and the eniire surface of the spiracle

FIGURE 11.—Puparium of Adapsitic flariecta: A, Lateral wiew, X0; B, posterior view showing spiracles
and central depression, X25; O, sagpital section of posterior portion, X50.  {Parkur.)

curved through an are of approximately 180°, Heavily pigmented, the openings
being clear and distingt only in freshly molted individuals.

Puparium {fig. 11, A}: Length 8 to 10 mm, Distinctly keel shaped and much
the widest in the mid-abdominal region. Dark brown or reddish-brown, with
reflections dull. Anterior spiracles lnrge and stalked. Posterior spiracles three
lobed and placed at the dorsal margin of the posterior cavity, as shown in figure
11, B and C.

PARASITES OF THE LARYA
DEXIIDAE
DEXIA VENTRALIS ALD.

In view of the complexity of the host relationships of Dexig veniralis
in Chosen, and the danger incident to shippm% it in living grubs
other than those of Popij'lia japonica owing to the risk of an escape
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of these species, no shipments were made until 1925. In the mean-
time the establishment of Anomale orientalis, dutoserice castanee, and
Serica similis, three scarabacid beetles of Asintic origin, in the eastern
part of the United States made more possible the success of the
- importation by providing at least one of the alternate hosts thought
to be necessary 1n the annual cyele of Dexia.

This species is known to eccur in Chosen, Manchuria, and the
Malayan region, but extended observations have failed to revea) this
or any other species of the genus as parasitic in scarabseid grubs in
the coastal sections of China and in Igdia,

LYFE HISTORY

In the furiher life-history studies which have been made of this
species during 1924 and 1928 additional facts have beer revesled
relative to the host relationships of the species, and these were found
to vary considerably from year to year owing to the changing host pop-
ulation in the soil. In
ﬁgure 12 is shown the PITRITS S
developmental cycle /|
for 1924, starting with z N SECIOS
the overwintering lar- |
vae in the varioushost
grubs. In thatwinter
the young larvae were
largely contained in
grubs of Adiridiba ko-
reane N. and K., Po-
pillia castanoptera, and
Phyllopertha spp., and
0D eXAMNRGION In the g7 Z27 ime 722 J777 o v 7 S T AT 25

ear[y Sprmg they WeI'S  piappg 12 ~—Sensons] cycle of Derin rentrafis in different hosts in
foundtobein ahga]thy Chesen in 1924, Tha numbers refor to the successive broods of

and activeconditionin e ohi? omsontal riiad Frdon romrscns e summer Erabe
all of these hosts. As
time went on, however, it was found that those in Phyllopertha were
dying gradually, and in the end all disappeared without reaching natu-
rity.  Thosein Miridiba developed normally and pupated during May,
the first brood of adults appearing in the field late in May and during
the first hall of June. The progeny of these flies parasitized the
mature grubs of Popillia castanoptera, then available, and a second
brood of adults resulted late in July and during the first half of
August. The larvae produced by these females in turn found only
Serica grubs in suitable condition for the production of another gen-
eration, and the third and final brood of adults devcloping from them
appeared during September and the first half of October. The
progeny of these females were then distributed among the various
host-grub species, suitable and otherwise, occurring in the soil at that
time. It is thus seen that in the three-generation phese of Dexia
veniralis each generation develops in & different scarabaeid subfamily,
namely, Melolonthinae, Rutelinae, and Sericinae, respectively, the
overwintering host being listed first.

The cycle of three generations, however, represents only s por-
tion of the Dexia population. Those individuals overwintering in
Popillia are delayed in development and reach maturity and pupate

T I
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from the middle to the end of June, approximately 1 month later
than those in Mividiba, as the host attains the proper stage at a
later date, and consequently the adults appear in the field ot the end
of June and during the first 3 weeks in July. This is too late for the
production of the succeeding generation on the same host, as practi-
cally all have either pupated or already emerged. Thz enforced
alternative is therefore to attack directly the Serica grubs then avail-
able, and this sttack consequently tales place somewhat earlier than
that of the sccond generation from Miridiba. The adults of the sec-
ond brood from Popillis emerge somewhat earlier than those of the
third from Miridiba but persist for a longer period, the activities of
both being terminated by the advent of cold weather in the middle
of October. Thus, with Popillia as the winter host it s found fhat
only two generations & year are produced instead of three.

The complexity in the host relationships as just described and the
life eycle of the parasite result in the presence of adult {lies in varying
numbers in the field throughout the season. & is possible, however,
to distinguish the successive broods of adults by the numerical pealks
attained after emergence. The apparent first hrood, as distinguished
from the complete first generation, is numerically the greatest, while
the apparent second, which develops entirely {from Popillia, is m port
the actual first from those overwintering in that host and in part the
second from those overwintering in Miridiba. The apparent third
brood of adults is from Serica alone, representing the actual third
from the original Miridiba and the second from TPopillia.

This evident adaptability of Dexin to the conditions of the host
species, as opposed fto the previously cousidered obligntory alterna-
tion, enhances greatly the potential value of the species as a parasite
ol P. japonice in the United States. It appears improbable that the
alternnte hosts can be entirely dispensed with, and the presence of at
lenst one of these would seem to be essential to the attainment ef an
effective status against P. japonice. In general it may be said that
the advent of an obligatory alternate host into the economy of a
parasite species results disadvantageously unless the former is at
jeast numerically equal to the host to be econtrolled. The {actor of
numericel abundance of the host has a particular bearing in this
instance as determining dircetly the percentage of parasite planidia
which ultimately find hosts and develop to maturity. .

An examination of the habits of the lirst-stage Iarva reveals that it
exercises no apparent discrimination in the cholce of host grubs, and
that the foctor influencing the relative degree of attaclk upon the
various grub species is the physical character of the grubs themselves.
In conneetion with the hibernntion experiment in 1928, records were
made of the percentage of penetration eflected upon the various host
species in diflerent stages. Included in this series were grubs of
Popillia castanoptera, P, atrocoerulea Bates, Miridiba koreana, Phyl-
Iopﬁagm sp., Plyllopertha spp., Anomale spp., snd Serica spp. Two
methods of securing parasitization were used, those of dirvect applica-
tion of planidia to the grubs by brush and the caging of gravid females
over soll containing grubs.

Under identical conditions a marked variation was noted in the
percentage of grubs containing planidia after & certain period in the
cages or the inoeulation blocks, In the inocudation ecells, with from
5 to 10 planidia placed directly upon each grub, which was then cov-
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ered with soil and confined therein for 2 days, the genersl rate of par-
asitization was good with both species of Popillia, with Miridiba
koreana, mature Serica, and second and early third stage Phyllophaga,
medium in the smaller species of Anomala and early second-stage
Serica, and very poor in the large Anomala and in third-stage Phyl-
lopertha. The extremes in results were represented by an 18 percent
parasitization of the larger Anomals as contrasted with an &5 percent
parasitization in the second and early third stages of Phyllophaga.
1% is very evident that if this result is indicative of preference or
greater physical suitability, then the instincts of the larvy are greatly
at fanlt in choosing above all others s host species in which develop-
ment to maturity eannot possibly occur. An examination of this
series of grubs, however, indicated that the relative thickness aud
toughness of the integument of the host grubs is the determining
factor. The larger Anomsla has an exceedingly heavily chitinized
Integument, its surface covered with mumerous setae, as compared
with the very thin and bare integument of the second and early third
stage larvae of Phyllophaga. The other species listed may be con-
sidered as intermediate between these two in this respect. The lower
percentage of parasitization of early second-stage Serica, as compared
with the mature grubs of the same species, is attributed, not to the
above-mentioned factor, but to the very small size and great activity
of the young grubs themselves in relation to the space and volume of
soll in the mnoculation cells. Their activity results in the planidia
being quickly brushed off the body, and the relatively far greater
volume of soil present then renders the finding of the grub again cor-
respondingly more difficult. Also there is a lack of ntersegmental
sutures on the body to provide the more ready points of enfry.

Two principal mortality factors are involved in the life of the early
larval stages in the Lost, the frst being the defensive reactions set up
by the host body, largely represented in this instance by Phyllophaga,
and second, the molting of the host, resulting in injury and death to
the parasite. In unsuitable hosts death is brought about by phago-
cytic action und occurs largely in the first larval stage, and occastonally
in the second. The respiratory funnel attachment to the host derm
is broken after death, and the body of the parasite becomes & darkened,
encysted mass imbedded in the host tissues near the orivinal point of
entry. In the molting of the normal hosts some of tﬁa larvae are
Idilled, but their death does not inevitably follow, the general result
being merely the loss of the respiratory funnel with the host exuvium,
the larva remaining with its posterior end fixed in the aperture in the
}ntegtlment of the succeeding stage, and eventually forming another

unnel.

As In Prosena sibirita, it has been determined that although the
normal condition is for the larve to attain maturity and pupate only
in grubs which themselves are undergoing histolytic action preparatory
to pupation, yet this is not an essential condition, and the changes and
development to maturity can be sccomplished in immature host grubs.

REARING AND BEIPPING METHODS

The breeding work in preparation for shipment to the United States
was started in 1925. Grubs of Popillie japonica only were used, and
these were shipped south from Holdkaido to Fukuoks in Eyushuy, to
which place the Dexia females from Chosen were also forwarded.
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This was made necessary by the fact that P, japonice dees not oceur
in Chosen; consequently the risk of its sccidental introduction mto
that country coul& not be taken. The supply of P. japonica grubs of
the proper stege of development was very Iimited, that year {1925)
being the one in the bienmisl eyele of the beetle in which all grubs
pupated and emerged. By the time g sufficient supply of gravid
femsjes of Dexia was available, lute in June, a very high percentage
of the grubs collected had developed beyond the stage of usefulness
for parasitization.

The following year (1926) the {all brood of adult flies was used for
the artificial parasitization of 2,500 native grubs, largely P. castanop-

terg, and bhese were placed in hiber-
nation quarters under sod during
the winter. They were dug up 2
the end of the following April and
yielded 115 puparia, 130 mature lar-
vae,and 699 Jarvae still within the
living host grubs.

In 1927 it was arranged to utilize
the native grubs in Choesen as hosts
during shipment, special precau-
tions being taken in packing and in
handling on arrival to eliminate any
possibility of escape. Breeding
work was carried on with females
eaged oversoil containing grubs, eand
by placing planidie dissected from
gravid females on the grubs, the
method previously perfected for use
with Prosena in northern Japan.
From the first brood of flies 1,200
females were dissected and the pla-
nidia. obtsined placed upon 8,824
grubs, 4,463 of which were success-
fully parasitized.

W{iifjix the seconﬁi grood ﬂrﬁ flies c{;he

- breeding-jar method was adopted as
Fieuns Io—Dreeding for ised In the barash  eing less laborious and less waste-
ful of the parasite supply, which
was not so great as in the preceding generation. One-quart glass jars
were fitted with copper screen cages (fig. 13), and 20 to 30 grubs were
placed in soil in the bottom of the jar and 5 or 6 flies in the cage above.
The grubs were examined daily, and those showing parasite penetra-
tion, as evidenced by the respiratory funnel attached to the derm,
were removed. By this method 6,060 grubs were parasitized by 492
Dexia females. It was found in this and the later work that & general
average of 1 to 1.5 suceessfully parasitized grubs a day could be
obtained from each fly.

Experiments were conducted in the shipping of field-collected
fernales from Chosen to Yokohams for use in breeding work there.
In a gonsi ent of 200, which was 2 days in transit, only 3 were
found dead on arrival. The shipping containers were the same as
those used in forwarding scoliid adults to the United States (fig. 16),
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the only change being the substitution of soil for moss in the bottom
of the tins; thus ary planidis deposited en route would be alive and
could be used on arrival. The maximum length of life of the flies
shipped was 19 days during relatively cool weather,

he life of the planidia in the soil was found to be shorter than had
been supposed. Relatively fow grubs were parasitized afier the
fourth day, though a few parasitizations were obtained up to the
seventh day.

BHIFMENTA

The first consigninent of parasitized grubs was forwarded in 1925,
consisting of 850 of P. japonice; this was followed by 8,624 of various
suttable Losts from Chosen in 1926, sand 864 of the saume and of
already-formed Dexia pupsria, with 10,986 grubs of P. castanoptora
alone 1n 1927. The duration of the life cycle of the parasite is such
that the majority of the flies are in the pupal stafe and ready for
emergence on arrival at the laboratory in the United States.

Proseya sIBrnira (Fam.)

FIELD OBEERVATIONB

The dexiid Prosena sibirite is an important parasite of the grubs of
Popillia joponiea in northern Japan. Elsewhere, however, even
though adults may be observed in abundance, only an occasional
ind:"iwdual of the various species of Popillia can be found containing
its larva.

This species is generally distributed throughout the entire Asiatic
and Malayan regions, und adults were commonly seen during the
course of the investigations in Chosen, Ching, and India. In northern
Japan it is primarily a parasite of P. japonica, normelly effecting a
field parasitization of from 10 to 15 percent, and it also occurs to a
lesser extent on Anomala and Serica.  In Chosen an occasional larva
wes found in Popillia and in various sericine grubs, whereas in China
ne record of the species as o parasite of any of the Popillia ocourring
there was made during the 4 years of investigation in that country.
In Indin it was noted that a very few ficld-collected grubs of P. cupri-
collzs contained Prosens larvae, but by far the greater number of the
parasites were found in the various species of Serica.  In Java Prosene,
sibirita is recorded as a parasite of Adoretus.

+ As o result of the earbier studies upon the habits of Prosena sibirita
in porthern Japan it had been concluded that the final stages of
development of the larva could take place only in host grubs which
themselves were undergoing histolytic action preparatory fo pupation;
and this conclusion was borne out by the time of appearance of the
adult flies, which in that section appeared in the field about 2 weeks
after the time of emergence of the host beetles, and persisted until
Septemnber. It has since been found, however, that this condition is
not essential, even though normal, as some larvae complete feedin
and pupate {rom smaller grubs which would otherwise carry over u.ntﬁ
the following season before attaining matarity.

At Shillong, India, the earliest observation of adult flies in the
field was April 9, when several females were seen feeding at the
blossoms of apple, and they were present continuously from that date
until the end of September. Those which were reared from Popillia
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cupricollis emerged at the end of June, and those from Sericn in July.
The parasitization of the latter host at this time was found to
approximate 25 percent.

During the earlier investigations on this species at Koiwal, Japan,
it was noted that there were three forms of adulis of Prosena in the
field, differing appreciably in size, coloration of the abdomen, and
somewhat in the time of appearance. It was assumed at that time
that these represented distinct species, and their hosts had been
determined as Serica sp., Popillia saponica, and Anomala sp., respec-
tively, in the order of size of the adult flies. Aldrich, however, has
made repeated examinations of all characters of these forms, including
the genitalia, and declares them to be specifically the same. The
intermediate and smaller forms only were noted at Sapporo, whereas
in Chos:n during the late summer only the large form is fo be seen.
The variation in the size of the three forms and their differing times
of emergence could result from corresponding differenges in th~ hicst
specles, but the distinguishing coloration of the abdomen of these rorins
can hardly be exploined on the same basis.

BREEDING AND BHIPPING METHODB

During the first two seasons’ investigations upon Proseng sibirite
{1921 and 1922) a method was devised whereby host grubs in large
numbers could be artificially poarasitized with the first-stage larvae
taken from the ovisaes of the gravid females, and these grubs then
shipped immediately. In the following 5 yewrs this mcthod was
abandoned in favor of the forwarding of field-collected grubs, which
showed a general parasitization each year approdimating 10 to 15

ercent. (%ollections were made in Hoklaido in the early spring and
orwarded in late May, so as to arrive at the laboratory in the United
States just before emergence. This method proved satisfactory, as
the emergence of adult parasites was estimated at 70 percent of the
original parasite content at the time of collection. The cost involved,
however, was considerable as, aside from the cost of collection and
crating in Japan, each consignment of grubs (25,000 to 50,000 packed
in soil) mnvolved a heavy expenditure for transportation.

Because of the cost handicap, as explained above, the artificial
parasitization of grubs in the late summer and fall was again talen
up in 1927. Instead of being shipped immediately, however, these
parasitized grubs were placed in a prepared seil plot, well drained and
covered with sod, where they were left for the winter, To prevent
the grubs wandering awny, the plot was inclosed to & depth of 18
inches in Ane-mesh screcn, the surface being also covered with the
same materinl to prevent loss by rodents and birds.

When the parasitized grubs were overwintered as above, the pro-
portion svailable for shipment the following spring was approxi-
mately 60 percent. Owing to their high parasite content, the shipping
cost was thus reduced to about 20 percent of the previous cost of
shipping an equal number of parzsites,

The shipping containers used in the earlier consignments provided
about 3 cubic inches of soil and grass roots for cach grub, the cases
being separated into compartments by cross-sectlon sets of wood,
zing, or tin., The shipments of 192728 were contained in tin-lined
boxes 1 fool square and 6 inches deep, inside, each containing five
cross-section sets separated by tin plates and providing o compart-
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ment of approximately 1 cubic inch for each of 500 grubs. Ii was
found unnecessary to provide grass roots for feeding in irapsit, apnd
the soil used was first thoroughly screened and theu fumigated with
carbon disulphide to elimins’2 any other soil-inbabiting insects which
might be present.

SHIPMENTE

From 1821 to 1928 13,600 srtificiclly paragitized grubs and 159,000
collected in the field, the latter having a genersl parasite content of
about 10 percent, were shipped from northern Japan to the United
States. Iz addition, 40,596 grubs were ariificially parasitized in the

- of 1928 and pleced in winter gquarters, to be forvarded
the following sesson.
SCOLIUDAE

During the course of the investizations on parasifes of Popillia in
Japaxn, Chosen, China, and India during the period from 1920 to 1928,
inclusive, & large number of scoliid species, prineipally Tiphia, were
found to attack the grubs of this genus. The habits of these species,
25 well as these of many on other scarabaeid genera, have been
infensively studied.

In general the conclusion has been reached that, under couditions
such 83 exist in agricultural sections in Asia and in the United States,
Tiphia is unable to achieve the role of an important controlling factor
in the economy of its hosts. In the ease of a great many species of
Tiphis localized infestations have heen observed n whici relatively
high percentages of host grubs were attacked, but none of the species
has been seen to occur in numbers sufficiently great throughout the
entire host habiiat to exert any appreciable check upon it. There
is litte basis for hope of greater effectivencss by any onme species
under the conditions existing in the sections of the United States
now inhsbited by Popillia, though there may be some possibility that
the agaregate effect of a series of species mighs coniribute appreciably
to its ullimate control

One of the main limiting factors bearing on Tiphia is that of the food
supply of the adults, which is derived from three general sources—the
honeydew secreted by aphids and other bugs,the blossoms of various
planfs, particularly Unbelliferae and Polygonaceae, end the nectar
glands associated with the foliage of certain plants, such as Polygonum
and sweetpotato. The spring species in geveral feed upou insect
secretions, the supimer species on these and also at various blossoms,
and those cecurring in the fall at blossoms and nectar glands. It is
thus evident that the msintensnce of 3 large Tiphia population
throughouk the season is entirely dependent on the presence of aphid-
infested plants and of the various weeds bearing suitable blossorns and
nectar giands. This condition is in opposition to the best agricul-
tural practice, which involves the elimination of weeds and the control
of such bugs as infest cultivated crops. These latter may occur in
limited pumbers, bub again they may be entirely absent over large
- sreas heavily infested by the beetle.

Tn only a single instance, that of Tiphia meturs in India, has a
scoliid been known to have its normal source of food supply at an
appreciable distance from the bost infestation, and to continue i
conditiop from: year to year, The more usual development n the
event of failure of tha local food supply is mass migration {o apother
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locality for oviposition as well as feeding. Even with the food supply
available in the immediate vicinity, the fluctuation in numbersin a
given locality from year to year is very great.

Another factor atlecting Tiphia adversely in eultivated sections
is the destruction of the cocoons through soll coltivation. Were the
mortality of host grubs proportionately as great, the numerieal reduc-
tion wounld have no serious result, but such is not the case. Very
few Scoliidae are able to reach maturity and emerge where the soil
cell in which the cocoon has been formed is broken. 'This factor is
of little consequence in relation to Scolia or Campsomeris, as with
these genera the host grub is usually buried and the cocoon 1s formed
considerably below the customary depth of cultivation.

The host relationships of the various species of Scoliidae parasitic
upon scarabaeid grubs have been found to be generally within generic
rather than specific limits. In any given locality, however, each
species confines ifself very largely, and at times entirely, to a single
host s?ecies. This apparent specificity may be obligatory, as in the
case of Tiphia popillinvora in Japan, where 1% is due to the presence of
only the one species of the host genus in the locality, though it may
extend o different hosts in gther regions.

The life cycles of the species of Tiphia occurring in the Temperate
Zone are similar, there being usually a single generation each year,
and the winter being passed within the cocoon in the soil. Compara-
tively few of the species that occur in the warmer localities produce
2 generations anuually, though as many as 5 or 6 may deveiop under
optimum conditions in the Tropics. The dormant stage in temperate
v gions may be either the mature larvs, the pups, or the adult in the
cocoon, the latiter bejng the case with those species that emerge early
in the spring, and which presumably would produce a secord genera-
tion annually under slightly more favorable conditions.

In oll of the species of Scoliidee studied, eomprising the genera
Scolia, Campsomeris, and Tiphia, the egg position Onuiie host grub
has been found to be & specific constant.  In figure 14 this position
is illustrated for all of the species discussed in this bulletin.

CAMPROMERIS ANNULATA FAB,

GENERAL ORSERVATIONE

While there was counsiderable doubt regarding the ability of
Campsomeris annulata to adapt iself successiully to Popillia japenica
as & host in the United States, yet the comparative facility with which
it could be secured in numbers permitted an exfensive experimental
program in 1925 and 1926. The native hosts of this widely distrib-
uted scolild are usually the grubs of the larger ruteline species,
particalarly species of Anomala and st times Phyllophaga diomphalia
Butes, and its range in host groups is considerably greater than is
found in Tiphia. Under American conditions it was hoped that af
least one of 1ts multiple generations would develop upon P. jeponica.
However, the large-scale importations and eolonizations have appar-~ -
ently failed of establishment.

The life cycle under experimental conditions varies counsiderably
with chenging temperatures. In Chosen in midsummer the durations
of the stages were 2% days for incubation of the egg, § days in the
larval-feeding stage prior to the formation of the cocoon, and 21
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days in the cocoon. These fizures may be taken to represent the
minimum developmental cyecle of the species.

In Japan and (%hosen there are apparently three generations a year,
the winter being passed largely in the pupal stage 1n the cocoon. In
the coastal sections of China an additional generation is produced.
In Chosen the first adults were seen in the field April 30 and persisted
throughout the season, the broods being largely intermixed, and the
last of these most abundant during October. In China the first
individuals were talken on March 8; the first brood was at its peak
during the middle of May, the second in the latter part of July, the
third at the end of August and in early September, and the last at
the end of September and in the first half of QOctober. There are
some indications that a portion of the last brood of adults hibernates
during the winter in that stage, but this point has not as yet been -
demonstrated conclusively.

The adults feed exclusively at various blossoms, particularly those
of thistle, wild carrot, white clover, Vitex negundo, and goldenrod,
and never on the liquid excretions of insects. The females are seen

iphiz communis
iTirhin ciausenl

Tiphia ovidorsalis
Tiphia fotopunctata

Tipkia malayans (China)

Tiphie biseculptn
Tighia vernaliam

iyhia aseamenspip
Tiphia pullivors

Tiphia egilis
Tiphia bicarinata
Tighia brevilineata

Tiphia popilliavora

[JTiphia notopolita alleni
Tiphia Bp.

Tiphia asericae

Tiphia matura
Tiphia notopolita

Fi16orE 14 —The position of the eges of varigus Scoliidas on the host prub.

largely during the morning hours and until 1 p.m., the males
predominating during the afternoon.

REARING METHODE -

Owing to the permanent paralysis of its various host grubs at the
time of oviposition by Campsomeris, the methods of rearing and ship-
* ping the immature stages differed considerably from those employed
with Tiphia. In Chosen 1,000 ovipositions were obtained in 1925,
though with some difficulty, as the females did not oviposit readily
in captivity. During the epp stage there was considerable loss
through the death of host grubs and from the parasite egg bein
rubbed off by relatively slight movements of imperfectly parslyze
hosts. The 1,000 ovipositions finolly resulted in 219 cocoons being
formed. Bimilar methods employed in China gave much better
results.




30 TECHNICAL BULLETIN 366, U.S. DEPT. OF AGRICULTURE

In the following season’s work, both in Chosen and China, individ-
ual clay cells were used for shipping purposes, the paralyzed grubs
being placed therein as soon as the eggs had hatched. These cells
were first soaked in water, the grubs were inserted with a small quan-
tity of moist moss, and the cells were corked. The cells were then
packed in wooden containers, with a considerable quantity of moist
moss, and immediately forwarded.

The proportion of cocoons formed in the cells en route ranged from
10 to 53 percent, the most successful shipments being two small
lots from China m 1926 yielding 46 and 53 percent, respectively.
The general average, however, was low, and in view of the success
attained in shipping adult females the more laborious rearing method
was ebandoned.

It is interesting to note that o variable proportion of the parslyzed
grubs forwarded upon which the parasite larva did not develop were
stil} alive on arrival in the United States. The maximum percentage
of these in any one shipment was 75, and these were examined
approximately 30 days after parasitization.

SHIPMENTS

Theshipments of €' annulata forwarded from 1923 to 1926, inclusive,
comprised a total of 348 reared cocoons from Chosen and China,
6,416 parasitized grubs in cells from Chosen and China, of which ajl
but 219 were fromn the latter country, and 31,060 adult females from
Japan, Chosen, and China, by far the greater number of these also
coming from China. In all the shipments in 1925 and 1926 the best
results were secured from the early second and the third broods of
adults. October collections gave the best percentages of survival
but were of no value on arrival owing to the lateness of the season.
A general average of 13.6 percent of all of the females forwarded,
representing all generations, were alive on arrival, these numbering
4,219. The highest percentages of survival were in two consignments
forwarded frem Shanghai in October 1925, amounting to 78.3 and
82 percent, respectiveT . The duration of the collecting period prior
to shipment was 7 to 15 days, followed by 14 to 17 (Tays en route
from Japan and 21 to 27 days from Ching,

Table 2 is a summary of the records for the various shipments from
Japan and China, arranged according to the month of eollection and
shipment, and giving the totals and percentages of survival.

TasLe 2—Summary of shipments of adulls of Cempsomeris annulata, 1925-28
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TipHIA POPILLIAVOERA Rom.

GENERAL OBBERVATIONS

In Japan, Tiphia popillicvora was found ip sbundance at Koiwai,
Twateken, in 1920, and breeding work was conducted in that locality
for several years.  With the exception of those from this locality, and
the record of three individuals taken at Yolohama in September and
October, 1921, not 2 single specimen of the species has been collected
in the islands of Japan Euring the eight years the Investigations have
been in progress. This very localized “distribution is surprising in
view of the wide distribution, under greatly differing climatic condi-
tions, of the host. The present known range of distribution of the
species, outside of Japan, extends to Suigen, Chosen, and Penniu and
Hangchow, China, and in these countries also the same markedly
localized distribution oceurs.

In the previous publication (6) a fairly extended account of the
life history and ]mll:its of T. popilliavora, as determined at Koiwai,
was given, and the additional data here presented desl with the species
01}l other hosts, and under different climatic conditions, in China and
Chosen.

On the basis of the taxonomic studies of Allen and J aynes (3, p. 43)
on the Asiatic Tiphia, based largely on the collections made during
the course of this parasite project, 7. popilliavora is represented by
three strains, or races, which oceur in Japan, Chosen, and China,
respectively, and present only very slight morphologicai differences.
The Japanese race is parasitic on Popillia japonica alone, the
Chosenese on P. atrocoerulea snd P. castanopiera, and the Chinese

raceon P. formosana Arrow, P. chinensis, and others of the same genus.

LIFE HISTORY AND REARING RECORDS

In time of emergence in the field the northern-Japanese form
ordinarily appears first, oceurring from August 15 or 26 to the middle
of September, whereas 1u Chosen the duration of the period is of about
the same length, but the first appearance varies from year to year
between the middle of August and the middle of September. In
Ching (Penniu) the adults appear the Iatter part of September and
persist until the middie of October. Thus in these localities the period
of adult presence in the field is during the few weeks immediately
preceding the cooler period of fall, which naturally begins earlier in
northern Japan than m the more southern latitudes,

The egg is placed ventrally between the fifth and sixth abdominal
segments, and this position is constant for the Japanese and Chinese
forms, but at Suigen, Chosen, as a parasite of Popillia atrocoerulea,
the more general position is between the sixth and seventh segments.

A comparison of the rearing records of the respective races reveals
several points of interest. Upon Popillia japonica at Koiwai, Japen,
the maximum number of eggs obtained from a single female was 47,
the general average being less than 15 for the several hundred in the
breeding series. In contrast to this, a female collected af Penniy,
China, ﬁeposited the surprising total of 115 eggs on grubs of Popillia
spp., and a series of 46 females averaged 54.9 eges ench. The averages
forbiahe entire series in Chinn during the three years are shown in
Table 3.
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TaeLe 3.—Rearing records of Tiphia popilliavera oblained at Penniu, Ching,
1

=

Ratlo of
[es wiiat
per 5
for: io ovi-
ale positions

Epps Avernge
laid

Number | Number | Numb
482 , 307 .
464 ,
513

It will be seen that the average number of eggs per female ranged
from 23.5 to 30.8, as confrasted with less than 15 for the Japanese race.
In the percentege of cocoons formed from the total of ovipositions
the records are 41 percent for Japen in 1922, 21.4 and 25 percent for
two series in Chosen in 1925, and, contrasted therewith, 58.9 o 68.9
percent of the much greater oviposition totals in Chine, under similar
resring conditions.

1t is evident that the Chinese race of Tiphia popillicgvore hes nearly
double the reproductive capacity of those in Japen and Chosen, and
considerably in excess of the generally accepted average for the genus.
In the percentage of ovipositions which yielded cocoons is found also
an indieation of greater adsptability in overcoming adverse environ-
mental conditions.

In view of the apparent superiority of the Chinese race in fecundity
and growth it might be expected that the field parasitization of the
host species would be correspondingly greater. This, however, does
not appear to be the case. The Japanese race at Koiwal, though of
Limited range, was found to eflect a parssitization of approximately
20 percent of the host-grub population each year, whereas in Chosen,
in 1925, the parasitization in a relatively small number of grubs
brought in was 10 percent, this representing the maximum noted for
that section during the course of the investigations. At Peanip,
China, the field parasitization was found to be only 3.5 percent in 1926,
as determined by ap examination of over 15,000 grubs brought in
during the course of the breeding work. Although the foregoing
figures do not fully represent the field effectiveness of the species,
owing to the fact that a portion of the collections were madz early in
the oviposition period, yet the conditions were very nearly similar in
the various fields, and the percentages given are felt to represent
closely the relative extent of parasitization achieved,

As an illustration of the effect of temperature on the development
of the early stages of Tiphis, the data at hand regarding T popilliavora
in its various localities may be cited. At Koiwai, Japen, in late
August and early September the egg stage covered 8 days and the
larval stage, to the formation of the cocoon, 18 to 30 days, whercas
at Yokohama these were 4 and 14 days, respectively, with a maximum
temperature range during the period of development of 80° to 97° F.
In Chosen in early Sepiember this was further reduced to 3, and 11 to
12 days, respectively, under high-temperature conditions. At Penniu,
China, the combined egg and larval stages covered 22 to 24 days at
normal temperatures, while in a heated laboratory at from 60° to 70°
only 15 days was required,
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BHIPMENTS

Very extensive shipments of reared cocoons of T. popilliavora were
made from Japan in 1920 to 1923, and from China in 1925 to 1927,
inclusive, and a very small number also from Chosen. 'The shipments
of recent years have been utilized to strengthen the already-established
colonies in New Jersey and to extend the distribution to the outlying
areas of the beetle infestation., In 1925 and 1926 consignments of
adult females were also forwarded, but the percentage alive on arrival
was exceedingly low, as compared with that secured with those species
emerging in the spring and early summer.

During the period from 1920 to 1928, inclusive, 2,249 adult females
were shipped from Japan, and 30,134 cocoons from Japan, Chosen,
%?:i’ln China. Approximately 25,000 of the latter were from southern

2.
Trea1A VERNALIS Rom.

GENERAL OBSERVATIONS

The life history and general habits of Tiphic vernelis have been
fully treated in the previous publication (6), but additional data are
now avallable regarding its distribution and host relationships.

Through the determination of miscellaneous material collected in
the field the species is known to oceur in small numbers at Yokohama
and Asakawa, Japan, and at Kuling, Zehsah, Hangchow, and Zakow,
China, in addition to the original locality of discovery at Suigen,
Chosen. The range of distribution is thus comparable to thaf of
Tiphia popillicvora, as is also the marked localization of the infesta-
tions.

The original finding of this species in Chosen indicated its normal
host in that country to be Popillia castanoptera. The few individuals
collected in Japan in 1920 and 1921, now determined as Tiphia ver-
nalis, were at that time tested upon P. japonica and found to parasit-
1ze it readily, but the very small numbers available prevented any
further work being done on them. In view of the fact that P. japonica
is the only representative of the genus occurring in the localities in
which the Tiphia specimens were collected, it may be assumed with
some certainty that this is the normal host in Japan. In Cbina the
species known to be attacked are P. chinensts and several others of the
genus. Under field conditions in 1923, 1924, and 1925 in Chosen 7.
vernalis was found to parasitize approximately 10, 6, and 10 percent,
respectively, of the grubs of the preferred host, P. castanoptera.

LIFE-EIETQORY NOTEB

In Chosen the duration of the egg and larval stages, to the formation
of the cocoou, was found to be 7 to 13 days and 20 to 25 days, respec-
tively, dependent upon temperatures, which vary greatly from the time
the adults first appear in early May until the completion of develop-
ment of the larvae in early July. From eggs scoured at Zakow, China,
in late April and early May, 1926, it was determined that the two
stages covered 9 and 10 days, respectively, in thas section—a very
appreciable difference from that given for Chos:e_n and one which may
be attributed to very high temperatures prevailing during the period
of development of the larvae. ) . .

The daily oviposition rate of T. vernalis in the breeding cages is
relatively Jow, averaging slightly less than 0.5 egg per day per female

187713°-33-——3
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over a period of about 1 month, as compared with the 1.5 eggs per day
of T. popilliavora during a period of approximately 3 weeks. In the
production of cocoons 513 yearly average ranged from 40.6 percent
of the ovipositions in Chosen in 1923 to 56.6 percent for a small lot
in China 1 1926.

BEIFMENTS

During the years 1924 to 1927, inclusive, 21,455 cocoons of Tiphia
vernalis were reared and shipped from Chosen and 234 from China, and
from 1926 fo 1928 the shipments of adult females from Chosen
totuled 21,442. The much greater success resulting from the forward-
ing of adults rather than cocoons has led o the abandonment alto-
gether of breeding work on this speeies.

In the shipment of adults of this species it was found that the highest
percentages of survival were secured in those consignments which had
been collected soon after the emergence of the wasps, when they had
mated and become fully fed on their normal food, yet had not accom-
plished any extensive oviposition. The survival figures for the
various shipments are given in table 4.

Tasre 4. —S8ureival of adults of Tiphin vernalis during shipmeni from Chosen lo the
{niled Stales, 1826-28

b
PR Addults Adults surviviag
i Shipmeut shipped shipmoent

‘ Nunber E Prereent
First Shpment o.ooooo oo icavonaonood] 1 | 0.9
00 e Sacond shipment R LB 43 l 2.8
|"Third shipnent .. LE 33 7.3

1907 [ First shipmenl... ... L5828 7.3
D AL LTI CLLETER ; %qcofdb?iamm?m,..‘. e, BEBT 2 j;g

t{ First. shipmen i X . 2,

100 e e !“ ls};ipmcm o mbumsiamaosams 3 b 4.0

i
Tolnlnruvemgc._._._-.|.........,.,,...._______._...__.._._._.....__' 2y \ 33.7
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Tirnia mAaTORA A, AND J.
GENBRAL OBSERVATIONS

The first of the natural enemies of Popillia to be encountered in
India was Tiphic mature, which was found in varying numbers in the
hasi Hills of Assum in the district smrounding Shillong, at an eleva-
tion of 4,800 to 6,400 feet. Its normal hosts are the several spring and
early summier species of Popillia, principally P. supricollis. i .

During May and June, 1§25, grubs were frequently brought in which
bore Tiphia eggs ventrally between the penultimate and last segments
of the sbdomen, but very few females of species with the habit of
placing the egg in this position could be found; in fact, only seven
were collected during this first season. )

As investigations in 1926 and 1927 revealed new collection arcas,
an ample supply of females was available for the breeding work., The
arcas where these were found in numbers were widely separated and
apparcntly determined primarily by the food supply, this consisting
of the fluids voided by aphids and other bugs. On the other hand, the
more extensive breeding areas were in sparsely planted pine forests in
which the branches of the trees up to sbout 20 feet had been removed,
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and the undergrowth was light, owing to its being cut each year. The
soil in these localities is very gravelly and well drained. A maximum
field parasitization of about 20 percent was observed, based on a count
of grubs bearing eggs or larvae, and of fresh cocoons in the soil.

The wide separation of the breeding and feeding areas of this species
is in contrast to the condition existing with respect to the other species
of the genus which have been studied, as it had previously been con-
cluded that the flight capabilities of Tiphia in general were relatively
Lmited. The number of parasitized grubs in the soil in the aress
where the host grubs occurred in abundance was out of all proportion
to the number of Tiphia females which could be found there. = These
main breeding grounds of the bectle were situated at an elevation of
from 5,000 to 5,200 feet in very hilly country, and were bordered on
one side by a range of heavily forested hills 1ising to an elevation of
6,400 feet. It was only after extensive scouting that the feeding
grounds of the parasive wers found, and these were finally located dt
the crest of the range of hills several miles awa , and at the border
between the forested area and the largely uncultivated plateau dis-
trict beyond. Aj the margin of the forest was a considerable growth
of shrugs of various kinds heavily infested with aphids. Here the
Tiphia congregated from 8 to 11 o’clock each morping in large num-
Eersﬁ and it was possible to collect several hundred on a single smali

ush.

The uncultivated plateau area previously mentioned appeared to be
an ideal locality for the development of Popillia itself, and it was at
first thought that the Tiphia collected at the border were attacking
grubs in the immediate vicinity., A search during scveral seasons,
however, failed to reveal more than an occasional individual of any
Lost species in this locality, or in any other nearer than the pine
forests in which the parasitized grubs had previously been found in
numbers. 1t appears surprising, in view of the known habits of other
members of the genus, for the females to travel through several miles
of forest to an elevation nearly 1,000 feet higher for feeding and then to
return for oviposition, but extended observations through several
seasons substantiate the conelusion that these are the facts in the ease.

LIFE HISTORY

There is & single generation of Tiphia mature each year, and the
winter is passed in the adult stage within the cocoon in the soil. In
the 1927 shipment of cocoons, arriving at Riverton, N.J., November 7 s
a considerable number of adults had emerged en route, and in the
field a few may be found during the fall months of the warmer years.
This species is evidently one whicl, under slightly more favorable
climatic conditions, would produce two [ull generations each year.

The seasonal otcurrence of the adults is dependent to a. large extent
on the time of the first spring rains. In 1927 the first individuals
were found in the last week of April, the peak of abundance being
nttained during the third week in May. In 1928 it was very warm dur.
ing the early spring, and the first rains fell during the middle of April.
As o result the parasite began tuv emerge very much ecarlier than in
the preceding season, the first females being” collected on April 11.
They were present in considernble numbers from April 16 to 20, at
which time & sex ratio of 25 females to 1 mule was noted—an abnormal
condition, as with most species the reverse is true during the early
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part of the emergence period. After that date & decline set In owing
to the cessation of the rains., The proportions of the sexes then be-
came approximately equal. Ipcreased emergence took place from
May 1 onward, the peak occurring about May 12, and collection was
continued until June 7. The adults were thus present in the field
approximately 2 months, & considerably longer period than with the
majority of species of Tiphis. It is probable that the long period of
life and the reletively slow rate of oviposition are due to the previously
discussed habit of traveling long distances for food, which does not
pertnit of daily visits to the breeding grounds.

The egg of this species is placed ventrally on the abdomen in the
groove between the eighth snd ninfh ahbdominal segments and near
the lateral margin. ’Jg.:he manner of feeding of the larva, and its
development, corre-
spond in all respects
to those of other spe-
cies studied.

COLLECTION AND REAR-
ING HESULTB

In 1926, the first
season in which ex-
tensive work was un-
dertaken with this
species, 8,005 oviposi-
tions were obtained.
These resulted in the
formation of 2,712
cocoons, of which 470
were discarded owing
\ to attack by fungus.
T A N From May 5 to
PalM ~T June 17, 1927, 12,606
oL ~] femaleswerecollected

XTI C I B BT S &y  and from thesed4,562

R AR wmE  ovipositions were

FtaURE 15.—Numbers of ferales of Tiphia“maturn in the rearing tins obtained, resulting
g}:g%: %?e:?odnfh& daily reeords of ovipositions Gower curve) dur- ﬁn a]ly in the Pro duc-
tion of 13,407 cocoons.

Figure 15 shows the number of females of Tiphia mature in the
breegi_ng cages nach day during the period in 1928 in which they could
be secured in numbers in the field, and the daily record of ovipositions
cbtained from them under laboratory eonditions,

The collection work was started on April 13 and continued daily,
with the exception of 5 days of heavy rain, until June 7. The
maximum number of females in the cages at one time was 5,054 on
May 14, which date, or & few days earlier, represented the numerical
peak of female abundance in the feeding areas. The greatest number
of egps deposited in a single day was 2,467, from 4,033 females, and
the number of ovipositions from 12,518 females duﬁng this entire
period was 53,897. The genera! average was 0.39 egg per day per
female, as compared with 0.27 in 1926 and 0.4 in 1927.
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From these eggs, largely upon Popillic cupricollis, there was finally
obtained a total of 16,249 cocoons, a percentage of 30.1, the same as
in 1927, as compared with $3.9 in 1926.

The methods of rearing Tiphie mature in the laboratory were in
general the same as those previously employed with various other
species in Japan and Chosen, except for modifications in the handling
of the grubs following parasitization. The soil available for use in
the breeding trays dried out and pulverized very quickly, and the
direct application of water to these trays during the devef:)pment of
the Tiphia larvae often resulted in some loss through the collapse of
the grub cell. This was prevented by the use of burlap covers over
each tray, which were soaked in water at necessary intervals. This
rmoisture seeped down into the soil in & more natural manner and
maintained a higher and more favorable humidity as well.

The unsatisfactory physical condition of the soil, however, led
finally to the use of freshly chopped moss asa substitute, with a result-
ant increase of 10 to 15 percent in the yield of cocoons.

SHIPPING METHODS

The cocoons were permitted to remain in the original cells in the
breeding trays until the time for shipment, when they were trans-
ferred directly to the containers and forwarded. Owing to the long
period en route, usually from 40 to 50 days, it was necessary to devise
special methods of packing, both to insure an adequate humidity in
the ceses and to eliminate so far as possible the spread of fungous
infection from one cocoon to another.

During the earlier investigations on this and other species it had
been believed that the fungus present was developing on the bodies of
dead larvae only, but later its true pathogenic nature was established.
In transferring cocoons it consequently became necessary to employ
frequently sterilized forceps to prevent the spread of spores by
contact, and to separate the cocoons more widely in the shipping
containers,

The earlter consignments were packed in tin containers inclosing
heavy paper or celluloid cross-section blocks, of the type used in
commerciel egg crates, with one cocoon placed in each section. The
tins were packed in moss in wooden cases. This maintained the mois-
ture content, but a heavy loss resulted through fungus spreading in
the tins.

The shipping containers later employed included wooden trays 15
inches square and 2 inches deep, fitted with cross-section gets provid-
Ing compartments 1inch square and 2 inches deep. T'wo eocoons were
placed in each compartment, each cocoon being surrounded with moss,
and separated from the other by a square of tin or celluloid. The trays,
holding 450 cocoons apiece, were then packed in sets of five, sur-
rounded by a layer of fresh sphapgnum moss, in large wooden cases.

This method of shipment resulted in the reduction of loss from
fungus to 2.4 percent in a total of 15,750 eocoons forwarded in 1928,
as compared with 74 percent loss in the 1927 shipment of 9,300 co-
coons. In the latter shipment 426 adults had emerged in the cases
prior to arrival at Riverton, which would indicate that the tempera-
ture in the cases must have been exceptionally high in transit, as
other consignments forwarded at normal temperatures did not show
this emergence,
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The total shipments of Tiphia mature from India during the years
1925 to 1928, inclusive, comprised 27,470 cocoons, practicelly all of
which were reared from field-collected females.

TipHIA BIBECULATA A. AND J.

GENERAL OBSERVATIONS

Tiphia biseculato is normally a parasite of a species of Anomala,
but 1t will develep readily upon Popiflia japonica. It was first en-
countered in 1920 and was tested at that time onr the latter host, but
the percentage of mortality in the egg and early larval stages was so
great as compared with other species that it was assumed that this
host was unsuiteble. It was later diseovered, however, that this loss
occurred also on the native host under similar conditions, and that
development upon Popillia was fully as good as upon Anomala.

Tiphia biseculate has heen found to date only in & single locality in
Schizuoka-ken, Japan, in a small, sandy peninsula jutting out a few
miles into the sea near Shimizu, which has an exceptionsally temperate
climate as compared with that of the inland areas,

LIFE HISTORY

Owing to the very favorable climatic conditions prevailing in its
native habitet Tiphic biseculata is able to develop two Tull generations
each year. This and I tegitiplaga, oceurring in the same locality, are
the only species encountered in Japan and Chosen having this habit,
As the scoil contains & very high proportion of sand the soil tempera-
tures are relatively high, and insect activity is extended over a longer
period dwring the year.

Tke adults of the spring generation appear in the ficld throughout
June and those of the second from late August to the end of September
or to early October. Hibernation is in the adult stage in the cocoon.
The first hrood fecds entirely on the honeydew voided by aphids in-
festing melon vines and other truck crops, whereas the second feeds
very largely at the nectar glands found at the base of the leaf petiole
of sweetpotato, at the blossoms of buckwheat, and &t times extensively
upon. the seeretions of the pine aphid. The first brood is much more
numerous than the second.

The egg is laid ventrally in the suture between the third thoracic
and the first abdominal segments, with the anterior pole directed
toward the Isteral margin of the host. This position may vary to a
certain extent, some being found one segment farther caudac%, and
others may be placed in the median suture between the last pair of
legs. In the normel position it is not situsted so near the Il)a-'tera,l
mergin of the host body as is the egg of certain other species, the
anterior pole being usually at the inner base of the hind leg. The
host grubs used in the rearing work were Anomale spp.

The duration of the egg stage is 4 days in June and 5 in September,
and the larval feeding pertod, to the formation of the cocoon, occupies
18 days in the first generation and approximately one month in the
second, owing to the much lower temperatures of late September and
October.

The maximum number of eggs secured from & single female of
Tiphia biseculate in captivity was 38, the aversge being 19.6 for the
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several thousand females in the breeding series, which had an average
length of life of 13.1 days. The egf production per day per female was
thus comparable to that obtained with 7' popilliavora at Koiwai (6).

REARING METHODS

The methods used with Tiphia biseculata were identical with those
previously employed with 7. popilliavora and T. vernalis. To elimi-
nate so far as possible the high rate of mortality due to the loss of the
lightly attached eggs and early-stage larvee through the movements
of the host grubs i the sandy soil avsilable at Miho, a quantity of
light loam was secured for use in the breeding tins. As a result, of this
change the proportion of cocoons obtained from the eggs laid incressed
from 20.5 percent in 1925 and 20.1 percent in 1926 to 30.3 percent in
1927. This is still a very low figure as compared with those for many
of the other species studied, and is very largely due to the compara-
tively light attachment of the early stages, as previously described.
The greater activity of the host g»ibs in the rearing tins, as compared
with that under natural conditions in the ﬁel(i makes this loss
unavoidable,

As the rearing work was done late in the season (early October and
November) the normal insectary temperatures were mot sufficiently
high to bring the larvae to maturity, and it was consequently necessary
to provide heated quarters for the rearing trays.

BHIPMENTS

During the years 1924 to 1928, inclusive, 13,033 cocoons of T. bi-
seculate were forwarded to the United States, all of which had been
reared from females of the second broods. A consignment of 1,000
adult females, forwarded October 4, 1926, and arriving at the Riverton
laboratory October 21, showed a survival of 111, or 11.1 percent, bus
the field temperatures in New Jersey at that time of the year were so
low as largely to inhibit activity and oviposition by the parasites.
The 1928 shipment of 2,651 adults was from the first brood, and ar-
rived in New Jersey on July 2, alter being 19 days en route. Ounly
106, or 4 percent, were alive, these being among the last collected in
the ficld prior to being forwarded. The very high mortality in this
mstance was probably due to the high temperatures prevailing during
transif across the United States. The season of the year at which the
first brood of adults must be forwarded thus malkes this method of
shipment impracticable, whereas the consighments of the second arrive
too late to be of value, consequently the rearing and shipping of co-
coons has been the more satisfactory method of dealing with this
species.

Treuin PoLuivons A awD L.

GENERAL OBSERVATIONB

Large numbers of Tiphie pullivora have been found in the Khasi
Hills of Assem, India, at an elevation of 4,800 to 5,200 feet. The
adults alg)lpear in the field from late July to early October and feed at

various blossoms and nectar glands and on the honeydew from aphids.
The principal host under normal field conditions is an undetormined
ruteline species of rather small size, while an occasional individual of
Popillia cupricollis, in the second or early thivd stage, and another
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species of Popillia also, were attacked. The egg is Iaid ventrally be-
tween the second and third asbdominal sepments with the anterior pole
directed toward the lateral meargin.” Tn the laboratory & series of fe-
males was tested upon half-grown grubs of P. cupricollis and found to
develop satisfactorily. In view of this it was thought that the species
raight serve against P, jeponica in Americs, particularly on the grubs
too small to accommodate properly the other fall species of Tiphia
already imported from Japan, Chosen, and China.

Extended experimental work with this species on grubs of Popillia
Faporniea in the United States indicates, however, that it is able to
develop only with difficulty on this host, and all field colonizations
have failed to establish themselves.

The normsl host of Tiphio pullivora was very abundant in the waste
aress in the hills sections, inhabiting fallow agricultural lands, Lightly
forested hillsides witii rather sparse undergrowth, and sod along forest

athweys and roads. The field parasitization in some localities was
ound to range ss high as 27 percent—an exceptional condition with
Tiphia and unusual in the case of any parasitic insect in Assam.

FIELD COLLECTIONS

Because of the abundance of hest grubs and the percentage of para-
sitization, large numbers of coccons of Tiphia pullivore could be
collected in the field, and consequently rearing work for obtaining
these was rendered unnecessary., Practically all larvee had spun the
cocoon by the middle of Qctober, and collections of these could be
made during the following two or three months for winter shipments
and in May, June, and early July for forwarding to arrive in the
United States just prior to the time of normal emergence.

As the cocoons are very small and delicate, considerable loss occurs
through mechanical injury at the time of collection. With a coccon
of this type it is usvally difficult, in faet impossible, to detect: through
external evidence whether such 1njury has oceurred, unless the cocoon
is very noticeably crushed. The truer indication is the early develop-
ment of fungus on the body of the larva snd the subsequent envelop-
ment of the cocoon by the myecelium.

During the period of collection the cocoons as scon as found were
set aside in trays under as nearly uniform conditions of temperature
and humidity as possible. They were then examined at frequent
intervals and those showing fungus development discarded to prevens
its sprend 1o ofher cocoons. :

A general average of about 100 cocoons per day could be found by
ench of the collectors, and the number of these employed ranged up to
20 at certain times. IDligging was extended over a period of several
months each year.

With the cocoons of Tiphic pullivera in the field there was inter-
mixed a varying proportien of those of T capillaie A. and J. and T
levipunciata A, and J.  As there was no means by which these could be
disfinguished, the entire lot was included in the shipments. Separa-
tion of adults could be readily made at the time of emergence, as the
%utter two species are characterized by the reddish celoration of the
£gs, ’

g BHIBMENTS

The first consignment of these cocoons, comprising 5,300, was for-
warded in November 1925, half being placed individually in gelatin
cepsules and half in paper cross-section sets in tin containers. The
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apparent’ condition of this lot on arrival indicated that 93 percent
were alive, and in g following shipment of 8,660 in March 1926, of
the same generation, 65 percent were alive, No emergence was se-
cured from this material, however, a portion living throngh the second
winter and then dying. In all of the following winter shipments this
tendency to carry over to the second season has been noted.

The summer collections, forwarded so as to arrive in the Umnited
States just prior to the emergence of the adults, were always in less
satisfactory physical condition than those sent during the winter.
‘The shipments of 1926, which were sent by mail and were 56 to 61
days en route, resulted very unsatisfactortly. In 1928 the date of
forwarding the summer shipment was further delayed and cage pro-
vision made for emergence en route, an agar preparation being supplied
as food. The cages were placed in the vegetable chamber of the
steamer from Calcutta, having an approximate temperature of 40° F.
About 12 %ercent of a total o% 7,539 emerged en route in spite of the
relatively low temperature, but only one of these was alive upon
arrival. The remaining eocoons were of doubtful vigor.

Shipments during the summer were finally abandoned and effosts
concentrated on those sent during the winter. The increased care in
handling, to reduce fungous attack, during collection and storage, in
conjunction with the improved methods of storing devised at the
Riverton laboratory, have resuited in a fairly adequate emergence of
adults from the more recent consignments.

The total number of field-collected cocoons shipped to the United
States during the vears 1925 to 1928, inclusive, was 93,815, of which a
varying proportion were of species other than Tiphia pullsvora.

TIrHIA BREVILINEATA A. AND J.

Tiphia brevilineata has thus far been found only in the vicinity of
Suigen, Chosen, end in rather limited numbers. 1t is normally para-
sitic on the grubs of Anomala sieversi Heyd., and Phyllopertha pubi-
collis Waterh., but in the laboratory it was found to oviposit and
develop readily upon Popillic mutans.

The adults appear in the field throughout July and till the middle
of August and feed upon the liquid excretions of aphids and other
bugs. One generation is produced each year, and the winter is passed
i the larval stage in the cocoon.,

The egg is at first translucent white, later taking on a yellowish
tinge. 1t1s placed ventrally between the third and fourth abdominal
segments of the host grub, near the lateral margin, and with the
anterior pole directed outward. Hatching occurs in 8 or 4 days, and
the cocoon is spun from 12 to 15 days later under maximum temtpem-
ture conditions in Chosen. The outer covering of the cocoon forims
a distinet envelope.

In 1925, laboratory ovipositions numbering 140 were obtained,
from which 75 cocoons developed and were shiﬁ)ed to the United
States. Owing to the scarcity of adults in the field in the known col-
lecting areas, 1t has not been possible to carry on extensive rearing
work with this species.

Tiriisa NOTOPOLITA A. AND J,

Tiphia notcgolim has been feund in relatively small numbers in the

Provinees of Chekiang, Kiangsu, and Fukien in China, and has also
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been taken at Yokohama, Japan, end Suigen, Chosen. Tts normal
hosts in China are Popillia chinensis Friv. and P. formosane Arrow,

The aduits appear in th2 field in late August and may be found until
the middle of October, this period varying scmewhat in the different
localities in which the species is found.

The egg is laid ventrally between the eighth and ninth abdominal
segments of the host, the anterior pole toward the lateral margin.
The duration of the egg and larval stages combined was found to be
approximately 20 days at normal temperatures in September and early
October, this being reduced to 15 days when the rearing trays were
kept in & room heated o from 69° to 70° F.

Owing to the scarcity of adult females and the small percentage of
eggs which developed, only 23 cocoons were obtained during the two
Seasons.

TrpATA COMMUNIS A, AND T,

Like Tiphic notopolita, T. communis has been found in China in the
Provinces of Cheliang, Kiangsu, and Fukien, but in some numbaers.
In the field it is parasitic upon various ruteline grubs, mainly of
Miridiba trichophorus Fairm., and experimentally has been found to
reproduce readily upon Popillia formesena. At Penniu, in 1926, an
examination of over 15,000 field-collected Popillia grubs showed a
parasitization of 0.57 percent, while 1.15 percent of those of Auteserica
sp. were found to bear eggs or larvae of this species. At times Ador-
etus is also a host of this species.

Two generations are produced each year, the adults of the first
appearing in the field from the middle of June to the end of July,
whereas those of the second are present from early August to the end
of September, the peak of numerical abundance of females being
July 7 to 19 and September 9 o 21, respectively. At Penniu they
persisted in the field until November. The adults of both broods feed
at the blossoms of wild coarrot and other weeds.

The egg is pure white when laid but assumes a grayish or brownish
tinee before hatching. It is placed dorsally between the second
and third thoracic segments, with the anterior pole toward the
median line.

The egg stage occupies 8.5 days, and 11 or 12 days are required for
the development of the larva to the formation of the cocron. The
cocoon stage of the summer generation was found to be 36 days.
The incubsation period as compared with the larval stage is exception-
ally long, particularly in view of the high temperatures prevailing
during June in the area of investigation.

In the breeding work in various localities in 1925, 4,155 oviposi-
tifons were secured, from which 1,256 cocoons resulted, a percentage
of 30.2.

The value of this species as a parasite of Popillia japonica in the
United States will depend on the effect of the new climatic conditions
upen its annual cycle. If these changed conditions result in only
a single gemeration in the early spring, it will be of value; but
the retention of its original time of emergence would render the first
generation valueless and unable to reproduce itself through the lack
of host grubs. .

A small consignment of adult females was forwarded in July 1923,
but all were dead on arrival; however, during this and the following
season 1,480 reared cocoons were shipped,

-
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TIPEIA ABSAMENGEIS A. AND J.

TIPHIA CLATSENT A. AND J.

Two species of Tiphia were found to occur in very small numbers
during the spring months in Assam, India, 7. assamensis and 7.
clauseni., The former is parasitic on the mature grubs of Popillia
cupricollis and places its ege ventrally between the second and "third
abdominal segments. 7T elauseni sttacks the grubs of an undeter-
mined species of Popillia. The egg position is dorsal between the
second and third thoracic segments. Owing to the very small numbers
available, no rearings for shipment could be made.

Tira1s SP.

Adults of an undetermined species of Tiphia, which were found
feeding at the blossoms of various umbelliferous plants, were collected
in the field at Teihokn, Taiwan (Formosa), in September 1927. The
normal host in the field wes not determined, but insectary tests
showed that it oviposited and developed very readily upon Popillia
%rubs, and it is probable that some member of the genus is the true

osb.

The egg has a yellowish tinge, and is placed ventrally bétween the
seventh and eighth abdominal segments. The egg and larval stages
cover 3 or 4 and 12 to 15 days, respectivaly.

MISCELLANEOUS SCOLODAE

In view of the establishment in recent years of infestations of
Anomala ortentalis, Autoserica castamea, and Serica sitmilis in the
eastern part of the United States from the Asiatic regions, it has
becone necessary to investigate the possibility of effecting the intro-
duction of their natural enemies, ]]_u addition to Tiphia biseculata,
T. brevilineata, and T. koreana, which have been discussed as possible
Popillia parasites, though attacking Anomsls under normal condi-
tions, the following species have been studied and shipments made
to the United States:

Perasiis Haost Countty

Tiphia bicarinate Cameron.. Anomals, Phyllopertha. . Japan, Chosen, China.
Tiphia lofopunciale A. and J. Anomala, Phyllopertha___ Chosen and China,
Tiphie agtlis Smith__.______ Serica Japan, Chosen, China.
Tiphie ovidorsalis A. and J__ Serica. Chosen.
Tiphic asericae A. and J____ Seri Japan, Chosen, China.
i”iphéaJ notopolite alleni A, Fhyllopertha__.__.______ Chosen and China.

and J.

Chosen.

TipH1A BICATINATA CAMBRON

Tiphia bicarinate was found in very small numbers in Japan and
in Fulden, China, but was abundant at Suigen, Chosen. It is a
normal parasite of the prubs of Amomala sieversi and Phyllopertha
;Suubicoll'is and should prove adaptable to A. orientalis in the United

tates.

The adults appear in the field from early in August to the middle
of September and feed at the blossoms of various Umbelliferne. A
single generation is produced each year, and the winter is passed in
the larval stage within the cocoon,
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The egg is pale yellowish and is placed ventrally between the third
and fourth abdominal segmenis of the host grub, or occasionally one
gsegment away in either direction, with the anterior pole directed
laterally. The egg and larval periods cover 3 and 12 to 20 days,
respectively, under relatively high temperature conditions. The co-
coon of this species may be readily distinguished from that of el
others of the genus studied by its glazed outer surface and by the
almost complete Jack of the web of silken strands which usually
surrounds cocoons of Tiphus.

Although with most species of Tiphia o second oviposition on s
grub already parasitized results in the loss or breakage of the first
egg laid, this does not necessarily take place with T. bicarinafa.
Very frequently grubs have been found in the field bearing 2 or 3
eges, and one was observed with 6. Also it has been noted that 2
larvae will develop side by side on the same host grub and eventusally
spin norinal cocoons. With other species the result in such cases is
usually the death of both larvae. Under laboratory conditions a
maximum of 6 eggs was laid in 1 day by a single female.

In 1925, 1,200 ovipositions resulted in 726 cocoous, giving the excep-
tional percentage of 60.5 developing to that stage. The 1926 breeding
work resulted in 9,882 eges, from which 5,824 cocoons, or 58,3 percent,
were secured. Shipments of reared cocoons te the United States fo
the end of 1928 totaled 5,720,

TirPElA TOTOPUNCTATA A. AND J.

One of the species which was secured in relatively small numbers
ab Suigen, Choser, in 1925 and 1926 was Tiphia tofopunctaia. It is
recorded alsc from Szechuen, China. It is parasitic upon the grubs
of Anomala sieversi and Phyllopertha pubicollis.

The adults may be found in the field from the early part of July
to the latter part of August feeding upon the heneydew of aphids and
other bugs. There is a single generation each year, and hibernation
is in the mature larval stage.

The egg is dark brown and s placed dorsally o the third thoracic
segment, with the anterior pole toward the median line. Under fairly
high femperature eonditions the incubation period i1s 5 or § days,
and the development of the larva fo the spinning of the cocoon
requires 18 to 20 days. The outer covering of the cocoon forms s
distinct envelope reedily separable {rom the cocoon itsell.

Owing to the scarcity of adults, only 243 ovipositions were secured
in 1925, of which 35 developed to the cocoon stage. Tn 1926, material
was somewhat more sbundant, and 1,307 ovipositions yielded 605
cocoons, & development percentage of 46.3. Of these cocoons, 446
were shipped to the United States for colonization.

In view of the late appearance of the adults in the field, it is ques-
tionable whether this species will be of value against Anomala orientalis
in the United States, as the time of their appearance very nearly
coincides with the emergence of the beetles in the infested section.

TirHIA AGILIS SMITH

Tiphia agilis was found most commonly at Suigen, Chosen, but
has slso been teken In various localities in central Japan and &t
Kuliang, China. It is parasitic upon Serica orientalis Motsch. and
others of that genus which are in the mature larval stage late in
the summer.
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The adults appear in the field about the middle of July and persist
until the latter part of August. They feed on the honeydew of aphids
occurring upon verious species of oak, and at a variety of blossoms.

The egg, which is dark in color, is laid ventrally between the third
end fourth abdominal segments of the hest, with the ar” ‘or pole
directed toward the lateral margin. Hatching oceurs in »-of 4 days,
and the larval feeding period is complete in 12 or 13 da.{rs at summer
temperatures. The cocoon is of normal form and color, with the
outer covering loose and not separable into layers.

From 178 eggs obtained in 1925 during the breeding work 122
cocoons were eventually formed, giving the exceptional development
percentage of 68.5. Total shipments during that and the following
year comprised 197 cocoons.

TirEis OVIDORSALIS A, AND J.

A species parasitic on Serica sp. af Suigen, Chosen, Tiphia ovi-
dorsalis, has not been noted in any of the other localities of investi-
ation. The adults may be found in the field during August, and
eed at the secretions of aphids and other bugs,

The grayish egg is placed dorsally on the third thoracic segment
of the host grub, with the anterior pole directed toward the median
line. Incubation requires 3 or 4 days and the larval feeding stage
11 to 14 days.

Owing to the Hmited numbers of females available in the field,
extensive insectary rearings were not possible. In 1925 and 1926
only 99 cocoons were secured for shipment to the United States.

TIrHIA ABERICAE A. AND J.

Tuphia asericae has been recorded from Iwateken, Japan, Keikido,
Chosen, and Chekiang, China, and was by far the most abundant
in the Chosen area. It is parasitic on various species of sericics
grubs which zttain maturity during the late summer and fall.

The adults appear in the field in Chosen early in June and persist
to the end of that month or the first part of July. Feeding occurs
on the honeydew given off by aphids and other bugs infesting pine,
oak, and chestnut {rees.

The egg is laid laterally in the suiure between the seventh and
eighth abdominal segments, just above the spiracle of the eighth
segment, with the anterior pole directed toward the median dorsal
line of the host. The incubation period covers 3 days, and the larva
completes feeding and spins the cocoon from 10 fo 12 days later, this
being under the high-temperature conditions prevailing during June
in Ciosen. The winter is passed in the adult stage in the cocoon.

In the rearing work conducted at Suigen in 1927, 2,911 ovipositions
were secured tTuring the 11 days which could be devotec{’ to this
parasite. From these there finally resulted $47 cocoons, & percentage
of 32.5, and of these 935 were forwarded to the United States.

Two shipments of adult femsles, totaling 9,604, were forwarded
during the middle of June, 1928. Only 58 out of the 2,527 in the
first condignment arrived alive, while none of the second lot survived.
This result was in conformity with that secured with other species
forwarded at the snme season, indicating that the high mortality was
due probably to the high temperatures prevailing during the period
of transit across the United States rather than to faulty methods of

167733°—~33——t
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shipment. .Laboratory experimezis and field observations also indi-
cafe that this species has a shorter normal adult life than is usual
in the genus.

TIPEIA NOTOPOLITA ALLENI ROBERTS (T. NOTOPOLITA INTERMEDIL A. AND J.)

The variety Tiphia notopolite alleni (14) was found in relatively
small numbers at Suigen, Chosen, in 1924 and 1925, and is recorded
also from Penniu, Hangchow, and Kuliang, China. In Chosen it is
parasitic primarily on Phyllopertha conspureate Har., and some indi-
viduals attack P. pallidipennis Reitt. The adulis appear in the field
during the latter part of August and persist until the end of Septem-
bur. They feed very largely at the blossoms of Seseli.

The egg is placed ventrally befween the seventh and eighth abdom-
inal segments of the host grub, in the depressed area near the lateral
margin, with the anterior pole directed outward. The duration of
the egg stage is 4 or 5 days and that of the larval stage 15 to 17 days
under September temperatures.

Owing to the scarcity of adults in the field, very little rearing
work could be accomplished. Only 120 ovipositions were obtained,
resulting in 42 cocoons, which were shipped to the United States.

TrrEIA MALAYANA CaMERON

The distribution of Tiphic malayana, as determined in these inves-
tigations, includes the Provinces of Fukien, Chekiang, and Kiangsu
in China, the greatest numbers being found at Zakow. It was found
also at Suigen, Chosen.

There is 2 marked difference in a number of points in the life history
and habits of the Chosenese and Chinese forms, and consequently
they will be dealt with separately. From the biological data presented
it would appear that two distinet species are involved.

The Chinese form is parssitic upon the grubs of Adorelus sp., but
oviposits and develops readily upon Popilic chinensis also, The
period of emergence of the adult wasps appears to be unusually pro-
tracted, as they are found in the field {from the middle of Apri{ until
August, the greatest numbers being present during the early part of
May. The normal period, however, was determined as being from
the middle of April to the end of May. The egg is gray and 1s laid
between the second and third thoracic segments ventrally, with the
anterior pole toward the lateral margin. The duration of the egg and
larval stages is 8 and 20 days, respectively. A maxirnum of 24 eg
was obtained from one fémale in the breeding series; and from the 699
ovipositions obtained, mainly upon Adoretus grubs, 320 cocoons were
formed, & percentage of 45.8.

In the Chosenese form the ndults sppear in the field during the
latter part of April and are present until the middle of May, this being
the first species of the genus to appear in the spring in Chosen. The
adults feed largely on aphid honeydew and also at the blossoms of
Forsythia sp. A single generation is produced each year, and the
winter is passed in the adult stage in the cocoon. This form is para-
sitic on the grubs of various sericine ?pecies which are in the mature
stage during the spring. The egg is white when first laid but assumes
an amber tint before hatching. It is placed ventrally between the
third and fourth abdominal segments of the host grub, with the
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anterior pole directed outward. The egg and larval stages cover 10
or 11 and 20 to 22 days, respectively, during the latter part of May.
The cocoon is intermediate In color, and the outer covering is loose
and not separated into layers.

BEIFPMENTE

Of the Chinese form, 290 cocoons and 424 adult females were for-
warded to the United States in 1924, Of the latter number, 32
arrived alive. The following season 792 females were shipped, of
which 118 survived. No material was forwarded from Chosen.

REARING AND SHIPPING OF SCOLIIDAE ‘

The methods of rearing Scoliidae in large numbers have been dis-
cussed in general in the preceding bulletin (€) on this subject. Certain
slight modifications have been found necessary for some species,
though these have been required to overcome temperature and soil
conditions existing in the particular localities rather than from a
difference in the requirements of the species themselves.

In table 5 is piven a summary of the rearing results obtained with
the different species of Tiphia which have been studied during the
course of these investigations. Among those species with which
extensive rearings were undertaken the average cocoon production,
as based upon the total ovipositions, ranged from 25.9 percent in
the case of the second generation of T. biseculate in Jepen to 61.8
percent for 7. popilligvora in China. In contrast to the latter record
is the 33.5 percent obtained with the same species in Japan.

TaBLE 3.—Iearing resulls with various species of Tiphia

Ratio of cocoons to
ovipositions
- - Gviposi- | Cocgnns
Specles Country Year tions  jproduced By spe-
By yeor | cies and
soures
Number | Number | Percent | Percent
A 11 R [ ) 11, - | I 1025 178 2 68. 5§ 6B. 5
A BT mammmm m e 51 R 10"23 2,911 $H7 325 3.5
T bicarinnia. Jdo.... { igf,g 6: 4 5, 5‘;32 % g ]- 5B.6
. 1435 5, (M3 1,034 5
T biseculnin (Second generntion} Japan...o.oocoo. 26 B, 738 1, 700 a1 25.8
. 1087 14, 659 5,474 30.2
T, bretilinga . o oue oo ooceeemo L5117 T ig:.;: 140 75 58.6 53.8
: . 4,155 1, 256 30,2
T, cominunis China ,,,{ pren] B 108 } 35
A 121711 T, SRR S [+ [ T, 135 609 20 45.8 45.8
N 1036 8,005 2,712 3.4
T, malira India . phrkrd 44, 562 13,407 a1 30, 4
1528 53, 897 16, 240 30,1
T, phytloph Chlpa b 1035 2,118 R4 10,5 40,8
. JApED . e . 10?9—2159'.‘.“.’ 1 :?,&Um 3, 3@ % 5 3.5
e L7 i ]
T PoPHUGEOTT. e China oo { 192 wort] Ts| e B8
ey 135, vug 9, .!Og 8.9
AT LT T Chosen— oo { ;g% 1 g:}? ﬁ iﬁg 4.2
1923 5, 783 2,350 40.0
’ b e pw| a
JEEPENE | . PV s X 47,3 47.3
e 02 16,355 - & 253 450
1927 , 550 1, 505
Chinne oo 1926 4Ho 210 5.0 50.8

1 Approdmete.




48 TECHNICAL BULLETIN 366, U.S. DEPT. OF AGRICULTURE

Owing to the varying times of the year in which the different species
of Tiphia occur in the field, it has been necessary to modify the
manner of shipment with different species to accomplish successful
importation of these parasites. The methods described below are
those employed in the work in Japan and China, from which countries
the time in transit ranged from 14 to 26 days. The manner of dealing
with the Indian species, for which the shipping time extends to 40 or
50 days or even more, has been given in the discussion of the respective
species.

P SHIPPING COCQONS

It has been found necessary to reduce fo a minimum the handling
- of tocoons prier o shipment to prevent infection by fungous diseases,
and also to insure against the spread of these diseases amoung the
cocoons during the period they must be in the shipping containers,
Practically all shipments of cocoons are forwarded as soon as the last
larvae in the rearing trays have matured. They are then from 2 to 4
weeks in transit to the United States and upon arrival at the laboratory
are placed in the storage chamber for hibernstion and for keeping
until emergence the following season. The test applied for the deter-
mination of the physicel condition of these consignments upon arrival
was the opening of a series of cocoons and the noting of the general
appearance of the larvae or other stages contained therein. If the
decline in vitality is relatively far advanced the body becomes flaceid,
the normsl glistening integument beccmes dulled, and the body
contents assume a somewhat vellowish tinge.

In the shipments from Japan and China in 1925 and later two
general methods of packing were employed. The first was the use
of individual tin contuiners, much like the common salve boxes, of
slightly less then 1 cubic inch capacity, in which the cocoon was
placed, surrounded by a small quantity of slightly moist moss. The
tins were then packed in moss in tight wooden boxes.

The second type of container used consisted of tin or wooden cross-
section sets in which each compartment had the same volume as the
above-mentioned individusl tin. The cocoons were individually
surrounded by moss in these sections, and the sets were separated
from each other by tin sheets.

With. both of these forms of shipping confainers the physical condi-
tion of the immature stages in the cocoons at the time of arrival was
good. The individual tins, however, present the one advantage of
checking the spread of fungus in the event that too much moisture
in the cases should induce its development.

SEIPPING ADULT FEMALES

In the extensive program for the shipment of adult females of
Campsomeris annulate and the various species of Tiphia from Japan,
Chosen, and China from 1926 to 1928 a variety of food materials
were tested for keeping the wasps alive en route. The liquids pro-
vided in the shipping fins fulfilled two purposes, that of supplying
food for the insects and that of maintaining a proper degree of humid-
ity. 1t was essentinl that this food should remam in good condition
throughout the time in transit, without fermenting or hardening.

In the early shipments the food was combined with the water in &
weak solution, the ingredients being either sugar or honey. Later
a semisolid food was used, with greatly improved resufts., This con-
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sisted of Japanese agar mixed with either liquid honey or sugar sirup
in equal proportions. This mixture is Kquid when heated slightly
and cools into a semisolid of the consistency of soft rubber. It is
poured when warm into tin-lined holes in blocks of wood wired to the
nside of the container.

In figure 16 is shown a section of the container used successfully
for shipping both Campsomeris and Tiphia. This tin is 6 inches in
g.t;‘a,r_neter and 10 inches high, with holes punched in the bottom for

pinage.

In the bottom of the tin is first placed & hali-inch, layer of sphagnum
moss, then about 2 inches of moist humous soil, and this is covered
wili;h another layer of I
sphagnum moss, over -

“?hich 1s fixed o woven- THEIAL COVER
wire screen of half-inch
mesh fo prevent the

displacement of the soil COTTON COVERED

in case the containeris ] T Sy GALZE
overturned. The bot- = ;

tle contains pure water -.

only, and the lamp J}ahg LAMP WICK

wick which leads up J
through the neckissur- }f1v e | BOTTLE v
rounded by, and rolled  fiiF = PR WATER
into, a rather large [N =
mass of absorbent cot- ] . ST WOREN Black
ton, the whole being [ fi" ‘ et Eﬂj’;ﬁiff}m
then covered with | ' -

gauze and firmly tied. ; 4
This provides a large | KRALL : T VRE SeReEn
absorption mass and |fex
an extensive surface
area from which the
wasps may drink with- “——/IIST SOt
out becoming entan- - ;
gled in the cotton, and E E de—s 20 oF mass
guards largely against '

spiHing. The top of Twune Iﬁ.—sh1ppigfgcg%ustgmﬁoﬁrn%%uég E[c:lliédae. showing details
the tin is covered with ]

cloth, securely tied, or may be of perforated metal. The tins are
packed in pairs in slatted screen cases.

The provision of soil in the containers is very desirable, as the
wasps like to burrow about iu it as they would under natural condi-
tions. Moss alone does not give nearly so satisfactory results.

In table 6 are listed the various species of Scoliidae which have
been shipped as adult females, with the period of collection and ship-
ment, the numbers forwarded, and the percentage of survival. With
Tiphis it is seen that in general the hest results were secured with the
spring species and that a very low proportion of those forwarded

uring the sumamer and fall were alive upon arrival,

With the majority of species, the shipment of adults rather than
cocoons is much more satisfactory, both on the basis of cost and on
tha:i of results secured, provided the time in transit does not exceed
30 deys.

D OF Mass
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TanLp 6.—Shipments of aduli Scolitidae, 1525-25

8pecles Couatry Period Shipped Survivael

Number | Number | Percent
R

a 4, 2%
e

12

May-November

Lt A Ci Tune-July, o, B4 £

Tiphie biseculeta:

Spring generntlon_ .. ... do___ 2, 3&1’ G
1

Fali generation d Onfober.. - ’
Tiphia communis . J Jniy-Augusk . 107 1]
Tiphte maleyana May-Tune 1,210 148
Tiphia popitiinoora ...} Aupnst-September, ... a, 240 &5
Tiphia veranliy . .. ....... Moy-June...o.ooaen . 21, 442 8, 540

i

-

- e
SRk, e OE
AW E GO
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NATURAL ENEMIES OF THE SCOLIIDAE

A varied series of insect species has been found fo prey on the im-
matuve stage of the Scoliidae, being either parasitic upon these stages
within the cocoon or predacious upon the adult wasps. The more
extensive records in regard to these enemies have been obtained in
India, this being due to the much greater opportunities for the collec-
tion of cocoons 1n the field in that conntry than was the case in Japan,
Chosen, or China.

In Chosen the sphecid wasp Palarus saishiuensis Okamoto (15)
stores its nests with the adults, largely females of various species of
Tiphin, occurring in the field during August and Sepiember, and to
a lesser extent with other Hymenoptera of similar size. The restricted
habitat of this hunting wasp is such as to prevent its being a serious
enemy over any large area, though the fact that each cell 1s stocked
with from 7 to 14 adulfs, representing usually a single day’s collee-
tion, may result in a material reduction in the Tiphia population in
the localities suited to its development.

Two spectes of mutillid wasps, Mutilla stephant Mogr, and Muiilic
sp., near gntennale Sm., were reared from the cocoons of Tiphia
mature and others in Indis, but only in very small numbers,

An interesting record from the same locality is that of & species of
Perilampus as an oceasional parasite in the cocoons of Tiphia pullivera.
Each year o few adults of this species emerged from the many thou-
sand cocoons collected for shipment to the United States. The
planidium in some way, possibly after the cocoon is formed, gains
aceess to the mature larva, to which it attaches itself externally, and
development is comploted upon the pupa.

A single species of rhipiphorid beetle, Macrosaigon pusillum Gerst.,
was reared from the cocoons of Tiphic maturae and 7. pullivora.
Some collections of the latter species showed a maximum parasitiza-
tion of 28.4 percent. The host is killed in the mature larval stoge.
The adults of this rhipiphorid show three color phases, some beng
entirely black wheress others have a red thorax or both thorax and
abdomen red.

The bombyliid fiies are common parasites of scoliid larvee. Three
species, Ilroprosopa sipho Ald., Aphocbantus clauseni Ald., and 4.
sertatus Ald., were regred in small numbers from the cocoons of
Tiphia pullivere. An extended account has recently been published
by the senior suthor (5} on the biology of & related species, Hyperalo-
ma oenomaus Rond, The first-ingtar larva of the parasite gains
access to the mature larva of the host in the cocoon, and development
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1s completed upon that stage. This species was slso observed to
develop occasionally upon larvae of Scolia and Campsomeris.

The nematode Eomermis fenuissima Cobb was reared on several
occasions from field-colleeted cocoons of Tiphie mature and T
pullivora.

SUMMARY OF PARASITE SHIPMENTS TO THE UNITED
STATES

In table 7 is given the record of shipments 5f the various natural
enemies of Popillia japonica and related species to the United States
from the ipitiation of the project in 1920 to the end of 1928. There
1s also indicated the stage of developraent in which the material was
forwarded, whether as immature larvae in living hosts, in the cocoon
stage or as puparis, or as adult insects,




- TaBLE 7.—Record of shipments of parasite material to the Uniled Slates for the control of the Japanese beetle, 1920~28

-Genera-and specios

1920

1921

1922

1924

1925

1926

1927

Tachinidae:
Cenfeler cinerea, parasitized beetles, dead...
Eulriropsis javana, parasitized beotles, dead.
Hzlzimiaﬁtia incongrua, field-collected beetles,

ving.

Pyrgotidae:
Adapsilia flaviseta, puparia.

Dexiidas;

Deriaventralis, parasitized grubs
Prosenn sibirita—
Parasitized grubs. oo wwmmmamelamaman
Field-collécted grubs
Seoliidne: '
Campsomeris annulata—
Adult females . cvuacrcaciammreincamm e
Reared cocoons
Parasitized grubs.
Tiphia agilis, reared COCOODSw - —aen-n-
Tiphia asericae—
Adult females
Reared coCOONS. . uvuveunnnconaannd R
Tiphia bicarinata, reared cocoons.

118, 000

Tiphia biseculata—
Adult females
Reared cocoons

Tiphia brevilineata, reared cocoon

Tiphia communis—
Adult females. ... e mmem e
Reared cocoons

Tiphia malayana—
Adult females..

Reared cocoon
Tiphia matura, reared cocoons
Tiphia notopolita, reared €OCOONS. .nunan e
Tiphia notopolita alleni,reared €0C00DS, wuvunx
Tiphia ovidorsalis, reared cocoons. .. ... s
Tiphia phyllophagae, reared cocoODS. o cunra-
Tiphia popilliavora—

Adult females.. . ..o oL oo loZiieen -

Reared cocoon - .
Tiphia pullivora, field collected cocoons
Tiphia tofopunciate, reared cocoons. .

144, 000
210

§0, 000

142,000
42,100

7,601
11, 850

166, 100

3, 041

49, 000

5,000

e-.:.do

Choseﬁ, China

}Jupt\n, Chosen, China...
Indin...

Chosen.._ .

Tiphia vernalis—
Adult females..

Reared cocoon
Carabidae:
Craspedonotus tibialis, adult beetles.

- }chosen, Chilng

Japan

5,348

HEALINOIYDY J0 *IdHd S0, ‘998 NITETING TVOINHOEL
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AGRICULTURAL AND CLIMATIC CONDITIONS IN CHINA
AND INDIA

In the previous publicaticn (6) on the natursl enemies of Popillia
Jjaponica in the Far East a short account was given of the agricultursl
conditions existing in Japan and their relation to the status of the
beetle as an economic pest. The conditions in China and India, the
new fields of investigation, are different in several rvespects from those
of Japan, and call for some discussion.

The Popillia fauna of China is found largely in the low-lying valley
lands of the Yangtze River from Nanking eastward to Shanghai and
southward to Hangchow and Ningpo. The hilly arens between Ching-
kiang and Nanking, the mountainous district beyond Hangchov, as
well as the other foothill and mountain sections which were scouted,
do not provide suitable breeding grounds for this group of beetles.
This is in contrast to the condition found to exist in India, where
practically all species of the genus which were at all sbundant were
found in nwmbers only at elevations of 4,000 feet or more.

In the valley districts of the coastal Provinces of Chine intensive
agriculture is practiced. Practically all of these districts are irrigated,
the land being intersected by & complicated network of canals. Rice
is the principal crop grown, with considerable cotton and large plant-
ings of other small grains and various trucic crops.

One of the distinctive features of any Chinese landscape is the
relatively large area devoted to graveyards. Although these may
often be situated on the less arable and rocky hillsides, & considerable
portion of the more valuable valley land is taken by them. The burial
mounds are usually surrounded by a border of grass 2 or 3 feet in
width. This grass is kept closely cropped by cattle, the graveyerds
being of considerable importance as grazing areas owing to the lack
of natural grasslands in these sections. These sod borders provide
ideal breeding conditions [or Popillia, and it was in such places, in the
silt soil along the river and canal embankments, and in the small
patches of sod along the paths and roadways that Popillia grubs
could be found in numbers.

Of the Popillia fauna of the coastal sections of China, Popillia
chinensis, P. mutans, and P, formoesang were the most abundant in the
valley districts, while P. pustulate was abundant in several of the
mountain ocalities in the Provinces of Fuiden ond Kiangsi. The ma-
jority of the Chinese species of the genus appear to be foliage rather
than blossom feeders.

The agricultural conditions in India differ markedly from those of
Japan and China. The size of the country and its range in latitude,
extending from near the Equator to the Himalayas, provide a great
diversity in the crops grown and in the methods of cultivation. The
plaing areas, upon whieh the vast portion of the population lives, are
very intensively cultivated. Throughout practically shis whole plains
region the annual rainfall is concentrated into o very few months in
summer, resulting in an exceedingly arid condition during the winter.
The intensive cultivation which is practiced does not permit of the
development to numerical abundance of insect pests such as the genus
Popillia, which largely inhabit waste lands. Also, the climatic condi-
tions do not favor this genus,
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The hill sections of India, found In various parts of the country,
particularly in the south, southwest, and northeast, provide s far
different condition from that found in the plains, and one more nearly
suited to Popillia, to judge from the relatively large number of species
which oecur in them. These hills range frem 3,000 to 7,000 feet in
height, and above 3,000 feet are usually covered with grass rather
than with the jungle growth which characterizes the lower elevations.
Although these hills are inhabited the population is relatively very
sparse, and consequently only a very small portion of the land is under
cuitivation, and a considerable part of that which is arable is used for
grazing, The climate is much more temperate, with the rainfall ex-
tending over a somewhat greater period than in the plains.

The Khasi Hills of Assam, in which section most of the work upon
this project in India was done, attain & maximum elevation of about
6,000 feet. In the zone above 4,800 feet the Popillia fauna was found
most abundant, and only occasional individuals could be found below
that level. In the upper zone the vegetation is of a distinctively
temperate rather than subtropical nature, and the hills are in part
covered with pine forests, both natural and planted, The growth of
these trees is not very luxuriant, and a light undergrowth of shrubs
is usually present. This is induced to a certain extent by the practice
of the natives of trimming away the lower branches of the trees for
use as firewood. In the case of the cultivated lands the general prac-
tice is to permit the laud fo lie fallow for 1 or 2 years between
crops. ‘This fallow land provides an ideal habitat for the development
of many searshaeid species.

Of the 10 or more species of Popillia known to occur in the Khast
Hills, P. cupricollis and P. eyanes are the dominant forms. Like
prectically 151 species of the group, with the conspicuous exception of
P. japonice and a few others, they confine their feeding almost exclu-
sively to blossoms. The breeding areas of these two species are largely
in the sparsely forested areas with a light undergrowth and a gravelly
soil, and very few grubs could be found in open grasslands or in culti-
vated fields, though the adults frequently congregate there for feeding.

Various other sections in addition to the Khasi Hills were scouted
for Popillia and its parasites. The Naga Hills in eastern Assam,
which appeared to provide as suitable conditions as the Khasi Hills,
revealedp a very low Popilliz population. The Nilgiri Hills in southern
Indiz presented more varied conditions than those of Assam, and a
considerable number of species of Popillia are on record as oceurring
there, including one or two which at times become sufficiently abun-
dant to cause injury to cultivated crops. In several frips to that
section, however, no parasites were found. In July 1927 several
weeks were spent in scouting in Kashmir, largely in the valley region
(elevation approximately 5,000 feet) about Srinagar, and also in the
near-by foothills to an elevation of 7,500 feet, but not & single represen-
tative of the genus was found during this period. It would appear
that Kashmir is beyond the western limits of distribution of the
Indian species.

Charts showing the monthly mean temperature and rainfall condi-
tions at Sapporo, Koiwai, and Yokohamsa in Japan and at Suigen,
Chosen, appear in the earlier publication (6) and those here given for
comparative purposes are for Nanking, China, and Shillong, India.
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The collection and rearing of parasites in Ching took place at several
widely separated points, but the Nanking conditions are taken as
representative of the :

coastal belt in genera].

The temperature
curve (fig, 17) shows
that Nanking (lat. 32
N.), though much far-
ther south, has winter
temperatures slightly
lower than thess of
Yokohams {Iat. 35.5
N.), and summl Y erhtelln-
peraturse slight FiGUBE 17, —Monthly mean tempersture and average rainfall at
higher. Themax ly-' Narking, Chine, 1005-23,
mum monthly rainfall sccurs in June and July, and the pesk of the
curve is considerably below that of Yokohama or Suigen {lat. 37 N.)

and the annusl total
%  considerably less than

that of either of the
other two points
mentioned.

The temperature
curve for Shillong,
India (lat. 25.5 N.)
{fig. 18), differs from

those of the other
+ localities studied in
" S that the winter tem-
i, P FIRE AR I AU Y U T O perature is consider-

FrsuRe ia.hhlonthisyhﬁ}g?]rgl'tga i:ffitﬂ{.l'z?- zs?d averagd reinfail ag g?l‘gl gnsgber 2?(}03398;?
' The maximum rain-
Tall is attained rather abruptly in June, and the precipitation during
the following three months is fairly heavy, the annual tofal &pPProxi.
mating that at Yokohams. With respect to minimum temperature
and time of general rainfall, Shillong and Nanking eonditions more
nearly approach those of Yokohama than do those of any of the other
felds of investigation.

In considering the temperature records for Shillong it is necessary
to make allowance for the difference in interval between recordings.
Here the monthly mean is based on the averages of three readings
per day, et 8 a.m., 3 p.m., and § p.m., respectively, rather than the
ususl 2-hour intervals. On the latter basis the mean temperature
would probably be slightly lower than that shown.

SUMMARY

The investigations, previously confined to Japan and Chosen
(Korea), on the natural enemies of Popillic japonice have been
extended £5 China and Indis.

Seven species of parasites have been found to attack P. aponica
itself under natural conditions in Japan. Nine addition species
have been found to parasitize different species of Popillia in the other
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countries named and are adapiable to P. jeponica. Of these 16
species, 5 species of Tachinidae and 1 of Pyrgotidae are parasitic in the
adult beetle itzelf, 2 Dexiidae are internal parasites of the grubs in
the soil, end 8 Scoliidae are parasitic externally on the same stage.

Among the Tachinidre, Cendeter cinerea has maintained ifs status as
£ MAJOT %vmtmg factor in the control of the beetle in northern Japan.
The very extensive collections of parasitized beeties in the Sapporo
section during the past 8 years have not appreciably reduced its
effectiveness in that area. The southern limits of the distribution of
the species are now known to extend to the Tokyo-~Yokohama district,

Hamaxia incongrue (Ochromeigenia ormioides) has been found in
numerous additional localities in central Japan, but with the per-
centage of parasitization exceedingly variable. Its favored habitat is
much more restricted than that of the host, it being adapted largely
to semiforested areas and waste land covered with a growth of shrubs,
rather than to the cultivated fields.

Hulrizopsis javana, Pezomyie genalis, and Trophops clauseni have
been found in exceedingly small numbers in Japan only, and are of no
value in the natural control of the host in its native habitat.

Adapsilia flaviseta, the single pyrgotid species found to attack adult
Popillia, occurs in the hill sections of Assam, Indie. Except in oceg-
sional very limited areas the extent of parasitization of the host 1s
very slight. All factors in its biology indicate its potential value in
the biologieal control of P. japonica to be very low. lIts time of attack
of the host is delayed and the period of larval development prior to
the death of the host is relatively long, thus permitting extensive
oviposition, The greater proportion of eggs are laid in male beetles.

if the two dexud species, Prosena sibiriie has been found in the
field from the early part of Apnl tidl the end of September. It is of
general distribution in the Asiatic and Malayan regions, but only in
northern Jdapan is it of value against Popillia. Dexia ventralis has
been found to have three generatmns each year when overwintering
in Miridiba grubs and only two when that period is passed in Popillia.
Both_species have demonstrated the sbility to develop to maturity
in only partly mature grubs, though this is not the normal condition,

Among the eight specles of Scoliidas parasitic upon the grubs of
various species of Popillia, none has been found to have a uniform
distribution coinparable to that of its host; a high degree of parasiti-
zation is seldom found, and then only in very restricted areas. Ziphia
popilliavore in Japan, T. vernafis in Chosen, and 7. mafure in India
have shown the g'reatest field effectiveness in their native habitats.
The eventual value of this group of parasites in the United States lies
in the possiblity of having a series of these species rather than any
singla one of them, The iood supply of the adults is one of the most
tmportant factors affecting incresse and distribution.

Five additional species of Scoliidae, comprising Compsomeris
annulata and four species of Tiphia, have been found adaptable to
Popillia in the absence of the normsl hosts, which are various species
of Anomala.

Owing to the recent establishment of Anomala orientalns, Autoserica
castcmea,, and Serica similis in the eastern part of the United States,
%ﬁ'ﬁ_’es of their natural enemies have been undertaken in Japan and

osen.




PARAEITESE OF FOPILLIA JAPONICA IN THE FAR EAST 57

During the years 1920 to 1928, inclusive, extensive shipments were
made of many species of parasites. Among these, 603,495 beetles
parasitized by Centeler cinerea were collected and shipped, of which
about 90 percent contained puparia, while 298,000 live Popillia
Jjaponica beetles containing a variable percentage of Hamazie ineon-
grua were forwarded, both species from Japsn, and also 17,662 puparig
of Adapsilia flaviseta from India. Of the Dexiidae, 21,324 grubs
parasitized by Dezxia ventralis were shipped from Chosen, and 13,600
Ea,rasitized by Prosena sibirita, as well as 159,000 field-collected grubs

aving an average parasite content of about 10 percent, were sent
from Jopan. Shipments of 17 species of Scoliidze have been made
from Japan, Chosen, China, and India, comprising 69,334 adult wasps,
103,212 reared cocoons, 93,815 field-collected cocoons, and 6,416
parasitized grubs.

In the importation of seoliid parasites it has been found that, with
the majority of species, the shipment of adults rather then cocoons is
much more satisfactory, both on the basis of cost and of results
secured, provided the time in transit does not exceed 30 days.
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