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(~ INTRODUCTION
~. In a previous publication (6)2 an account was given of the investigations on Popillia japonica NeWill. and its nat-ural enemies in Japanand Chosen (Korea) during the yean1 1920-1923, inclusive. Thepresent account covers the work of the following 5-year period(1924-1928, inclusive) and supplements the above-mentioned publication, presenting additional information relative to the parasites previously listed, as weil as accounts of other species found attackingthe genus Popillia. 

I The authors acknowledge particularly the assistance of L. B. Parker, who was assigned to the work inIndia in 1927; K. Sato. assistant in. Japan since 1921; Y. Quem, S. Fujii, and Y. Hasegawa. D. B. Lang·ford assisted in the field work in Japau during several seasons. During the. progress of the investigationsin Japan, Chosen, China, and India the authors received great assistance from the various Governmentofficials. S. I. KuWlUlll, chief of the Imperial Plant Quarantine Service of Japan. offered every facility forthe work in that country. The director and staff of the Chosen Agricultural Experiment Station havekindly provided laboratory facilities at Suigen each season since 1924. The work in China was p-eatly facilitated through ald extended by Y. Hsuweu Twu, vice director ot the Chinese Bureau of Elitomologyandhis associates at the NatiDnal Southeastern University Bt Nanking, aud also by A. w. :r.raro~,biologls£'at the Hangchow Christian College. ond the authorities or that college, through the provision "f laboratorylacilities. To T. Balubrigge Fletcher, Imperial entomologist of India. the senior author Is much indebted (orvaluable advice regarding entomological conditions InIndia relating to the project. lor the deter.mination 01 Indian insect material, and for the use of the entom(>logicalllbrary at the Agricultural ResearchInstitute at Pusa.
• Italic numbers in parentheses reter to Literature Cited, p. 57.


167713°-33-1 




2 TECHNICAL llULL~TIN 366, U.S. DEPT. OF AGRICUI,TURE 

In Japan and Chosen the collection work was continued v~ry much 
along the lines previously described, with srme added investigations 
upon the parasites of Anomalar orientalis TVaterh., Autoserica castanea 
Arrow, and 8erica similis Lewis, three additional Asiatic pests found 
to have hecome established in the eastern part of the United 
States during recent years. 

The work in China (fig. 1) was initi.ated by J. F. lllingworth in 
the fall of 1923 and continued t1u:ough 1924, when it was taken over 
by H. A. Jaynes and developed until its aband.onment at the end of 
1926, the unsettled political conditions in that country making its 
further continuation impracticable. A portion of the work on Tiphia, 
however, was continued for the following two seasons in conjunction 
With that in J Ilpan and Chosen. 

The field of inv~stigation in China centered at Shanghai, and 
extended over the coastal district from Peiping (Peking) southward 
to Alloy and Foochow, although some scouting was done in the 
Yangste Valley as far inland :1S Ichang. The main centers of para
site collection and rearing were in the outlying districts about Shang
hai and Foochow. 

T}'..~ Indian investigations (fig. 2) were restricted very largely to 
the lihasi Hills in Assam, headquarters being at Shillong. This loca
tion was chosen, at the time the investigations were initiated, upon 
the advice of T. Bainbrigge Fletcher, Imperial entomologist of India, 
and proved exceptionally well suited for this project on account of the 
abundance of several species of Popillia and certain of their parasites. 

In addition to the main fields of investigation, observatlOns 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 investigu,tions :n Japan, Chosen, China, 

and Indin, the following parasites were studied with a view to their 
utilization in the control of Popillia japonica in the United States. 
Those species preceded by an asterisk are, lmder normal field con
ditions, parasitic upon P. japonica itself, whereas the remaining 
sp0cies listed attack oth('r members of the genus Popillia. 
Parasites of.he adult beetle: 

Tachinidae: Countries 
*Ccnteter cinerea Ald ____________________ Japan. 
*Eutrixopsis javana Towns ______________ Japan. 
*Hamaxia incongrua 'iVallc ______________ Japan. Chosen, China, India. 
*Pexomyia genalis Ald__________________ Japan. 

*Trophops clauseni Ald_________________ Japan. 


Pyrgotidae:

Adapsiliajlat'iseta Ald _________________ India. 

Parasites of the larva: 
Dexiidae:

Dexia ventralis Ald ____________________ Chosen. 
*Prosena sibirita (Fab.) _________________ Japan, Chosen, India. 

Scoliidae:
Tiphia assamensis A. and J _____________ India. 

Tiphia clauseni A. and L ______________ India. 

Tiphia communis A. and L ____ - _______ China. 

Tiphia matura A. and J ___________ "____ India. 

Tiphia notopolila A. and J ______________ .Japan, Chosen, China. 


*Tiphia popilliavora Roh________________ ,lapan, Chosen, China. 
Tiphia vernalis Roh___________________ Japan, Chosen, Chha. 
'.l;'iphia sp_ .. _______ ______________ .--- _ Taiwan. 
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In addition, the following species, which normslly attack related 
genera, have been found to be, to a greater or less degree, adaptable 
to P. japonica, and shipments for utilization against that pest have 
been made: 
Parasites of the larva: 

Sooliidae: 
Ca,npsomeris ann-ulata (Fab.) ___________ Japan, Chosen, China. 
Tiphia bre'JiIineata A. and J ____________ Chosen. 
Tiphia biseculata A. and J _____________... Japan.
Tiphia 7coreana Roh___________________ Chosen. 
Tiphia pulZivora A. and L _____________ India. 

Predators: i • 
Carabidae: 

Craspedonotu8 tibialis Schaum __________ Japan. 

This bulletin deals only with the investigations bearing on the rus
covery of the various natural enemies, their life hictories and habits, 
ar..td the rearing and shipping methods employed in transpor1?...n.g them 
to the United States. The manner of their handling upon arrival 
in the United States, their rearing and colonization, and the field 
distribution and effectiveness or such of the parasite species as have 
become established, are dealt with in other publications (21 41 9, 10, 
11,12, i3) from the Japanese beetle laboratory .. 

PARASITES OF THE ADULT BEETLE 

In Japan alone five species of Tachihldae parasitic on the adult of 
Pop-illia japonica were found, and the attack on other groups of Scara
baeidae, notably the Rutelinae, is very nearly as extensive. It is 
of interest to contrast this condition with that found in the other 
fields investigated. In Ohosen Hamaxia incongrua is the sole repre
sentative of the family attacking Popillia, but se'veral other species , 
occur on other genera, notably Anomala. H. incongrui ;'. was found in 
aU sections, from Japan tm'ough Chosen and China to India. 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 coastal districts of China the adult beetles are almost entirely 
free from parasite. attack of any sort, and in India the place of the 
tachinids is ttl,ken by the Pyrgotidae. It appears that, in the A.siatic 
regions at least, the groups of Tachinidae having scarabaeid hosts 
are essentially of tempemte rather than subtropical or tropical habit. 
In genernl it has been noted that, where these occur, the dispersion 
is uniform, Jl,nd the degree of parasitization remains fairly constant 
from year to year. 

TACIDNIDAE 

CENTETER CINEREA ALD. 

The biology of Oenteter cinerea, a very effective parasite of the adult 
beetles of P. japoniea, was quite fully covered in the previoill' pub
lication (6). The work of the next 5 years consisted largely in the 
continued collection of parasitized beetles and the shipment of addi
tional quantities of puparia for establishing new centers of dispersion, 
and in strengthening certain of the colonies already established in 
the United States. 

In general, the high rate of parasitization in the field in northern 
Japan, with its biennial fluctuation due to the partial 2·year life 

. ' .. 
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cycle of tl:le nost, has been maintained in spite of the very large num
bers of parasitized beetles collected 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 
.Japan have extended its known southern range much beyond that 
previoubly recorded, it now being lmown to occur in several local
ities in the Tokyo-Yokohama district. When collections of Hamaxia 
were being made in 1924 at Utsunomiya, abou~ 50 miles north of 
Tokyo, 20 percent of the beetles taken along [ihe borders of certain 
wooded areas during the latter part of June bore eggs of Centeter. 
A small propDrtion, less than 1 percent, in the Tokorozawa and N ara
shino districts near Tokyo bore eggs of Centeter in 1928, but a small 
lot secured June 26 at Hashimoto, about 20 miles west of Yokohama, 
showed a parasitization of 21 percent. These beetles 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 approximately 1 month earlier than oviposition at Sapporo and 
is correlated with the corresponding advance in the time of emergence 
of the host. This correlntion is rather noteworthy in view of the 
appa.rent failure of the s;!ecies to adapt itself to a corresponding 
change in the time of app'.:.arance of the host in the United States. 

SUPERPARASITISM AND EGG DISTRIBUTION 

In view of the high percentage of parasitization effected by this 
species and the extensive superparasitization which unavoidably 
results therefrom, the determinatIOn of whether or not the female 
Centeter exercises any choice of hosts, avoiding if possible those which 
already 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 series of field-collected beetles showing varying per
centages of parasitization and a 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 a 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 attain different percent
ages of parasitization provided chance alone governed the placement 
of f-e eggs.3 It js seen that, to secure a parasitization 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 point 
involves the wastage of an ever-increasing proportion of eggs, and the 
number deposited must be increased to 220 to effect a 90 percent 
parasitization. 

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

3 Fiske (8) gives an extended diEcussion or chance occurrence as itralntes to superparasitism, Bnd the 
cllrves of figure 3 ara taken from his illustration. The dots nrc rrom the records of the authors of the present
hulletin. 
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of the actual number of eggs borne by beetles collected in differentlocalities, and the percentages or pa!'asitization indicated. Eachcountrepresents from 200 to 1,000 beetles, and the egg number is theratio to 100 heetles. It is seea that one of the field records falle on thecurve of charlCe occurrence, and that oll others fall below the curve.Had the females shown J.ny preference for unparasitized beetles asagainst those ruready bearing eggs or .contuining larvae, the pointsplotted would have been between curves .A. and B rabher than belowcurve B. The fact that they are below this line, however, :8 not interpreted as indicating any actual preference for beetles already parasitized, but is 9.ttributed instead to the fact th9Jt those already pamsitized, and in which the Centeter larvae have reached the intermediate stage of development, are more sluggish than healthy beetles andconsequently offer less resistance to the oviposition efforts of the 
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parasite. It is evident, however, that Centeter exercises no discrimination in the choice of hosts, and that the deposition of the eggs isvery probably governed by chance alone. 

SHIPMENTS 

Large numbers of parasitized P. japonica beetles have been collected,and the puparia secured from them shipped to the United States eachyear since 1920, with the exception of 1925 and 1926. The totalnumbel' of beetles thus collected to the end of 1928 was 603,495, and thepuparia obtained therefrom, representing approximately 85 to 90 percent of this number were forwarded.
There has been little modification in the methods of rearing andpacking from those previously employed, or in the care of the shipments en route. Greater care, however, has been talmn to eliminatethe bodies of dead unparasitized beetles before shipment, thus reducing the amount of decomposition gases generated in the cases duringtransit. 
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HAMAXIA INCONGRUA WALK. (OCHROMEIGENIA ORMIOIDES TowNs.) ( 

In spite of continued experimentation it has not yet been possible to 
establish by actual observation the exact manner in which Hamaxia 
incongrua attacks its host 8.nd in which entrance is efl'ecred into the 
body by the primary 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: Popillia japonica, Anomala rujocu
prea Motsch., A. O1'ientalis, and Adoretus tenuimaculatus Waterh. in 
central Japan; Popillia castanoptera Hope, P. chinensj,s Friv., P. 
cyanea Hope, P. mutans Newm., and P. pustulata Fairm. in China; 
and P. cupricollis Hope and .P. cyanea in India. The species is widely 
distributed throughout the Asiatic and Malayan regions, and it is 
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 approximately 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 
beetle infestation in the Yokohama district, which in 1921-1923 had 
shown an exceptionally heavy percentage of parasite attack, has been 
largely eliminated. In 1924 some collections were made at Utsuno
miya, about 75 miles north of Tokyo, 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 localities discovered in various suburban districts about Tokyo, 
and a smaller number in the ou tlyin~ districts of Yokohama and in the 
district bordering Sagami Bay, between R;,makura and Akiya. 

The highest actual emergence secured at the Riverton, N.J., 
laboratory from any of the seasons' shipments was that occurring in 
1926, when 3.62 percent of the beetles in four consignments, compris
ing a total of approximately 25,297, collected in the Tokyo-Yokohama 
section, yielded living flies. Rearings of relatively small lots at the 
Yokohama laboratory from beetles collected ;tL localities especially 
favorable for the parasite gave a much higher percentage. The heavi
est parasitization was found in the districts immediately south of 
Yokohama, where collections at Akiya in 1927 showed 17.14 percent of 
the beetles attacked, 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 H'.tshimoto, about 20 lImes 
west of Yokohama, yielded parasite pupari,< '!l'om 41.2 percent of the 
beetles, and 1,470 beetles collected at N arashino July 11, 1928, showed 
a parasitization of 33.1 percent. In the districts about Yokohama the 
general parasitization of Adoretus during this period WitS found to be 
13.3 percent. The heavier attacks by Hamaxia were almost invari
ably found to occur in rather hilly places with a fairly dense under
growth, and where beetle. feeding was restricted or centered largely 
upon a rather limited number of favored food plants. 

I In the previous puhlicatlons on the parasites of PopilliCLjaponica this species was list-ed under the Dsme 
Ochromeigenia armioide8 'J:owDsend, but this has recently been placed as a synonym of IJamaxia inconurua 
Walk., by Townsend, who examined Walker's types in London. 
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Investigations on the western side of Honshu, where beetles arecommon but the climate is much colder, showed Hamaxia to bepresent in very small numbers. No indication of the parasite wasfound at Toyama 9:.id Niitsu, while 0.9 pclrcent of the beetles collectedat Nagaoka and only 1 in 250 examined at Tsuruga were parasitized.In Chosen, China., and India Hama:cia is a very uncommon paras;;teon the species of Popillia occurring fhere, and not a single record nasbeen secured sho"\Ving parasitization as high as 1 percent--in fact Dnlyoccasional individuals were reared from the several million beetlescollected. Though the species if:, of very wide distribution, its effectiveness seems to be limited to the warmer temperate regions, andthere it is of value under special conditions markedly different fromthose under which the beetle assumes the status of a serious economicpest in the United States. 

NOTES ON THE LIFE mSTORY OF HAMAXIA L.'iCONGRUA 

The death of the host beetle is brought about by the early thirdstage larva 6 or 7 days after its entrance into the body, and pupationoccurs about 3 days later. The pupal stage of the first generationlasts 11 to 13 days at the higher temperatures prevailing during lateJune and July. Emergence of the adult fro::n the puparium takesplace almost exclusively between 6 p.m. and midnight-a habitdoubtless related to the crepuscular or nocturnal activities of theadult, and ill contrast to the morning emergence of most, if not all,parasites of diurnal habit.
A variable majority of Hamaxia develop in female beetles, thoughnot nearly so pronounced a majority as In Centeter. As the larviposition habit vi Hama.-ua is unknown no explanation can be givenfor this condition. It has been noted that a considerable numoer ofbeetles remain on the foliage of the food plants until late in theevening, and the proportion of these of each sex may determine therelative extent to which they are attacked. In Adoretus the numberof each sex attacked was found to be approximately equal.Laboratory experiments were repeatedly made In the attempt to
secure mating and larviposition, but so far as could be determined,
mating did not occur in a single instance under the conditions
provided. Females were found to contain from 300 to 350 apparentlymature eggs in the ovaries 'within 10 days after emergence, afterhaving been confined with males for the greater portion of that time,yet none of the eggs had descended into the ovisac and consequentlyno embryonic development had taken place.

The exact number of generations of Hamaxia is uncertain, thoughthere. are certainly two and possibly a third, if hosts are available.The first is on Popillia and Adoretus and is numelically much thelargest; the following one is on Adoretus and Anomala, owing to thevirtual disappearance of Popillia by the time the second brood offemales is ready for larviposition. In the investigations in Chosen,particularly where extended adult collections could be made bysweeping, It was found that a considerable number of females were inthe field during the latter half of September and in early October,when it was mther cool and no host beetles of any species were available for attack. There is, consequently, a possibility that a portionof the Hamaxia population may pass the winter in the adult stage. 
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THE SECOND-STAGE LARVA 

In the previous publication (6) the various stages, wHh the exception 
of the second larval instal', were described and figured. This instar 
is shown in :figure 4, with details of distinguishing characters. 

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

c 
11(--".--, 

B 

E 

FIGURE 4.-Second larvnl instar of FIamaxia inc01jUTua: A, dorsal view, X45; n, lateral view .of caudal 
segments, X45; 0 and D, the mouth hooks; E, lateral view of caudal spiracle. 

SHIPlI1ENTS 

During the period from 1923 to 1928, indusive, a total of 298,000 
adult beetles of Popillia japonica were coUected and shipped alive to 
the United States for thc rearing of Hamaxia. Methods of handling 
were similar to those previously used, except that refrigeration lor any 
portion of the journey was abandoned, as the condition upon arrival 
was found to be much better in the case of material kept under normal 
temperatures. 

EUTRIXOPSIS JAVANA TOWNS. 

The records of Eutrixopsis javana as a parasite of the adult of 
Popillia japonica are based upon the emergence of 210 flies of '!ibis 
parasite in 1923 from the shipments of Centeter forwarded lwm 
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Sapporo, Japan, in 1922, and of 78 in 1928 from the shipments in 1927 
from the same locality. 

In 1928 a 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 
e~g of this species, if the egg is laid. rather than a living larva, would 
differ sufficiently either in appearance or position on the host to be 
distinguishable from that of Centeter. Ho\vever, no information was 
secured by this means. The later examination of the dead parasitized 
beetles, and of the puparia contained within them, revealed only 
Centeter and a small proportion of a sarcophagid scavenger. 

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

FIGURE .s.-Trophops cialUleni, adult femnle, X 7. (Drawing by Y. lInsegawa.) 

single Eutrixopsis puparium wus found. It is evident thut the species 
is of no consequence us a luctor in the control of the host in its native
habitut. 

PEXOMYIA GENALIS ALD. 

The parasite Pexomyia genalis was described by J. M. Aldrich on 
the busis of a small munber of adults reared at the Riverton labomtory 
from adult Popillia collected in central Jupan in 1925 D,nd shipped for 
reurings of Hamuxia. Since that time it has not been encountered in 
the work in Japun, and nothing is lmown as to its hubits other than 
that ut least two generations a yeur develop, as indicated by the 
emergence of the udults in lute July from beetle collections made 
during the latter part of June. 

TnoPHoPs CLAUSEN! ALD. 

In an examination of 3,000 beetles collected at Tokorozawa, near 
Tokyo, Japan, in late June 1928, 1.2 percent were found to be para
sitized by tachinid larvae readily distinguishable from those of 
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Hamaxia and Centeter, which were also included in this host material. 
Beetles collected a week later did not contain a single individual. 
Adults have since been secured and described under the name Tro
phops clauseniOby Dr. Aldrich. 

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

A 

, " 
" 

B 

FIGURE 6.-Finallarval stage of Trophops clauseni: A, Mouth hooks; B, caudal spiracles. 

may be assumed that Trophops deposits living larvae much after the 
manner of Hamaxia. 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 parasite 
being 12 days, presumably covering the whole period, as compared 
V\'ith the 9 or 10 days of Hamaxia. The pupal stage lasts approxi
mately 20 days. 
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The adult female of Trophops is shown in. figure 5, and figure 6 
shows the mouth hooks (A) and the posterior spiracles (B) of the 
mature larva, for comparison with those of other tachjnids found in 
the adult beetles. The larval characters serve readily to distinguish 
the species from Centeter and Hamaxia, the spiracles being sessile, 
much larger than in Centater, and closely set together. 

7YRGOTIDAE 

ADAPSILIA FLAVISETA ALD. 

FIELD 01lSER-VATIONS 

The first indications of parasitization of Popillia by Adap8uia 
jlaviseta were found in a small quantity of beetles collected August 16, 
1925, in a forested area a few miles from Shillong, India. The dis-

FIGURE 7.-Adapsilia f/aviseta, adult female, X 6. 

section of these beetles revealed t.hat a few of them contained parasitic 
dipterous larvae quite distinct in form fr0m any of the Tachinidae 
previously studied in Japan. No adults could be found in the field, 
but the distinctive central depression or cavity in the last abdominal 
segment indicated it to be of the family Pyrgotidae. A search in the 
locality of collection failed, however, to reveal adults of the family at 
this time. A total of 81,000 beetles (Popillia cupricolli8) were col
lected during the period from A.ugust 17 to September 20, but from this 
ll'..unber only 78 puparia were obtained. Most of these were found in 
beetles of the first few days' collections, and it was consequently sur
mised that they relJresented the last of the parasite brood, the peak of 
attack having taken place several weeks earlier, and that the percent
age secured consequently gave no indication of the total mortality 
effected. 

The few puparia secured were set aside for hibernation and for 
eme~'gence the following season. The first adult (fi~. 7) from this 
material appeared on July 18, and inunediate observatIOns were made 
in the field in the same general locality which furnished the earlier para
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 Adorpsilia flaviseta 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 occurred during the two weeks following 
that date, a few females continuing to deposit eggs until August 18 at 
the latest. 

The collection and breeding records, taken in conjunction with field 
observations, indicate that the correlation between the time of emer
gence of Adapsilia and that of its host,s is not always so close as might 
be desired. In 1926 and 1927 this defect was not so evident, as the 
highK percentages of parasitized beetles were found among the first
emerging Popillia, whereas in 1928 the greater part of the 'beetles 
emer~ed 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 emeq~ence 
of the beetles and also served to delay oviposition by the parasIte. 

NATURAL HABITAT 

The very restricted area in which Adapsilia was found to be most 
abundant in 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 with a fairly dense undergrowth. Small 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 at corn tassels in the near-by cultivated plots. 

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

PERCENTAGE OF PARASITIZATION 

While in certain favored. locations, such as those just described, the 
percentage of yarasitization may be fairly high, at times approaching 
50 percent, the general attack over the whole area infested by Popillia 
cupricollis has been exceedingly light. The collections for 1926 to 
1928, inclu~ive, covering all of the beetle-infested areas within a ra.dius 
of 10 miles of Shillong, and the number of puparia secured and the 
percentages of parasjl-'lzation each year, are shown in table 1. 

TABLE l.--'-Percentage of parasitization of Popillia cupricollis by Adapsiliaflaviseta
in the neigborhood of Shillong, India, 1926-28 

Host DegrooofPupariaYCllr beetles parasIt·recoveredcollected izution 

Number Number Percent 
1926~._....__........ __ ......__........_............_._••_...._....... 1.42
451.2371 6,420
1927••••••••__...............................__• ____ ......__ •••••__ ••• 608, 773 8, 141 1.00 

1,928••••••••••..__••• __••••_.___•••_....__•••, •••••""'__ ........__ •• 771,313 4,097 .63 
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The decline in the percentage of parasitization in 1928, as compared 
with that of the preceding 2 years, 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. 

SEX OF HOST ATTACKED 

A markedly greater proportion of Popillia males than of females is 
attacked by Adapsilia. This may be due largely to the habits of P. 
cupricoUis itself rather 
thaIi to anyactual pref 90 r-... 
erence for males bv the 80 r-... 

parasite. Allowmg for 

the sex ratio of the host, 70 


'....approximately twice as ,,6'0 , - ~f..o'many males as females ~ so 
are attacked. Under " , 

field conditions the !\1;;t0 

male beetles are active ~ 030 

on the food plants dur
ing the greater portion 20 

of the day, and are on /0 

thewing more frequent
P/S -/7/09dZPly than the females. 

The latter feed during 
. h d FIGURE S.-Percentage of males among the hosts ofA.dapsilia j/ati.eta the mOl'D.lllg .ours an during the period of attack in 1926. 

then spend a consider
able proportion of the afternoon in the soil depositing their eggs. As 
the parasite attacks the host only while in flight the opportunities for 
oviposition on the male beetles are considerably greater than those 
for oviposition on the females. 

The percentage of puparia of Adapsilia 	recovered from male 
beetles during the sea
son of 1926, as com~-k. J ~ 

~J pared with the total 
1-,-~ of all those parasitized, 

q:,. is shown in figure 8. 
~ This is based on an ex
~ "= amination for parasit ~ K:Ri>.,.,.. ~ 	 ization and host sex of 

r'i<- ~ 2,440 parasitized beer-~i;- ~"""l, ~ r-.... tles collected on differ_"en 1/1\. ent dates from July 27... r--.V ...1-1:;-:: '" - ,- to August 20, thus cov~ 	 'V , 1 	 ering practically th e 
entire period of ovi
position of Ada.{lsilia in 

FIGURE g.-Normal sex ratio ofPopillia spp.in theileld durin\l the timc the field. I t IS seen 
of occurrence oLAdapsilia j/ar;8cta, as compared wIth the ratIO ofthose that m' the early por
attacked by the parasite, 1927. 

tion of the oviposition 
period, when maximum effectiveness canbe attained through the death 
of the hosts before their extended oviposition has taken place, by far the 
greater proportion of all progeny .are devel 'Jped inmale beetles, whereas 
the preponderance in this direction is only slight during the latter part 
of the period. This difference is due to a decline in the proportion 
of male beetles present and not to a change in habit, 
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In figure 9 the sex ratios are shown fQr parasitized beetles for the 
period during which the parasite was active 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 

I'. 	 collection dates of which were known, and the parasitization figures 
are based on the puparia found in the bodies of these beetles. The 
figures for the earlier portion of the periQd are for a tQtal .of apprQxi
mately 500 beetles fQr each date .of record, these bein~ taken at 2- or 3
day.intervals, but during the latter portiQn of the penQd the count was 
made daily. At this time unexpected differences were revealed from 
day to day nQt evident in the recQrds in the early part of the periQd, 
and it is prQbable that these fluctuations were due to the collection 
of the variQUS IQts .of beetles under different cQnditiQns and in various 
IQcalities, and that more representative collections, all taken frQm the 
same general locality, WQuld have shQwn .a gradual and cQnsistent 
decline in bQth .of the curves. ThrQughQut the entire periQd it is 
seen that the propo:::tiQn of male beetles among those parasitized is 
quite uniformly maintained at approximately twice the nQrmal sex 
ratio, with a tendency tQ equaJize tQwards the end .of the period. 
These data corresPQnd clQsely tQ thQse shQwn in figure 8 fQr 1926. 

OVIPOSITION 

The habit of adults of Adapsilia is diurnal, as contrasted with the 
nocturnal 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. Oviposition was observed in the field in 
many instances, and apparently takes place only while the host is in 
flight. The female fly 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 quickly, and the beetle falls to the ground. 

Under such laboratory conditions as were available it was not 
possible to secure oviposition by caged females. The smaller Riley 
cages used in general inRectary 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

'13 	 .opment from field-.observed ovipositions presented the possibility of 
error, as the progeny might have come from previousIl: laid eggs r(+her 
than from theovipositions actually observed. This difficultywas v·:
come by taking to the field beetles which were known to be free from 
parasites, and inducing.ovipositionin them. This was accomplished 
by catching the Adapsilia female in an ordinary insect net and immedi
ately dropping one or more beetles into it. The beetles usually 
spread their wings before reaching the bottom, and were then attacked 
by the parasite. In this way one or two ovipositions could be secured 
from each female, but this was possible only at the moment of collec
tion, as they refused to oviposit when confined and taken to the 
laboratQry. 

The oviPQsitor .of Adapsilia islQng, 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 QviPQsitor 
IS in the mid-dQrsal region of the abdomen near its juncture with 
the thorax. 



PARASITES OF POPILLIA JAPONICA IN THE FAR EAST 17 

LIFE CYCLE 

There is a single generation of Adapsuiaflaviseta annually, the prin
cipal host being PopUlia cupricollis, although a few individuals 
develop in P. cyanea and P. macclellaruli Hope. The winter is passed 
in the pllparium 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 
month 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 killed 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 noted 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 abdomen 
of the host. In a very few instances two puparia were found to have 
developed in a single beetle, though these were below normal in size. 

SECONDARY PARASITES 

In the breeding work in 1926 the puparia in the truys were fmmd to 
have become infested with chalcidoid parasites of two sp()cies, 
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 axposed dipterous puparia in the soil or on its 
surface, rather than being specific or generic in their host relationships. 

COLLECTION METHODS 

The manner of field collection of Adapsilia material in India was 
much the same as that of collecting Centeter in northern Japan. The 
natives living in the areas infested 'vith Popillia cupricollis were shown 
samples of the beetles and offered 5 annas (11 cents) per hundred for 
all that they could bring in. This very quicldy aroused the interest 
of a large number of people, principally women and children, and in 
the later years as many as 80,000 beetles 11, 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 du,y. The total cost of collection of 
the 500,000 to 700,000 beetles secured each year was from $570 to $800. 

REARING METHODS 

O\ving to the fact that P. cupricollis, 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 a different 
manner of handling from that used with Centeter in Japan. Mani
festly it was impracticable to secure enough blossoms to feed a stock 
of several hundred thousand beetles for several weeks, and conse
quently tests were made of various foliage plants, as well as of fruits 

167713°-33-2 
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and 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 approximately one cubic foot capacity 
were used as containers during the feeding period. A layer of fresh 
moss was placed in the bottom of each, and upon this enough sli~d 
apples were laid for 500 or 1,000 beetles. The apple pulp decayed 
very quickly, and the moss served to absorb the excess moisture. The 
food supply was renewed on alternate days, at which time such of the 
previous supply as had not been consumed was removed. This feeding 
was continued for a period of 12 days from the date of collection, and 
the live beetles then remaining, which were evidently unparasitized, 
were destroyed. The reortality 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 parasite, 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 trays for drying, as considerable ammonia was 
being generated through decay, and the Adapsilia still in the larval 
stage were permitted to pupate. When sufficient time had been 
allowed 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 decomposition 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. 

SHIPMENTS 

From 1926 to 1928, inclusive, 17,662 puparia of A. fiaviseta were 
shipped to the United States. The first year's consignment, of 6,420 
puparia, was unfortunately held up in the mails and returned to 
Shillong several weeks later. It was then repacked and again for
warded by mail, eventually arriving at the Riverton laboratory 
slightly more than three months from the date of original sending. 
As a result of this, and also because the puparia were packed too 
closely and with insufficient means of ventilation, the consignment 
was a total loss. 

The 1927 shipment of 7,601 pupal'ia was packed .in small vent.ilated 
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 
packed in insect-proof wooden boxes of sufficient size to allow a 3-inch 
layer of fresh moss to be packed entirely around the series of tins. 
This consignment was 47 days en route from Shillong to the United 
States, having been kept at a reported temperature of 40° to 42° F. 
on the steamer between Calcutta and Boston. Examination upon 
arrival revealed the puparia to be in good physical condition, with the 
moss packing still appreciably moist. 

The third season's shipment, comprising 3,641 puparia, was packed 
and forwarded in a similar way, being 50 days in transit at a tempera
ture of 40° to 50° F. en route. Upon eX!'.mination, 74 percent were 
estimated to be alive. 
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PROBABLE VALUE OF ADAPSILIA IN THE UNl'I'ED STATES 

A consideration of all factors bearing upon this parasite as notedin its natural habitat in India points to a very low potentialvalue as a parasite of Popillia japonica in the UnifJed States. Itsfavored habitat, as previously discussed, is markedly different fromthat in which this host is found in its most destructive numbers inthe United States. Then, too, the greater part of the eggs are laidin male beetles, particularly during the early period of attack, ahabit in striking ('ontrast with that of Centeter. From the point ofview of reduction in host numbers, the ultimate aim in all parasite.introduction work, the value of this attack on the males is nil. Further, the longer period of larval development, as compared with thatof the other pal'asites of adult beetles studied, reduces its value still 

c 

FIGURE lO.-Adllpsil;a flaviaeta: A, posterior spiracle o( mature larva; n, saggital section oC an terior spiraclesoC third-instar lnrva; C, mouth hooks oC third·instnr larva; D, posterior spiracle oC second-Instar larva;E, the egg, X30, 

more, by permitting oviposition by the host females for a relativelylonger period before death ensues. The three principal factors bearingupon parasite effectiveness are therefore, in this case, of minimumvalue. 

CHARACTERS FOR DISTINGUrSInNG THE IMI\[ATURE STAGES OF ADAPStLIA FLAVISETA
The egg (fig.. 10, E): Mature ovarian egg 1.4 mm long and 0.25 mm in maximumwidthj laid egg 1.3 mm in length. Ventral side pronoUllcedly COl'cave, dorsalside strongly archcd, the anterior half of greatest and uniform width, taperingto a narrow point at the opposite end. Anterior end smoothly rounded, themicropyle large and distinctly buttol~-shaped.
First-illE;tar larva: Body 0.8 mm long, 13-segmcnted, of greatest width in themid-abdominal region, with the caudal segment" much llarrower. Segmentationdistinct. Mouth parts much redtlCetl in size and not distinguishable under thehigher power of the binocular. Posterior spiracles simple and sessile. Dermwith many surface setae or papillae,
Second-instar larva: More robust in form than the first-instar larva, the caudalsegments as wide as the greatest body width. Derm with numerous papillae 
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at middle of each segment, extending uround the body. Mouth hooks similar 
to those of the third instar, but smaller. Anterior spiracles simple and very 
small. Posterior spiracles (fig. 10, D) separr.ted by their own w:idth and set in 
a distinct median posterior depression or cavity. Tracheal trunk bra.nched at 
the spiracle, forming two openings, one above the other, and surmounted by a 
dor.;ally direct-ed hook, the surface of which is transversely wrinkled. 

Third-instar iarva: Body very robust, in fact weevil-like in form, with the 
derm markedly glistenin~. Brownish c(>ntent~ of digestive t"act distinctly visible. 
Mouth hooks (fig. 10, u) as illustrak.d. Anterior spiracle;; (fig. 10, B, saggital 
section) slightly stalked and fan sh9.ped, with the tracheal trunk extensively 
branched. Posterior spiracles (fig. 10, A) very large, of three main lobes, with 
a dorsally directed hook at the inner dOl'sal margin, and pl:1.l}ed at the dorsal 
rim of the large median posterior cavity distinctive of the larvae of this family . 

. Ventral lobe extending into the cavity, and the entire surface of the spiracle 

FIGUltE ll.-Pupnrium of Adapt/iiu flariscta: .A, Lateral view, X6; D, posterior view showing Rpirncles
and ccntrnl depression, X25; 0, sngbitni section of posterior portion, XSO. (Pnrkllr.) 

curved through an arc of approximately 180°. Heavily pigmented, the openings 
being clear and distinct only in freshly molt.ed individuals. 

Puparium (fig. 11, A): Length 8 to 10 rom. Distinctly keel shaped and much 
the w:idest in the mid-abdominal region. Dark brown or reddish-brown, with 
reflections dull. Anterior spiracles large and stalked. Posterior spiracles three 
lobed and placed at the dorsal margin of the posterior cavity, as shown in figure 
11, Band C. 

PARASITES OF THE LARVA 
DEXllDAE 

DEXIA VENTRALIS ALD. 

In view of the complexity of the host relationships of De:r:ia ventralis 
in Chosen, and the dan.~er incident to shipping it in living grubs 
other than those of Popillia japonica owing to the risk of an e~cape 
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of these species, no shipments were made until 192'5. In the mean

;) 

time the establishment of Anomala orientalis, Autosenca castanea, andSerica simuis, three scarabaeid beetles of Asiatic origin, in the easternpart of the United States made more possible the success of the:i:m~:rtation by providing at least one of the alternate hosts thought
to be ne~essary in the annual cycle of D(lxia.

This species is known to occur in Ohosen, Manchuria, !lnd the
1\1alayan region, but extended observations have failed to reveal this
or any other species of the genus as parasitic in scarabaeid grubs in
the coastal sections of Ohina and in India. 

LrFE HISTORY 

In the fUI~her life-history studies which have been made of this
species during 1924 and 1928 additional facts have been revealed
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

developmental cycle

for 1924, starting with

t1e overwintering lar

vae in the various host

grubs. In that winter

the young larvae were

largely contained in

grubs of l11iridiba ko

r'eana N. and K'J Po

pillia castanoptera, and

Phyllopertha spp., and

on examination in the

early spring they were 
 FIGURE 12.-Sensonal cycle of Deria ventralis in dilIcrent hosts in
found to bein ahealthy Choscn in 1924. The numbers refcr to the successive broods of
and active condition in adults of the parasite, the heavy black hars are the overwintering
gruhs, and the horizontal·ruled blocks represent the summer grubs.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 maturity. Those in Miridiba developed normally and pupated during May,the first brood of adults appearing in the field late in May and duringthe first hruf of June. The progeny of these flies parasitized themature grubs of Popillia castanoptera, then available, and a secondbrood of adults resulted late in July and during the first half ofAugust. The larvae produced by these females in turn found onlySerica grubs in suitable condition for the production of another generation, and the third and final brood of adults developing from themappeared during September and the first half of October. Theprogeny of these females were then distributed among the varioushost-grub species, suitable and otherwise, occurring in the soil at thattime. It is thus seen that in the three-generation phase of Dew

1.lentralis each gelleration develops in a different scarabaeid subfamily,namely, Nlelolonthinae, Rutelinae, and Sericinae, respectively, theoverwintering host being listed first.
The cycle of three generations, however, represents only a portion of the Dexia population. Those individuals overwintering inPopillia are delayed in development and reach maturity and pupate 
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from the middle to the. end of J1.me, approximately 1 month later 
than those in Miridiba, as the host attains the propel' stage at a 
later date, and consequently the adults appear in the field at 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. The enforced 
alternative is therefore to attack directly the Serica grubs than avail
able, and this attack consequently takes place somewhat earlier than 
that of the second genera.tion from Miridiba. The adults of the sec
ond brood from Popillia emerge somewhat earlier than those of the 
third b.·om Miricliba 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 is found that 
only two generations a year are produced instead of three. 

The complexity in the host relationships as just d~scribed and the 
life cycle of the parasite result in the presence of aduJtflies in varying 
numbers in the fir-Id throughout the season. It is possible, howeveI~, 
to distinguish the successive broods of adults by the numel'icnl peaks 
attained after emergence. The apparent iirst brood, as distinguished 
hom the complete rust generation, is numerically the greatest, while 
the apparent second, which develops entil.-ely from Popillia, is in part 
the actual fu'st from those overwintering in that host and in part the 
second from those overwintering in Miridiba. The apparent thu'd 
brood of adults is from Serica alone, representulg the aetual third 
from the original :Miridiba and the second from Popillia. 

This evident adaptability of Dexia to the conditions of the host 
species, as opposed to the previously considered obligatory alterna
tion, enhances greatly the potential value of the species as a parasite 
of P~ japonica in the United States. It appears u11probablc that the 
alternate hosts can be entirely dispensed with, and the presence of at 
least one of these would seem to be essential to the attainment of an 
effective status against P. japonica. In general it ma.y be said that 
the advent of an obligatory alternate host into the economy of a 
pa,rasite species results disadvantageously unless the former is at 
least numerically equal to the host to be controlled. The factor of 
numerical abundance of the host hus a particular bearing in this 
instance us determining dU'ectly the percentage of pamsite planidia 
which ultimately find hosts and develop to maturity. " 

An examination of the habits of tl.1e JU'st-stage 1m·va. reveals tha.t it 
exercises no apparent discrimination in the choice of host grubs, und 
that the factor influencing the relative degree of attack upon the 
various grub species is the physical charncter of tbe grubs themselves. 
In connection with the hibernation experiment in 1928, records were 
made of the percentage of penetration effected upon the va.rious host 
species in different stages. Included in this series were grubs of 
1(opilUa ca,stanoptel'a, P. atrococl'ulea Bates, leHridiba 7.:oreana, Phyl
lophaga sp., PhyUopertha spp., Anoma,la spp., and Sel'ica spp. Two 
methods of securing parasitization were used, those of du'ect applica
tion of planidia to the grubs by brush and the caging of gravid females 
over soil containing grubs. 

Under identiClll conditions a marked va.riation was noted in the 
percentage of grubs containing plnnidia ufter a certain period in the 
cages or the inoculation blocks. In the inoculation cells, with from 
5 to 10 planidia pluced dll'cctly upon each grub, which wus then cov
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ered with soil and confined therein for 2 days, the general rate of parasitization was good with both species of Popillia, with Miridibakoreana, mature Serica, and second and early third stage Phyllophaga,medium in the smaller species of Anomala and early second-stageSerica, and very poor in the large Anomala and in third-stage Phyllopertha. The extremes in results were represented by an 18 percentparasitization of the larger Anomala as contrasted with an 85 percentI

I 
parasitization in the second and early third stages of Phyllophaga.I'

I It is very evident that if this result is indicative of preference orgreater physical suitability, then the instincts of the larva are greatlyat fault in choosing above all others a host species in which development to maturity cannot possibly occur. Jm examination of thisseries of grubs, uowever, indicated that the relative thiclmess audtoughnf'SS of the integument of the host grubs is the determiningfactor. The larger Anom&1a has an exceedingly heavily chitinizedintegument, its smface covered with numerous setae, as comparedwith the very thin and bare integument of the second and early thirdstage larvae of Phyllophaga. The other species listed may be considered as intermediate between these two in this respect. The lowerpercentage of parasitization of early second-stage Serica, as comparedwith the mature grubs of the same species, is attributed, not to theabove-mentioned factor, but to the very small size and great activityof the youn~ grubs themselves in relation to the space and volume ofsoil in the moculation cells. Their activity results in the planidiabeing quickly brushed off the body, and the relatively far greatervolume of soil present then renders the finding of the grub again correspondingly more difficult. Also there is a lack of intersegmentalsutures on the body to provide the more ready points of entry.Two princ:ipql mortality factors are involved in the life of the earlylarval stages in the host, the fU'st being the defensive reactions set upby,the host body, largely represented in this instance by Phyllophaga,and second, the molting of the host, resulting in injury and dea.th tothe parasite. In unsuitaole husts death is brought about by phagocytic action and occms largely in the first larval stage, and occasionallyin the second. The respiratory funnel attachment to the host dermis broken after death, and the body of the parasite becomes a darkened,encysted mass imbe~ded in the host tissues near the original point ofentry. In the moltmg of the normal hosts some of the larvae arekilled, but their death does not inevitably follow, the general resultbeing merely the loss of the respiratory funnel with the host exuvium,the larva remaining with its posterior end fixed in the apertme in theintegument of the succeeding stage, and eventually forming anotherfunnel.
A.s in Pl'osena sibirita, it has been determined that although thenormal condition is for the larva to attain matmity and pupate onlyin giu bs which themselves are under~oing histolytic action preparatoryto pupation, yet tIllS is not an essentll11 condition, and the changes unddevelopment to maturity can be accomplished in immature host grubs. 

REAlUNG AND SHIPPING METHODS 

The breeding work in preparation for shipment to the United Stateswas started in 1925. Grubs of Popillia japonica only were used, andthese were shipped south from Hokkllido to lfukuolm in Kyushu, towhich place the Dexia females from Chosen were also forwarded. 
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This was made necessary by the fact that P. japonwa does not occur 
in Chosen; consequently the risk of its accidental introduction into 
th,at country could not be taken. The supply of P. jnponica grubs of 
the proper sta~e of development was very limited, that yeur {1925) 
being the one ill the biennial cycle of the beetle in which all grubs 
pupated and emerged. By the time a sufficient supply of gravid 
females of Dexia was available, late in June, a very high percentage 
of the grubs collected had developed beyond the stage of usefulness 
for purasitization. 

The following yeur (1926) the fall brood of adult flies was used for 
the urtificial parasitization of 2,500 native grubs, largely P. casianop

tera, and these were placed in hiber
nation quurters under sod durilJg 
the winter. They were dug up at 
the end of the following April and 
yielded 115 puparia, 130 mature lar
vae, 'and 699 larvae still within the 
living host grubs. 

In 1927 it was arranged to utilize 
the native grubs in Chosen 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 curried on with females 
caged over soil containing grubs, and 
by placing planidia dissected from 
gravid females on the grubs, the 
method previously perfected for use 
with Prosena in northern Japan. 
Froni the first brood of flies 1,200 
females were dissected and the pla
nidia obtained placed upon 8,824 
grubs, 4,463 of which were success
fully parasitized. 

With the second brood of flies the 
breeding··jar methodwas adopted as 

FIGURE 13.-Dreeding Jnr used in the pnraslt- b' 1 lb' d 1 t
ization work with Dexia ventralis. emg ess a Ol'lOUS an ess was e

ful of the parasite supply, which 
was not so grent as in the preceding generation. One-quurt glass jars 
were fitted with copper screen cages (fig. 13), and 20 to 30 grubs were 
placed in soil in the bottom of the j Ill' and 5 or 6 flies in the cage above. 
The grubs were examined daily, and those showing purasite 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 a general 
average of 1 to 1.5 successfully parasitized grubs a day could be 
obtained from each fly. 

E}."Periments were conducted in the shipping of field-collected 
females from Chosen to Yokohama for use ill breeding work there. 
In a ~onsignment 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 forwardin~ 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 any planidia 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. 

The life of the planidia in the soil was found to be shorter than had 
been supposed. Relatively few ~rubs were parasitized after the 
fourth day, though a few parn.sitizations were obtained up to the 
seventh day. 

SHIPMENTS 

The first consignment of parasitized grubs was forwa,rded in 1925, 
consisting of 850 of P. ja;ponieaj this was followed by 8,624 of VariOU!3 
suitable hosts from Ohosen in 1926, and 864 of the same and of 
alreadr-formed Dexia puparia, with 10,986 grubs of P. castanoptera 
alone ill 1927. The duration of the life cycle of the parasite is such 
that the majority of the flies are in the pupal stage and rl..!ady for 
emergence on arrival at the laboratory in the United States. 

PROSENA SIBIRITA CFAB.) 

FIELD OBSERVATIONS 

The dexiid Prosena sibirita is an important parnsite of the grubs of 
Popillia japonwa in northern Japan. Elsewhere, however, even 
thou~h adults may be observed in abundance, only an occasional 
indiVIdual of the various species of Popillia can be found containing 
its larva. 

This species is ~enerally distributed throughout the entire Asia.tic 
and Malayan regIOns, and adults were commonly seen during the 
course of the investigations in Ohosen, Ohina, and India. In northern 
Japan it is primarily a parasite of P. japonica, normallv effecting a 
,field pamsitization of from 10 to 15 percent, and it alsO' occurs to a 
lesser extent on Anomala and Serica. In Ohosen an occasional larva 
was found in Popillia and in various sencine grubs, whereas in Ohina 
no record of the species as a parasite of any of the Popillia occurring 
there was m!l{le during the 4 years of investigation in that country. 
In India it was noted that a very few field-collected grubs of P. cupri
collis contained Prosena larvae, but by far the greater number of the 
parasites were found in the various species of Serica. In Java Prosena 
sibirita. is recorded as a l>arasite of Adoretus . 
• As a result of the earlier studies upon the habits of Proscna sibirita 

in northern 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 to 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. 
September. It has since been found, however, that this condition is 
not essential, even though normal, as some larvae complete feeding 
and pupate from smaller grubs which would otherwise carry over until 
the following season before attaining maturity. 

At Shillong, Indio" the earliest observation of adult flies in the 
field was A.pril 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 Populin, 

'.', 
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I",If" 	 cupricollis emer~ed a,t the end of June, and those from Serica in July. 
I, 	 The parasiti;t;ntlOn of the latter host at this time wns found to 

approximate 25 percent.I~ During the earlier investigations on this species at Koiwai, Japan, 
it was noted that there were three forms of adul-::s of Prosena in the 

I? field, differing appreciably in size, coloration of the a,bdomen, l1nd 
somewhat in the time of appeamnce. It was assumed at that time 
that these represented distinct species, and their hosts had been 
determined as Serica sp., Popillia japonica, 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 sml1ller forms only wera noted at Sapporo, whereas 
in Ohos~n during th;:) late summer only the large form is to be seen. 
The vl1riation in the size of the three forms and their differing times 

;' 	 of emergence could result fTom corresponding differences in tl">" hc·st 
species, but the distinguishing colomtion of the abdomen of these torms 
can hardly be explained on the same basis. 

JlREEDING 	AND SHIPPING METHODS 

During the fi.l'st two sel1sons' investigl1tions upon Pro8ena sibirita 
(1921 and 1922) a method was devised whereby host grubs in large 
numbers could be artificially pamsitized wHh the first-stage larvl1e 
taken from the ovisacs of the gravid females, and these grubs then 
shipped immediately. In the following 5 years this method was 
l1bl1ndoned in favor of the forwarding of field-collected grubs, which 
showed a ~eneral parasitization each yel1r l1pproximating 10 to 15 
percent. uollections were made in Holdmido in the early spring and 
forwarded in 1l1te May, so as to arrive at the labomtory in the United 
States just before emergence.. This met!lOd proved sl1tisfactory, as 
the emergence of adult pamsites was estImated at 70 percent of the 
original parl1site content at the time of collection. The cost involved, 
however, was considerable as, aside from the cost of collection and 
crating in Jl1pnn, each consignment of grubs (25,000 to 50,000 packed 
in soil) involved l1 hel1VY eX:Renditure for tmnsportation. 

Because of the cost handicap, as explained l1bove, the artificial 
parasitization of grubs in the late summer and fall was l1gain taken 
up in 1927. Instead of being shipped immeml1tely, however, these 
pamsitized grubs were placed in a prepared soil plot, well dmined and 
covered with sod, where they were left for the winter. To prevent 
the grubs wandering away, the plot was inclosed to a depth of 18 
inches in fine-mesh screen, the surface being also covered with the 
same material to prevent loss by rodents and birds. 

I~ When the parasitized ~rubs were overwintered as a,bove, the pro
portion available for shipment the following spring waoS l1pprm . .'i
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 pamsites. 

The shipping containers used in the earlier consignments provided 
about 3 cubic inches of soil and grass roots for each grub, the cases 
being separated into compartments by cross-section sets of wood, 
zinc; or tin. The shipments of 1927-28 were contained in tin-lined 
boxes 1 foot square and 6 inches deep, inside, each containing five 
ctoss-sectionsets separated by tin plates and providing a compart
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moot of approximately 1 c.ubic inch for ea.ch of ~OO ~bs. ;rt was 
fouad unnecessary to proVide grass roots for feeding m tTIlJlSltj and 
the soil used was first thoroughly screened and then fumigated with 
carbon disulpbide tQ eliminf"'.e any other soil-inhabiting insects which 
might be present. 

SHIPMENTS 

From 1921 to' 192813,600 artmck,lly parasitized grubs and 159~OOO 
collected in the field, the latter having a general parasite cont-ent of 
about 10 percent, were shipped from northern. Japan to the United 
States. I::;. ,tddition, 40,596 grubs were artificially parasitized in the 
late Su:rn.:J!.~; of 1928 and placed in 'w:inter quarters, to be for.varded 
the following season. 

SCOLlIDAE 

During the course of the investigations on parasites of Popillia in 
Japan, Ohosen, Ohina, and India during the period from 1920 to 1928~ 
ineiusive, a large number of scollid species, principally Tiphia, were 
found to attuck the grubs of this. genus. The habits of these species" 
us well as those of many on other scarabaeid genera, have been 
intensivelv studied. 

In general the conclusion has been reached that, under couditions 
such as. exist in agricultural sections in Asia and in the United Statesj 
Tiphia is unable to achieve the role of an important controlling factor 
in the economy of its hosts. In the case of a great many species of 
Tiphia, localized: infestations have been observed in which relatively 
h:lirhpercentages of hostgrubs were attacked, but none of the species: 
has been seen. to occur in numbers sufficiently great throughout the 
entire host habitat to exert any appreciable check upon it. There 
is little basis for hope of greater effectiveness by anyone species 
under the conditions existing in the sections of the United States 
now inhabited by Popillia, though there may be some possibility that 
the aggregate effect of a series of species might contribute appreciably 
to its ultimate control. 

One of the main limiting factors bearing on Tipruais 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 
plMlts, particularly Unbelliferu.e and Polygonaceae, and the nectar 
glands associated with the folit1ge of certain plants, such as Polygonum 
~d sweetpo tatoo The spring species in genantl feed upon insect 
secretions, the snmmer species on these and also at various blossoms, 
and those occmrmg in the fall at blossoms and nectar glands. .It is 
thus evident that the maintenance of a large Tiprua population 
throughout the season is entirely dependent on the presence of apbid
infested plMlts and of the various weeds bearing suitable blossoms and 
nectar glands. This condition is in opposition to the best agricul
tural practice, wruch involves the elimination of weeds and the control 
of such bugs as infest cultivated crops. These. latter may ocem in 
limited numbers, but again they may be entirely absent over large 
areas heavily Wested by the beetle. 

In only a single instance, that of Tiphia matura in India, has a 
scollid been kno,,",-u. to have its normal source of food supply at an 
appreciable distance from the host infestation, and to continue this 
condition from year to yellr. The more usual development in the 
event of failure of the local food supply is mass migration to another 
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locality for ovipoSition as well as feeding. Even with the food supply 
.avnilablein 'the immediate vicinity, the fluctuation in numbers in a 
given locality from year to year is very great. 

Another factor affecting Tiphia adversely in cultivated sections 
is the destruction of the cocoons through soil cultivation. Were the 
mortality of host grubs p'roportionately as grell:t, the numerical reduc
tion would have no senous result, but such IS not the case. VeI"Y. 
few Scollidae 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 is formed 
considerably below the customary depth of cultivation. 

The host relationships of the various species of Scollidae parasitic 
upon scarabaeid grubs have been found to be generally within generic 
rather than specific limits. In any given locality, however, each 
species confines itself very largely, and at times entirely, to a single 
host species. This apparent specificity may be obligatory, as in the 
case of Ti7Jhia popilliavora in Japan, where it is due to the presence of 
only the one species of the host genus in the localitv, though it may 
extend to different hosts in other regions. v 

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 annually, though as many as 5 or 6 may develop under 
optimum conditions in the Tropics. The dormant stage in temperate 
\.,Jgions may be either the mature larva, the pupa, or the :adult in the 
cocoon, the latter being the case with those species that emerge early 
in the spring,a.nd which presumably would produce a second genera
tionannually under slightly more favorable conditions. 

In all of the species of Scoliidae studied, comprising the genera 
Scolia, Campsomeris, and Tiphia, the egg position on the host grub 
has been found to be a specific constant. In figure 14 this position 
is illustrated for all of the species discussed in this bulletin. 

CAMPSOMERIS ANNULATA FAll. 

GENERAL OBSERVATIONS 

While there was. considerable doubt regarding the ability of 
Oampsomeris annulata to adapt itself successfl1lly to Popillia japonica 
as a host in the United States, yet the comparative facility with which 
it could be secured in numbers permitted an extensive eA1Jerimental 
program in 1925 and 1926. The native hosts of this widely distrib
uted scoliid are usually the grubs of the larger ruteline species, 
partioalarly species of Anomala and at times Phyllophaga diomphalia 
Bates, and its range in host groups is considerably greater than is 
found in Tiphia. Under American conditions it was hoped that at 
least one oilts multiple generations would develop upon P. japonica. 
However; the large-scale importations and colonizations have appar- . 
ently failed of establishment. 

The life cyole under experimental conditions 'Varies considerably 
with (l~...il.nging temperatures. In Chosen in midsummer the durations 
of the stages were 2}~ days for incubation of the egg, 5 days in the 
larval-feeding stage prior to the formation of the cocoon, and 21 
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days in the cocoon. These figures may be taken to represent the 
minimum developmental cvcle of the species. 

In Japan and Ohosen there are apparently three generations a year, 
the winter being passed largely in the pupal stage in the cocoon. In 
tbe coastal sections of Ohina an additional generation is produced. 
In Ohosen the first adults were seen in the field April 30 and persisted 
throughout the season, tbe broods being largely intermixed, and the 
last of these most abundant during October. In Ohina the first 
individuals were taken on March 8; the first brood was at its peak 
during the middle of May, tbe 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 balf of October. There are 
some indications that a portion of the last brood of Il,dults 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 neg undo , and goldenrod, 
and never on tbe liquid excretions of insects. The females are seen 

--r-k:;::;;;:::-------..J l.Ph,ia c,o:nmunis
Tiph"i8. clauseni 

l'Tillhio. oTldoreali'B 
Ti~i8. totopunctata 

~~~t=;;~rt~~~C=~Ti~ia malayana (China) 
b 	 Tiphia bieeculata 

Ti~ia vernalill 

Tillhia aSBameneie 
Tiphla pull1vora 

Tiphia agilie
Tillhia bicarinata 
Ti~ia brevilineata 

Tlphia lIolliliiavora 

. Tiphia notollolita alleni 
Ti~ia sp. 

Tiphia.asericae 

Tiphia lIlatura 
Ti~ia notopolita 

FIGURE H.-The position of the eggs of various Scoliidae on the host gruh. 

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

REARING METHODS -

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 Obosen 1,000 ovipositions were obtained in 1925, 
though with some difficulty, as the females did not oviposit readily 
in captivity. During the egg stage there was considerable loss 
through the death of bost grubs and from the parasit-e egg being 
rubbed off by relatively slight movements of imperfectly paralyzed 
hosts. The 1,000 ovipositions finally resulted in 219 cocoons being 
formed. Similar methods employed in Ohina gave much better 
results. 
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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 £rst 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 in 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 abandoned. 

It is interesting to note that a variable proportion of the paralyzed 
grubs forwarded upon which the parasite larva did not develop were 
still clive on arrival in the United States. The ma:Gmum percentage 

I~ 	 of these in anyone shipment was 75, and these were examined 
approximately 30 days after parasitization. 

SHIPMENTS 

The shipments of O. annulataforwarded 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 all 
but 219 were from 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 survi.ai 
but were of no value on arrival O\ving 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 arri.al, these numbering 
4,219. The highest percentages of survival were in two consignments 
forwarded from ShanO'hai in October 1925, amounting to 78.3 and 
82 percent, respectiv-ely. The duration of the collecting period prior 
to shipment was 7 to 15 days, followed by 14 to 17 days en route 
from Japan and:n to 27 days from China. 

Table 2 is a summary of the records for the v-arious shipments from 
Japan and China, arranged according to the month of collection and 
shipment, and giv-ing the totals and percentages of surviv-al. 

T.....BLE 2.-Su1nmary oj shipments oj adults oj Campsomeris annulata, 1925-26 

I· 	 I Paras! tes I . •
Month 	 Shipped !rom- shipped Parasites Sllrvl<'!ng 

I 
NU1nbt" Number II Percent 

688 13.3~~t::=:~::::::::::::::::::::::::..:..~::~:::: ..::.::::::::::: ~:~ S38 11.2 
luly....................................dr,l........................... j 7.2Zl 249 3.4 

Do •••• ,"'_.................... Japan.......................... ·.1 1,302 244 18.7 
921 12.2~e=bCr:=::::::::::::::::::::: ":1' ~~~~:;.::::::::::::::::::::::.::f I: ~~ 257 24.9 

October......._•••••••__._..............do................."........ 1. m 1,022 SO. 0 

----~I------+-----

TotaL................_.....'!"....___ ... '" .................... 31,060 4,219 13.6 
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TIPHIA POPILLIAVORA ROH. 


GENERAL OBSERVATIONS 


In Japan, Tiphia popilliavora was found in abundance at Koiwai, 
Iwateken, 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 Yokohama in September and 
October, 1921, not a single specimen of the species has been collected 
in the islands of Japan during the eight years the investigations have 
been in progress. This very localized distribution is surprising in 
vie\v 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, Ohosen, and Penniu and 
Han~chow, Ohina, and in these countries also the same markedly 
localized distribu tion occurs. 

In the previous publication (6) a fairly extended account of the 
life history and habits of T. popilliavora, as determined at Koiwai, 
was given, and the additional data here presented deal with the species 
on other hosts, and under different climatic conditions, in Ohina and 
Ohosen. 

On the basis of the taxonomic studies of .Allen and Jaynes (3, p. 53) 
on the Asiatic Tiphia, based largely on the collections made during 
the course of this parasite project, T. popillia'IJora is represented by 
three strains, or races, which occur in Japan, Ohosen, and Ohina, 
respectively, and present only very slight morphological differences. 
The Japanese race is parasitic on Popillia japonica alone, the 
Ohosenese on P. atrocoerulea and P. castanopiera, and the Ohinese 
race on P .,f0rmo8anaArrow, P. chinensis, and others of the same genus. 

LIFE HISTORY AND REAIU:.'G RECORDS 

In time of emergence. in the field the northern-Japanese form 
ordinarily appears first, occurring from August 15 or 20 to the middle 
of September, whereas ill Ohosen 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 
Ohina (Penniu) the adults appear the latter part of September and 
persist until the middle of October. Thus in these localities the period 
of adult presence in the field is durin~ the few weeks immediately 
preceding the cooler period of fall, which naturally begins earlier in 
northern Japan than in the more southern latitudes. 

The egg is placed ventrally between the filth and sixth abdominal 
segments, and this position is constant for the Japanese and Ohinese 
forms, but at Suigen, Ohosen, as a parasite of Popillia airocoerulea, 
the more general position is between the si.xth and seventh segments. 

A comparison of the rearing records of the respective races reveals 
several points of interest. Upon Popillia japonica at Koiwai, Japan, 
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 at Penniu, 
Ohina, deposited the surprising total of 115 eggs on grubs of Popillia 
spp., and a series of 46 females averaged 54.9 eggs each. The averages 
for the entire series in Ohina during the three years are shown in 
Table 3. 
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TABLE 3.-Rearing records of Tiphia popilliavora obtained at Penniu, China, 
1925-27 

Femllles AYernge Cocoons ~~~~~:
Year in tests fe:~e formed to ovi

positions 

Number Number Number Number Percent1925__•••_•..•______• __• _________• __________________ _ 482 11, 307 23. 5 7, 794 68.9 
1927____________• ______________________ • _____________ 460 13,071 28.4 7,738 59.2
1926_____________•__________________________________ _ 

513 15,799 30.8 9,306 liB. 9 

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

It is evident that the Chinese race of Tiphia popilliavora has nearly 
double the reproductive capacity of those in Japan and Chosen, and 
considerably in excess of the generally accepted average for the genus. 
In the percentage of ov-ipositions which yielded cocoons is found also 
an indication of greater adaptability 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. TillS, however, does 
not appear to be the case. The: Japanese race at Koiwai, though of 
limited range, was found to effect a parasitization 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, tIUs representing the maximum noted for 
that section during the course of the investigations. At Penniu, 
China, the field parasitization was found to be only 3.5 percent in 1926, 
as determined by an 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 mad9 early in 
the oviposition period, yet the conditions were very nearly similar in 
the various fields, and the percentages given al'e felt to represent 
closely the relative extent of parasitization acllieved. 

As an illustration of the effect of temperature on the development 
of the early stages of TipIUa, the data at hand regarding T. popilliallora 
in its various localities may be cited. At Koiwai, Japan, 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, whereas 
at Yokohama these were 4 and 14 days, respectively, with a ma..-nnum 
temperature range during the period of development of 80° to 97° F. 
In Chosen in early September this was further reduced to 3, and 11 to 
12 days, respectively, under IUgh-temperature conditions. At Penniu, 
CIUna, the combined egg and larval stnges covered 22 to 24 days at 
normal temperatures, wliile in a heated laboratory at from 60° to 70° 
only 15 days was required. 
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smPMENTS 

Very extensive shipments of reared cocoons of T. 1!opilliavora were 
made from Japan in 1920 to 1923, and from Ohina ill 1925 to 1927, 
inclusive, and a very small number also from Ohosen. The shipments 
of recent years have been utilized to strengthen the already-established 
colonies in New Jers~y and po 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, Ohosen, 
and Ohina. Approximately 25,000 of the latter were from southern 
China. 

TIPRIA VERNALIS ROR. 

GENERAL OBSERVATIONiil 

The life history and ~eneral habits of Tiphia vernalis have been 
fully treated in the preVIOUS publication (6), but additional data are 
now available regarding its distribution and host relationships. 

Through the determination of miscellaneous material collected in 
the field the species is known to occur in small numbers at Yokohama 
and Asukawa, Japan, and at Kuling, Zehsah, Rangchow, and Zakow, 
Ohina, in addition to the original locality of discovery at Suigen, 
Ohosen. The range of distribution is thus comparable to that of 
Tiphia popilliavora, as is also the marked localization of the infester 
tions. 

The original finding of this species in Ohosen indicated its normal 
host in that country to be Popillia castanoptera. The few individuals 
collected- in Japan in 1920 and 1921, now determined as TipMa ver
nalis, were at that time tested upon P. japonica and found to parasit
ize 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 Ohina the 
species known to be attacked are P. chinensis and several others of the 
genus. Under field conditions in 1923, 1924, and 1925 in Ohosen T. 
vernalis was found to parasitize approximately 10, 6, l),nd 10 percen.t, 
respectively, of the grubs of the preferred host, P. castanoptera. 

LIFE-mSTORY NOTES 

In Ohosen the duration of the egg and larval stages, to the formation 
of the COCOOll, 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 secured at Zakow, Ohina, 
in late April and early May, 1926, it was determined that the two 
stages covered 9 and 10 days, respectively, in tha'ij section-a very 
appreciable difference from that given for Chosen 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 low, a·veraging slightly less than 0.5 egg per day per female 

167713°--33-3 
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I.'.' 	 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 the yearly average ranged from 40.6 percent 
of the ovipositions in Ohosen in 1923 to 56.6 percent for a small lot 
in Ohina ill 1926. 

SHIPMENTS 

During the years 1924 to 1927, inclusive, 21,455 cocoons of Tiphia 
vernalis were reared and shipped from Ohosen and 234 from Ohina, und 
from 1926 to 1928 the shipments of udult femuies from Chosen 
totuled 21,442. The much greater success resulting from the forward
ing of adults rather than cocoons has led to the abandonment ulto
gether of breeding work on t1lls speeies. 

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

TABLE 4.-Survival of adults of Tiphia vernalis during shipment from Chosen to the 
Uniled Slales, 1926-28 

Adults Adults survivingYear 	 SlJipmcnL shipped 	 shipllleui 

--~----- .----~-. Ij ~-~-~-~---- Num/JeT ,Vrtrnber I PcrrL1lt 

JFirstshiPlllCUL. .. -----'--- .. -- .. --.-'- .. ,.---l wo 1 w,- 10.01926_______ • ___.... __ ._ .... ___ .... __ Second shipmcnL, ... ,_" .. _........ ____ •_____ '1 1,535 43 2.8 
tThirdshiplllcnL._._ .... ___ ,., ... , ...... - .,.' 1,800 1 312 17.3 

]927 	 I(Fir~L shipmcnt.. ___ .. ________ .... ,_ .. , ... __ ,.' 3,5S4 2,841 79.3- ..---------------·_--···--'1 Second shipment_.,. ____ •. _._ .. ,_ .... ___ ,.. 6,284 I 37.72,370 
ID28 IIFirstshlp!'lcnl. .. ____ .... , ............. ,_..... i 3.208 t 1.306 42.3 

-------··_....-_··--··----,lsecond slllpment..... ___ •• _.... _.. ___ ... _._ .....I~I~ 4._0 

Total or overage_........ _, .. ' .... __ •• _.,' ... __ .._.. _... _... _... _.. _._ .....j 21,+12 7.220 33.7 

I 	 • I 

TIPIILA lIlA-TURA A. AND J. 

GENERAL ODSERYA'rIQNS 

The first of the natural enemies of Popillia to be encountered in 
India was Tiphia matum, which Was found in varying numbers in the 
Khasi Hills of Assam in the district surrounding Shillong, at an eleyn,
tion of 4,800 to 6,400 feet. Its normul hosts are the several spring und 
eo..dy summer species of Popillia, plIDcipally P. Gupricollis. 

During May and June, 1925, grubs were freq nen tly brought inwhich 
bore Tiphia eggs ventl'ally between the penultimate and lust segments 
of the abdomen, but very few females of specie~ 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 Ill'eas, 
an ample supply of females was available for the breeding \\'orlc The 
ureas where these were found in numbers were widely sepuratedand 
appm-ently determined primarily by the food supply, tIllS 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 about 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 maxL.'Uum 
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 feerung 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 
limited. The number of parasitized grubs in the soil in the areas 
where the host grubs occurred in abundance was out of all proportion 
to tho nunlber of Tiprua females which could be found there. These 
main breeding grounds of the beetle were situated at an elevation of 
from 5,000 to 5,200 feet in very billy country, and were bordered on 
one side by a range of heavily forested bills rising to an elevation of 
6,400 feet. It wa·s only after extensive scouting that the feeding 
grounds of the parasite were found, and these were finally located at 
the crest of the range of hills several miles away, and at the border 
between the forested area and the largely uncultivated plateau dis
trict beyond. At the margin of the forest was a considerable growth 
of shrubs of various kinds heavily infested with aphids. Here the 
Tiphia congregated from 8 to 11 o'clock each morning in large num
bers, and it was possible to collect several hundred on a single small 
bush. 

The uncult.ivated plateau area previously mentioned appeared to be 
an ideal locality for the development of PopilliaHself, and it was at 
first thought that the Tiphia collected at the border were attacking 
grubs in the immediate vicinity. A search during several seasons, 
however, failed to reveal more than an occasional individual of any 
host species in this locality, or in any other nearer than the pine 
forl;)sts in which the parasitized grubs had previously been found in 
numbers. It appears surprising, in view of the known habits of other 
members of the genus, for the females to trn.vel tlu'ough several miles 
offorest to ~ln elevation nearly 1,000 feet higher forfeeding and then to 
return for oviposition, but extended observations through several 
seasons substantiate the conclusion that these fire the facts in the case. 

LIFB HISTORY 

There is a single genemtion of Tiphia matura 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, 
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. 
TIns species is evidently one· which, under slightly more favorable 
climatic conditions, would produce two full genern.tions each year. 

The seasonal occurrence 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 
attained during the third week in M.ay. In 1928 it was verywarm dur
ing the early spring, and the first nins fell during the llliddle of April. 
As a result the parasite began Lv emerge very much earlier thauin 
the preceding senson, the first females being collected on .April 11. 
They were present in considerable numbers from April 16 to 20, at 
which time a sex ratio of 25 femllies to 1ll1ale was noted-an abnormal 
condition, as with most species the reverse is true during the eady 
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part of the emergence period. After that date a decline set in owing 
to the cessation of the rains. The proportions of the sexes then be
came approximately equal. lDcreased 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, a considerably longer period than with the 
majority of spec~es of Tiphia. It is probable that the long period of 
life and the relatively slow rate of oviposition are due to the previously 
discussed habit of traveling long distances for food, which does not 
permit of daily visits to the breeding grounds. 

The egg of this species is placed ventrally on the abdomen in the 
groove between the eighth and ninth abdominal segments and near 
the lateral margin. The manner of feeding of the larva, and its 

development, corre
spond in all respects 

~OtlO 	 to those of other spe
~~7S0 	 cies studied. 
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I \ 	 COLLECTION AND REAR~ 9.2S0 II ..A 	 ING RESULTS ~ ~ooo 

~ ,)!7S0 I In 1926, the firstII '" _\~ ~.wo season in which ex
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1 \ species, 8,005 oviposi~ -'!St:I? tions were obtained. ~ 2!2J'O 11\ 	 These resulted in the~ 2..000 
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I 
If 1\, \ \. cocoons, of which 470 

~ t2S0 1\ ~ were discarded owing 1/ 	 J~ ~OOO 	 to attack by fungus.J~ 7';0 
1 .I'f./ 	 .\. I-i~ From May 5 to ~ ~~ 	 June 17, 1927, 12,606 1--0 

o 	 .... females were collected 
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A'''''*'/''': ;4l~Y _ '~ ovipositions were 
FIGURE 15.-NllD1bcrs of females of Tiphia"matura in the rearing tins obtained, resulting

(upper curve) and the daily records of ovlpositions (lower curve) dur
ing the 1928 seasou. 	 finally in the produc

tion of 13,407 cocoons. 
Ft~: 15 shows the number of females of Tiphia matu1'a in the 

bree' cages oach day during the period in 1928 ill which they could 
be secured in numbers in the field, and the daily record of ovipositions 
obtained from them under laboratory conditions. 

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 14J which date, or a few days earlier, represented the numerical 
peak of female abundance in the feeding areas. The greatest number 
of eggs deposited in a single day was 2,467, from 4-1033 females, and 
the number of ovipositions from 12,518 females during this entire 
period was 53,897. The general average was 0.39 egg per day per 
female, as compared with 0.27 in 1926 and 0.4 in 1927. 

http:31Z/J'/8Z/Z~Z7.1P
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From these eggs, largely upon Popillia cupricollis, there was finally 
obtained a total of 16,249 cocoons, a percentage of 30.1, the same as 
in 1927, as compared with 33.9 in 1926. 

The methods of rearing Tiphia matura in the laboratory were in 
general the same as those previously employed with various other 
species in .Japan and Ohosen, exceJ?t for modifications in the handling 
of the grubs following parasitizatIOn. The soil available for use in 
the breeding trays dried out and pulverized very quicldy, and the 
direct application of water to these trays during the development 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, wmch were soaked in water at necessary intervals. This 
moisture seeped down into the soil in a more natural manner and 
maintained a tJigher and more favorable humidity as well. 

The unsatisfactory physical condition of the soil, however, led 
finally to the use of freshly chopped moss as a 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 cases 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 
deud 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 earlier consignments were packed in tin containers inclosing 
heavy paper or celluloid cross-section blocks, of the type used in 
commercial egg crates, with one cocoon pJaced 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 §ets provid
ing compartments 1 inch square and 2 inches deep. Two cocoon:! were 
placed in each compartment, each cocoon being surrounded with moss, 
and sepamted from the other by a square of tin or celluloid. The trays, 
holding 450 cocoons apiece, were t,hen packed in sets of five, sur
rounded by a layer of fresh sphagnum 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 cocoons 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 t.he tempera
ture in the ,'uses must have been exceptionally high in tranSIt, UG 
other consignments forwarded at normal temperatures did not show 
this emergence, 
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The total shipments of Tiphia matura from India during the years 
1925 to 1928, inclusive, comprised 27,470 cocoons, practically all of 
which were reared from field-collected females. 

TIPHIA B!SECULATA A. AND J. 

GENERAL OBSERVATIONS 

Tiphia biseculata is nomlluly a parasite of a species of Anomala, 
but It will develop readily upon Popillia japonica. It was fu·st en
countered in 1920 and was tested at that time on the latter host, but 
the percentage of mortality in the egg and early 1anr al stages was so 
great as compared with other species that it was assumed that this 
host was unsuitable. It was later discovered, however, that this loss 
OCCUlTed also on the native host under similar conditions, and that 
development upon Popillia was fully as good as upon Anomala. 

Tiphia biseculata has been found to d ate only in a single locality in 
Schizuoka-ken, Japan, in a small, sandy peninsula jutting out a few 
miles into the sea nellr Shimizu, which has an exceptionally temperate 
climate as compared with that of the inland areas. 

LIFE HISTORY 

Owing to the very favorable climatic conditions prevailing in its 
native habitat Tiphia biseculata is able to develop two full generations 
each year. This and T. tegitiplaga, occurring in the same loc'ality, are 
the only species encountm·ed in Japan and Chosen having this habit. 
As the soil contains a very high proportion of sand the soil tempera
tures are relatively high, and insect activity is ex.tended over a longer 
period dm-ing the year. 

The adults of the spring generation appear in the field throughout 
Jllle and those of the second from late August to the end of September 
or to early October. Hibemation is in the adult stage in the cocoon. 
The fu·st brood feeds entirely on the honeydew voided by aphids in
festing melon vines Ilnd other truck crops, whereas the second feeds 
yery largely at the nectar glands found at the base of the leaf petiole 
of sweetpotato, at the blossoms of buckwheat, and at times extensively 
upon the secretions 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 lateral margin of the host. This position may vtU'y to a 
certain extent, some being found one segment farther caudad, and 
others may be placed in the median sutUl"e between the last pair of 
legs. In the normal position it is not situated so near the lateral 
margin of the host body as is the egg of certain other species, the 
anterior pole being usually at the inner base of tho hind leg. The 
host grubs used in the rearing work were Anomal(£ spp. 

The duration of the egg stage is 4 days in JUlle and. 5 in September, 
and the larval feeding period, to tho formation of the cocoon, occupies 
18 days in the first generation and approxinlately one month in the 
second, owing to the much lower tempel'atm-es of late September and 
October. 

The maximum number of eggs secured from a single female of 
Tiphia biseculata in captivity was 38, the average 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 egg production per day per female was 
thus comparable to that obtained with T. popilliavora at Koiwai (6). 

REARING METHODS 

The methods used with Tiphia bisecmata were identical with those 
previously employed with T. 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 larvae thro.u$.~ the movements 
of the host grubs in the sandy soil available at lVlino, 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 increased 
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 VelY largely due to the cornpara- . 
tiyely light attachment of the early stages, as previously described. 
The greater actiyity of the host gr~lbs in tlle rearing tins, as compared 
with that uncler natural conditions in the field, makes this loss. 
unavoidable. 

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

SHIPMENTS 

During the years 1924 to 1928, inclusive, 13,033 cocoons of T. bi
seculata were forwarded to tho 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 
laboratOlY October 21, showed a survival of U1, or 11.1 percent, but 
the field temperatures in New Jersey at that tinle of the yem· 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 Jerse:y on July 2, iLfter being 19 days en route. Only 
106, or 4 percent, were alive, these being among the last collected in 
the field prior to being forwarded. The very high mortality in this 
instance was probably due to the high temperatUl·es prevuiling during 
transit across the United States. The season of the year at which tlle 
first brood of adults must be forwarded thus makes this method of 
shipment impracticable, whereas the consignments of the second mTivc 
too late to be of value, consequently the rearing and shippin~ of co
coons has been the more satisfactory method of dealing \Hth this 
species. 

TrPHIA PULLIVOHA A. AND .T. 

GENERAL OBSERVATIONS 

Large numbers of Tiphia pullivora have been found in the Khasi 
Hills of AssllJD, India, at an elevation of 4,800 to 5,200 feet. The 
adults appellJ· in the field from late July to eady October and feed at 
various blossoms and nectar glands and on t,he honeydew from aphids. 
The principal host uncjer normal fiE!ld conditions is an undetermined 
ruteline species of ratller small size, while an occasional individual of 
Popillia cupricollis, in the second or eady third stage, and another 
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species of Popillia also, we;t'e attacked. The egg is laid ventrally be
tween the second and third abdominal segments with the anterior pole 
directed toward the lateral margin.· In the laborato:ry a 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 
might serve against P. japonica in .America, 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 
japon1.ca 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 normal host of Tiphia pullivora was very abundant in the waste 
areas in the hills sections, inhabiting fallow agricultural lands, lightly 
forested hillsides with rather sparse undergrowth, and sod alon~ forest 
pathways and roads. The field parasitization in some localitIes was 
found to range as 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 host grubs and the percentage of para
sitization, large numbers of cocoons of Tiphia pullivora could be 
collected in the field, and consequently rearing work for obtaining 
these was rendered unnecessary. Practically all larvae had Splill the 
cocoon by the middle of October, 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 cocoon 
of this type it is usually difficult, in fact impossible, to detect through 
external evidence whether such injury has occurred, unless the cocoon 
is very noticeably crushed. The truer indication is the early develop
ment of fungus on the body of the larva Il,nd the subsequent envelop
ment of the cocoon by the mycelium. 

During the period of collection the cocoons as soon as found were 
set aside in trays under as nearly uniform conditions of temperature 
and humidity as possible. They were then examined Il,t frequent 
intervals and those showing fungus development discll,rded to prevent 
its spread to other cocoons. . 

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

With the cocoons of Tiphia pullivora in the field there was inter
mixed a varying proportion of those of T. capillata A. and J. and T. 
levipunctata A. and J. As there was no means by which these could be 
distinguished, the entire lot was included in the shipments. Separa
tion of adults could be readily made at the time of emergence, as the 
latter two species are characterized by the reddish coloration of the 
legs. 

SHIllMENTS 

The :first consignment of these cocoons, comprising 5,300, was for
warded in N ovembe:r 1925, half being placed individually in gelatin 
capsules and half in paper cross-section sets in tin containers. The 
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apparent condition of tws lot on arrival indicated that 93 percent: 
were alive, and in a 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 through 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 United 
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 unsatisfactorily. 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 percent of a total of 7,539 emerged en route in spite of the 
relatively low temperature, but only one of these was alive upon 
arrival. The remaming cocoons were of doubtful vigor. 

Shipments during the summer were :finally abandoned and effo:.'ts 
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 resulted 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 years 1925 to 1928, inclusive, was 93,815, of which a 
varying proportion were of species other than Tiphia pullivora. 

TIPHIA BREVILINEATA A. AND J. 

Tiphia brevilineata has thus far been found only in the vicinity of 
Suigen, Chosen, and in rather limited munhers. It 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 Popillia mutans. 

The adults appeal' 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 
in the larval stage in the cocoon. 

The egg is at first translucent white, later taking on a yellowish 
tinge. It is 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 3 or 4 days, and 
the cocoon is spun from 12 to 15 days later under maximum tempera
ture conditions in Chosen. The outer covering of the cocoon forms 
a distinct envelope. 

In 1925, laboratory ovipositions numbering 140 were obtained, 
from which 75 cocoons developed and were shipped to the United 
Stat'es. Owing to the scarcity of adults in the field in the known col
lecting areas, it has not been possible to carry on extensive rearing 
work with this species. . 

TIPRIA NOTOPOLITA A. AND J. 

Tiphia notopolita has been found in relatively small numbers in the 
Provinces of Chekiang, Kiangsu, and Fulcien ill China, and has also 
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'been taken at Yokohama, Japan, and Suigen, Ohosen. Its normal 
hosts in Ohina are Popilliar chinensis Friv. and P. jormosana Arrow. 

The adults appear in th9 field in late August and may be found until 
the middle of October, this period varying somewhat 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 ina room heated to from 60° to 70° F. 

Owing to the scarcity of adult females and the small percentage of 
eggs which developed, only :.\3 cocoons were obtained during the two 
seasons. 

TIPHIA COMMUNIS A. AND J. 

Like Tiphia notopolita, T. communis has been found in Ohina in the 
Provinces of Ohekiang, Kiangsu, and Fukien, but in some numbers. 
In the field it is parasitic upon various ruteline grubs, mainly of 
lJliridiba trichophor1LS Fairm., and experimentally has been found to 
reproduce readily upon Popillia jormoso,na. At Penniu, in 1926, an 
examination of over 15,000 field-collected Popillia grubs showed a 
parasitization of 0.57 percentj while 1.15 percent 01 those of Autoserica 
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 numerica1 abundance of females being 
July 7 to 19 and September 9 to 21, respectively. At Penniu they 
persisted in the field until November. The adults of both broods feed 
at the blossoms of wild carrot and other weeds. 

The egg is pure white when laid but assumes a grayish or brownish 
tinge 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 CO(,00n. The 
cocoon stage of the summer generation was found to be 36 days. 
The incubation 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
tions 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 
upon its annual cycle. If these changed conditions result in only 
a single generation 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 1925, 
but all were dead on arrival.; however, during this and the following 
season 1,480 reared cocoons were shipped. 
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TIPRIA. ASSAMENSIS A. AND J. 


TIPHIA CLAUSENI A. AND J. 


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

TIPHIA 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 Taihoku, Taiwan (Formosa), in September 1927. The 
normal host in the field was not determined, but insectary tests 
showed that it oviposited and developed very readily upon Popillia 
grubs, and it is probable that some member of the genus is the true 
host. 

The egg has a yellowiflh tinge, and is placed ventrally between the 
seventh and eighth abdominal segments. The egg and larval stages 
cover 3 or 4 and 12 to 15 days, r.espectively. 

MISCELLANEOUS SCOLllnAE 

In view of the establishment in recent years of infestations of 
Anomala 07'ientalis, Autoserica castanea, and Serica similis in the 
eastern part of the United States from the Asiatic regions, it has 
become necessary to inve::ltigate the possibility of effecting the intro
duction of their natural enemies. In addition to Tiphia biseculata, 
T. brevilineata, and T. kOl'eana, which have been discussed as possible 
Popillia parasites, though attacking Anomula under normal condi
tions, the following species have been studied and shipments made 
to the United States: 

Parasite Host 'Country 
Tiphia bicarinata Camp-ron __ Anomala, Phyllopertha___ Japan, Chosen, China. 
Tiphia totopunctata A. and J. Anomala, Phyllopertha___ Chosen and China. 
Tiphia agiLis Smith_________ Serica __________________ Japan, Chosen, China. 
Tiphia ovidorsalis A. and L_ Serica ______________ - ___ Chosen. 
Tiphia asericae A. and L ___ Serica __________________ Japan, Chosen, China. 
Tiphia notopolita alleni A. Phyllopertha____________ Chosen and China. 

and J. 
Tiphia malayana Cameron __ Adoretus _______________ China. 

Sericll __________________ Chosen. 

TIPIDA IllCARINATA CA,"\I:ERON 

Tiphia bicarinata was found in very small numbers in Japan and 
in Fukien, Ohina, but was ablmda.TJt a,t Suigen, Ohosen. It is a 
normal parasite of the grubs of Anomala sieversi and Phyllopertha 
pubicollis and should prove adaptable to A. orientalis in the United 
States. 

The adults appear in the field from early in August to the middle 
of September and feed at the blossoms of various Umbelliferae. 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 segments of the host grub, or occasionally one 
segment away in either direction, with the anterior pole directed 
laterally. The egg and larval periods cover 3 and 12 to 20 days, 
respectIvely, lillder relatively high temperature conditions. The co
coon of this species may be readily distinguished from that of all 
others of the genus studied by its glazed outer surface and by the 
almost complete lack of the web of silken strands which usually 
surrolillds cocoons of TiplUa. 

Although with most species of Tiphia a second oviposition on a 
grub already parasitized results in the loss or breakage of the first 
egg laid, this does not necessarily take place with T. bicarinata. 
Very frequently grubs have been found in the field bearing 2 or 3 
eggs, 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 eventually 
spin normal cocoons. With other species the result in such cases is 
usually the death of both larvae. Under laboratory conditions a 
rrmximum of 6 eggs was laid in 1 day by a single female. 

In1925, 1,200 ovipositions resulted in 726 cocoons, giving the excep
tional percentage of 60.5 developing to that stage. The 1926 breeding 
work resulted in 9,982 eggs, from which 5,824 cocoons, or 58.3 percent, 
were secured. Shipments of reared cocoons to the United States to 
the end of 1928 totaled 5,720. 

TIPffiA TOTOPUNCTATA A..um J. 

One of the species which was secured in relatively small numbers 
at Suigen, Chosen, in 1925 and 1926 was Tiphia totopunctata. It is 
recorded also from Szechuen, China. It is parasitic upon the grubs 
of Anomala sieL'ersi and Phyllopertha pubicollis. 

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

The egg is dark brown and js placed dorsally Ol'i. the third thoracic 
segment, \y1.th the anterior pole toward the median line. Under fairly 
high temperature conditions the incubation period is 5 01' 6 days, 
and the development of the larva to the sp.inning of the cocoon 
requires 18 to 20 days. The outer covering of the cocoon forms a 
distinct envelope readily separable from the cocoon itself. 

Owing to the scarcity of adults, only 245 ovipositions were secured 
in 1925, of which 35 developed to the cocoon stage. In 1926, material 
was somewhat more abundant, and 1,307 ovipositions yielded 605 
cocoons, a 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 againRt 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. 

TIl'HIA AOILIS SMITH 

Tiphia agilis was found most commonly at Suigen, Chosen, but 
has also been taken in various localities in central Japan .and at 
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. 



PARASITES OF POPILLIA. J.A:PONICA IN THE FAR EAST 45 

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 various species of oak, and at a variety of blossoms. 

The egg, which is dark jn color, is laid ventrally between tp.e third 
and fourth abdominal segments of the host, with the apf ~'or pole 
directed toward the lateral margin. Hatching occurs in ~ 'or 4 days, 
and the larval feeding period is complete in 12 or 13 days 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. 

TIPlllA OYIDORSALIS A. AND J. 

A species parasitic on Serica sp. at Suigen, Chosen, Tiphia o-ui
dor8alis, has not been noted in any of the other localities of investi
gation. The adults may be found in the field during August, and 
feed 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 limited 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. 

TIP,lIIA ASERICAE A. AND J. 

Tiphia asericM 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 seriCll:3 
grubs which attain 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 trees. 

The egg is laid laterally in the suture between the scventh and 
eighth abdomintli segments, just ,aboye 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 to 12 days later, this 
being under the high ..tempera,ture conditions prevailing during June 
in Chosen. The winter is passed in the adult stage in the cocoon.. 

In the rearing work conducted at Suigcn in 1927,2,911 ovipositions 
were secured during the 11 days which could be devotp.d to this 
parasite. From these there finally resulted 947 cocoons, a percentage 
of 32.5, and of these 935 were forwarded to the United States. 

Two shipments of adult females, totaling 9,604, were forwarded 
during the middle of June, 192R. Only 58 out of the 2,527 in the 
first con~ignment arrived alhre, whXle none oftlle second lot survived. 
This result was in conformity with that secured with other species 
forwarded at the same 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 
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shipment.. Laboratory experim6i:iiiS and field observations also indi
cate that this species has a shorter normal adult life than is usual 
in the genus. 

TIEHIA NOTOPOLITA ALLEN! ROBERTS (T. NOTOPOLITA INTERMEDU. A. AND J.) 

The variety Tiphia notopolita alleni (14,) was found in relatively 
small numbers at Suigen, Ohosen, in 1924 and 1925, and is recorded 
also from Penniu, Hangchow, and Kuliang, Ohina. In Chosen it is 
parasitic primarily on Phyllopertha conspurcata Har., and some indi
viduals attack P. pallidipennis Reitt. The adults appear in the field 
dl'llwg the latter part of August and persist until the end of Septem
b!Jr. They feed very largely at the blossoms of Seseli. 

The egg is placed ventrally between 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. 

TIPHIA MALAYA."<A CAMERON 

The distribution of Tiphia malayana, as determined in these inves
tigations, includes the Provinces of Fukien, Ohekiang, and Kiangsu 
in Ohina, the greatest numbers being found at Zakow. It was found 
also at Suigen, Ohosen. 

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

The Ohinese form is parasitic upon the grubs of Adoretus sp., but 
ovi:posits and develops readily upon Popillia 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 April 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 is 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 maximum of 24 eggs 
was obtained from one female in the breeding series; and from the 699 
ovipositions obtained, mainly upon Adoretus grubs, 320 cocoons were 
formed, a percentage of 45.8. 

In the Ohosenese form the adults appear 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 Ohosen. 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 tmt 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. 

SHIPMENTS 

Of the Chinese form, 290 cocoons and 424 adult females were for
warded to the Upited States in 1925. 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 (6) 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 given 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 
e:\.i;ensive 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. bi,seculata in Japan to 61.8 
percent for T. popilliavora in China. In contrast to the latter record 
IS the 33.5 percent obtained with the same species in Japan. 

TABLE 5.-Rearing results with various species oJ Tiphia 

RatiO of cocoons to 
ovipositions 

Oviposi- Cocoons I---;---~Species Country Yenr Hons produced Dy spe
By year cies nnd 

source 

Number Number Percent PercentT. agili._____________ .. . ______ .. Chosen ____ ._._•.. _____do ____________ 1925 178 122 68.5 68.5T. Merieae_. _____ ._ ••• _________ 1927 2,911 947 32.5 32.5 
T. bie.rinnla___________________ •____do _____ ._. ____ { 1925 1,200 726 eo. 5 } 58.61926 0,982 5,824 58.3 

1925 5,048 1,034. 20.5 
T. bi.ectdala (second generation) Japan._._ ••• ____ ._,! 1926 8,756 1,700 20.1 25.9 

1927 18,069 5,47-1 30.3 }T. brevilineata_________________ • Chosen_ow. _______ 1925 140 75 53.6 53.6 
T. eomlllunis___________________ Chinn_____________ { 1925 4,155 1,250 30.2 } 31.51926 549 224 40.8T. malauana_______________ ._ ... ___ .do________ ._._ 1025 609 326 45.8 45.8 

Indin....________ ._ {T. matura______________________ 1920 8,005 2,712 33.0 
1927 44,562 13,407 30.1 3004. 
1928 53,S97 ]0,249 30.1 }T. phVUOphaga._______________ • Chlnn_____________ 
1925 2,118 86-1 ·IO.S 40.8 

npan 1920-1922 1)0,000 3,350 33.5 33. 5 --------.- •.•T. popilliacora..._____________ ._ r { 1925 11,307 7,794 08.9Chlnn_________ ._._ 
1926 13,071 7,738 59.2 ! 61.8 
1027 15,709 9300 58.9 

T. totopunctata _________ ______._ Chosen..__________ { 1925 245 '35 14.3 41.21926 1,307 005 46.3

--I 1923 5,785 2,350 40.6 
1924 10,963 5,506 50.8T. vernalis_____________________ 1025 13,530 6,404 47.3 47.3[----,,---- .1926 18,35.1 8,255 45.0 

Chinn___________ ._ 1927 8,SSO 4,659 52.5 f
1926 440 249 56.6 56.6 

I Approximate. 
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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. 

SHIPPING COCOONS 

It has been found necessary to reduce to a minimum the handling 
. of cocoons prior to shipment to prevent infection by fungous diseases, 
and also to insure against the spread of these diseases amon~ the 
cocoons during the period they must be in the shipping contamers. 
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 andupon arrival at the laboratory 
are placed in the storage chamber for hibernation and for keeping 
until emergence the following season. The test applied for the deter
mination of the physical condition of these consignments upon arrival 
was the opening of a series of cocoons and the noting of the general 
appearu.nce of the lu.rvae or other stages contained therein. If the 
decline in vitality is :relatively far advanced the body becomes flaccid, 
the normal glistening integument beccmes dulled, and the body 
contents assume a somewhat yellowish tinge. 

In the shipments from Japan and China in 1925 and later two 
general methods of packing were employed. The first wu.s the use 
of individual tin containers, much like the common salve boxes, of 
slightly less than 1 cubic inch capacity, in which the cocoon was 
placed, surrounded by u. 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 individual tin. The cocoons were individually 
surrounded by moss in these sections, and the sets were separn.ted 
from each other by tin sheets. 

With both of these forms of shipping containers the physical condi
tion of the immature stages in the cocoons at the time of arrival was 
good. The iI!dividual tills, 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. 

SHIPPING ADULT FEMALES 

In the extensive program for the shipment of adult females of 
Oampsomeris ann'luata and the various species of Tiphia from Japan, 
Ohosen, and China from 1926 to 1928 a variety of food materials 
were tested for keeping the wasps u.live en route. The liquids pro
vided in the shipping tins fulfilled two purposes, thu.t of supplying 
food for the insects and that of maintaining a pro:per degree of humid
ity. It was essential that tlus 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 a 
weak solution, the ingredients being either sugar or honey. Later 
a semisolid food was used, with greatly improved results. This con
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slsted of Japanese agar mixed with either liquid honey or sugar sirup 
in equal proportions. This mh:ture is liquid 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 ,,,ired to the 
mside of the container. 

m figure 16 is shown a section of the container used successfully 
for shipping both Oampsomeris and Tiphia. This tin is 6 inches in 
diameter and 10 inches high, with holes punched in the bottom for 
drainage. 

In the bottom of the tin is first placed a half-inch layer of sphagnum 
moss, then about 2 inches of moist humous soil, and this is covered 
with another layer of 
sphagnum moss, over 
which is fixed a woven
wire screen of half-inch 
mesh to prevent the 
displacement of the soil 
in case the containeris 
overturned. The bot
tle contains pure water 
only, and the lamp 
wick which leads up 
through the neck is sur
rounded by, and rolled 
into, a rather large 
mass of absorbent cot WOODEN BLOCK 

U--~---t:-~~,,=""=:~J--l'l/JT}I HOLESton, the whole being 
CONTilININCi FOODthen covered with 

gauze and firmly tied. 
This provides a large 
absorption mass and 
an extensive surface 
area from which tbe 
wasps may drink with

"'~"'_-1'717/ST SOIL 
out becoming entan
gled in the cotton, and 

.--fJlYER OF /'fOSSguards largely against 
spilling. The top of FIGURE l6.-Shipplng container (or adult Scoliidae. showing details 

of construction and contents.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 lil(e to burrow about ill it as they would under natural condi
tions. :1'.1oss 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 
Tiphia it is seen that in general the best results were secured with the 
spring species and that a very low proportion of those forwarded 
during the summer and fall were alive upon arrival. 

With the majority of species, the shipment of adults rn,ther thn,n 
cocoons is much more satisfn,ctory, both on the basis of cost n,nd on 
that of results secured, provided the time in tmnsit does not e.\:ceed 
30 days. 
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TABLE 6.-Shipments of adult Scoliidae, 1925-28 

Species Country Period Shipped Survival 

Number Number Percent
CampBomern annulata ___. __ • China-Japan______ :May-November__ .___ 31,060 4,219 13.6
Tiphia aserlcae __________ ••••• Cbosen__ ••____• __ June-July_._________ ._ 9, ro1 ;;S 0.1i 
Tiphia bi8ecula/a: 

Spring generatlon •••••• __ Japan._._______••_ ._.__do._._._________._ 2,6S1 106 4.0Fall generation_. __•• _.______.do____________ October____________ ._. 1,000 111 lL 1Tiphia communis ____•_______ Cbina___________ •• July-August______ .___ 107 0 .0Tiphia malayana._. _________ • _••_.do________•___ May-Juno___ •• __ ••.• _ 1,216 149 12.2
Tiphia popilliavara _______ •__ • .Iapan.______•_____ August-September_.__ 2, 2~9 65 2.9
Tiphia vernalis ••. __ ___••• _•• _ Chosen___________ May-June_ _________ __ 21,442 6,549 30.5 

NATURAL ENEMIES OF THE SCOLIIDAE 

A varied series of insect species has been found to prey on the im
matm-e 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 in the field in that country than was the case in Japan, 
Chosen, or China. 

In Chosen the sphecid wasp Pala1'Us saishiuensis Okamoto (15) 
stores its nests with the adults, largely females of various species of 
Tiphia, occurring in the field dm-ing August and September, 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 is stocked 
with from 7 to 14 adults, representing usually a single day's collec
tion, may result in n materinl reduction in the TipLin population in 
the localities suited to its development. 

Two species of mutillid wasps, Nlutilla stephani MagI'. and Mutilla 
sp., nenr antennata Sm., were reared from the cocoons of Tiphia 
matura and others in India, but only in very small numbers. 

An interesting record from the same locality is that of a species of 
Perilrunpus as an occnsionnl parasite in the cocoons of Tiphia pullivora. 
Ench yenr a 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 
access to the matm-e larva, to which it attnches itself externnlly, and 
development is completed. upon the pupn. 

A single species of rhipiphorid. beetle, J.l1acrosaigon pusillum Gerst., 
was reared from the cocoons of T~'phia matUl'a and T. pullivora. 
Some collections of the latter species showed a mnximum pnmsitiza
tion of 28.4 percent. The host is killed in the mature larval stage. 
The adults of this rhipiphorid show three color phases, some being 
entirely black whereas others have a red thomx 01' both thorax and .;.
abdomen red. 

The bombyliid flies are common pnrasites of scoliid. lnrvae. Three 
species, Exoprosopa sipho Ald., Aphoebantus clauseni Ald., nnd A. 
seriatus Ald., were renred in smnll numbers from the cocoons of 
Tiphia pulliv07·a. An extended account has recently been published 
by the senior author (5) on the biology of 11 related species, Ilyperalo
nia oenomaus Rond. The first-instilr lurvn of the pamsite gnins 
access to the mattu'e larva of the host in the cocoon, and development 
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is completed upon that stage. This species was also observed to 
develop occasionally upon larvae of Scolia and Campsomeris. 

The nematode Eomermis tenuissima Cobb was reared on several 
occasions from field-collected cocoons of Tiphia matura and T. 
puUivora. 

SUMMARY OF PARASITE SHIPMENTS TO THE UNITED 
STATES 

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



.;. 

TABLE 7.-Record of shipments of parasite material to the United States fol' the control of the Japanese beetle, 1920-28 ~ 
Genem and species Country ]920 1921 ]922 1023 19U 1925 1920 1927 1928 Totnl 

1-1---1-1---'---'---'---'---'---
Tachinldae: 

Centeler cinerea, parasitized beetles, dead ___ , Japan_ ••••••.••••••••••• , 951118.000 1 144,000 1 50,000 1 50,000 , ••••••••••,•••••••••• 142,000 09,400 603,~ ~ 
Elllrix<rpsis javana, parasitized beetles, dead_ •••••do••••_••.••••••••••••_____.....__ ...... 210 __ .••• __ ...._;;.................__....... 0 

IIamar.a inconurua, field·collected beetles, .....do. ___......__...... ____ •__.........__••. __....... 0,500 20,700 37,400 25,200 42, 1~ I"iiiii~ioo' 298,000 III 


living.

pyrgotidae: ~ 

0Ada]l8i1iajlaciscla, puparia..•____....... __ •• India.. _••__...................__ • ____......,_......... ,......__..,..........,.......... 0,420 7,601 3,041 17,062 
 :>-Dexildae: t<Dtxia vcntraild, parasitized grubs ............ ChOSCD ___..............._..................,... __ .....,..........,•• __ .. __ __ 850 S,024 11,850 21,324 

Pr0lle7!(l sibirila toP!IJ1lSltized grUbS.--.......--..---..- ... }J {----..... 800 7,800 """'--' •••••••• __,._........,......· ... ,..........1 5,000 13 000 cj
Fleld·collected grubs. ___••••_.....____ • apUD...........__.......__ ............____ """"" ll,ooo 49,000 25,000 25,000 40,000 __ ...._... 159: 000 

Scolihlno: 8Campsomeris annuiata- t.:;j

Adult females ..........____.....____ •__ } f....... __ ...................- · __ .......1... _...... 9,100 21,801 31,000 

Reared cocoons..................... __ ... Japan, Chosen, {'bina. __ {.. __..... "'''''''' .......... 4 324 20 \ ..........\..........\..__...... 348 

Parnsitized grubs .............__........ l ......... -...........................-........... 4,351 2,005 ._...........__..... 6,410 ~ 


Tiphia apilis, reared cocoons................ Cbosen..................__..... __ ......... _ ._"_.,,,, .......... _"""'" 105 02 ..................._ 197 

Tiphia a.'ltricae- C4 


0)9,00l 
935TiP~~~:~!?r~~~;~;~~;~~~~=:::::=::::: !~~~:~~:~=:=:::=:::::::~: ~=::~::::: :::::::::: =::::::::: :::::::::: :::::::::: ::::==;~:'::::~~~: ~~~~~~~~(:::~:~: ~O) 

5,720 cjTiphia biseculata
3,051 ~~J;J~~gJ:;snS::::::::::::::::::::::::: }Jnpnn.................._{::::::::: :::::::::: :::::::::: :::::::::: -...."OS· .... i~ii3ii· ~: ~08 ""5;323' ~: ~~~ I3,O~~


Tiphia bre.vilineata, reared cocoons••__...... Cbosen.____.............................................................. , ;5 10 \ .................... t::;f 

Tiphill commll11is- t.:;j 


107
~~~;Je~ngJ:s::::::::::::::::::::::::: }Cbina................... {::::::::: :::::::::: :::::::::: :::::::::: :::::::::: 1, ~gx ······224· :::::::::: :::::::::: 1,480 

Tiphia maiauana-

~ ;' 
,C;702 1.. _ ....... _ .. ___ 1__ .. _______ 1,216 0
~~~;Jc:~~::::::::::::::::::::::::: }....dO..........__...... {::::::::: :::::::::: :::::::::: :::::::::: :::::::::: ~~ 290 I:j ~5 
·..2,3'10· 0,300.. ··1........··
....1···..· 15,750 27,4;0~:~~:~ ~~~~it~~'~~e<;t~~~:ns:::::::::::: ~\a~a:.::::::::::::::::: :::::::::: ::::::~::: :::::::::: :::::::::: ::::=::::: ~ 10 ........ ,_ .......... 33 :>-


Tiphia ll%polita alleni,reared cocoons....... Chosen••• __.................................................................__..." 42 ..............._.. .. 42 

Tiphia ouidor8a/is, reared cocoons................do............................,............................... __....... 32 I-f


6; ........__ .......... PO ~ 

Tiphia phullophaqae, reared cocoons......... Chosen, China ............_•••__................................1.......... 1,409 , .......... ,.......... ,.......... 1,409 0 

Tiphia popilliavora-


Adult females ......: __ ._•• __.......... }JapUD Chosen China {................................---.--........... 1,030 1,210 1____......1.__...... . 2,249 

Reared cocoons..................____••• ' , •• , 395 005 2,050 .................... 7,585 9,135 10, 0G4 ....... __• 30,134 


Tiphia pullivora, field collected cocoons..... Indin....................................................____.......__.... 13,900 25, 417 32, 438 22, 000 
 03,~~gTiphia totoplt1lctalu, reared cocoons......... Cbosen................. __..............____ •••_".'.' ......____ •__.....__ 30 440 ...............__._. 
 I
Tiphia ver71alis- t.:;j 


Adult females. --.--....--.............. }Ch seu China {------..........--...--...........--.....···--.. ·1......--..1 4, 325 1 9, 808 1 7,249 21,442 

Reared cocoons.........._...____....... 0, """'--' ...........__..........._......__ • __ ••• 5, a48 5,097 0,054 3,150 .... __.... 21,455 


Car~!r;;donotus tibialis, adult beetles......... Japan................... 1,]00 ]5,350 ....................._..__.................__...._ .......... ,.......... 10,450 


... 




~-
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AGRICULTURAL AND CLIMATIC CONDITIONS IN CHINA 
AND INDIA 

In the previous publication (6) on the natural enemies of Popillia 
japonica in the Far East a short account was given of the agricultural 
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 respects 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 Nin~po. The hilly areas between Ching
kiang and Nanking, the mountamous district beyond Hangchow, 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 ill contrast to the condition found to exist in India, where 
practically all species of the genus which were at an ablmdant were 
found in numbers only at elevations of 4,000 feet or more. 

In the valley districts of the coastal Provinces of China intensive 
agriculture is practiced. Practically all of these districts are irrigated, 
the land being intersected by a complicated network of canals. Rice 
is the principal crop grown, with considerable cotton and large plant
ings of other small grains and various truck 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, a considerable 
portion of the more valuable valley land is taken by them. The burial 
mounds are usually surrounded by a border of grass 2 01' 3 feet in 
width. This grass is kept closely cropped by cattle, the graveyards 
being of considerable importance as grazing ill'eas owing to the lack 
of natural grasslands in these sections. These sod borders provide 
ideal breeding conditions for 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 
chinensi,s, P. mutans, and P. jormosana were the most abundant in the 
valley districts, while P. pustulata was abundant in several of the 
mountain localities in the Provinces of Fukien and Kiangsi. The ma
jority of the Chinese species of the genus appear to be foliage rather 
than blossom feeders. 

The agricultUl'al conditions in India differ maTkedly 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 
plains areas, upon which the vast portion of the population lives, are 
very intensively cultivated. Throughout practically tihis whole plains 
regIOn the unnual rainfall is concentrated into a 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 nblUldance 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 a 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 occur in them. These hills range from 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 smuil portion of the land is under 
cultivation, 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 Ass!1ID., in which section most of the work upon 
this project in India was done, attain a 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 natmal,and planted. The growth of 
these trees is not very lu.'{miant, 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 land to lie fallow for 1 or 2 years between 
crops. 'rhis fallow land provides an ideal habitat for the development 
of many scarabaeid species. 

Of the 10 or more species of Popillia known to occm in the Khasi 
Hills, P. cup7'icollis and P. cyanea are the dominant forms. Like 
practically all species of the group, with the conspicuous exception of 
P. japonica 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 N aga Hills in eastern Assam, 
which appeared to provide as suitable conditions as the Khasi Hills, 
revealed a very low Popillia population. The Nilgiri Hills in southern 
India presented more varied conditions than those of Assam, and a 
considerable number of species of Popillia are on record as occurring 
there, including one or two which at times become sufficiently abun
dant to cause injury to cultivated crops. In several trips 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 a single represen
tative of the genus was found durmg 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 rainffLll condi
tions at Sapporo, Koiwai, and Yokohama in Japan and at Suigen, 
Chosen, appear in the earlier publication (6) and those here given for 
comparative purposes are for Nanlcing, China, and Shillong, India. 
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The collection and rearing of parasites in Ohina took place at several 
widely separated points, but the Nanking conditions are taken as 
representative of the 
coastal belt in general. 

The temperature 
curve (fig. 17) shows 
that Nanking (lat. 32 
N.), though much far
ther south, has winter 
temperatures slightly 
lower than those of 
Yokohama (lat. 35.5 
N.), and summer tem
peraturse s I i g h t I Y FIGURE 17.-Montbly me~n teml!eratnre and average rainfall at · Nankmg, Chma, 1005-23.hi, gher. T h e maXI
mum monthly rainfall occurs in June and July, and the peak of the 
curve is considerably below that of Yokohama or Suigen (lat. 37 N.) 

and the annual total 
considerably less than 

~ that of either of the ~ -''" other two points~ mentioned.~ 
~ The temperature,; curve for Shillong,~HEH'pER~TU= India (lat. 25.5 N.) 

./ 

~\

-" (fig. 18), differs from 
........ those of the other 

- '" localities studied in 
.,... .' " "- that the winter tem

perature is consider
ably higher and that 

F1GURE IS.-Monthly mean temperatnre and average rainfall at 
Shillong, India, 1920-24, of the summer lower. 

The maximum rain
iall is attained rather abruptly in June, and the precipitation during 
the following three months is fairly heavy, the annual total approxi
mating that at Yokohama. With respect to minimum temperature 
and time of general rainfall, Shillong and Nanking conditions more 
nearly approach those of Yokohama than do those of any of the other 
fields 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, at 9 a.m., 3 p.m., and 9 p.m., respectively, rather than the 
usual 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 Ohosen 
(Korea), on the natural enemies of Popillia japonwa have been 
extended to Ohina and India. 

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

Among the Tachinidae, Oenteter cinerea has maintained its status as 
a major limiting factor in the control of the beetle in northern Japan. 
The .,-ery extensive collections of parasitized beetles 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. 

Hamaria incongrua (Ochromeigenia ormioides) has been found in 
num.erous 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. 

Eutrixopsis javana, Pexomyia genalis, and Trophops clauseni have 
been found in exceedingly small numbers in Japan only, and are of no 
.,-alue in the natural control of the host in its native habitat'. 

Adapsiliafiaviseta, the single pyrgotid species found to attack adult 
Popillia, occurs in the hill sections of Assam, India. Except in occa
sional very limited areas the axtent of parasitization of the host is 
very slight. .All factors in its biology indicate its potential value in 
the biological control of P. japonica to be very low. Its 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. 

Of the two dexiid species, Prosena sibirita has been found in the 
field from the early part of April till the end of September. It is of 
general distribution in the Asiatic and Malayan :cegions, but only in 
northern Japan is it of .,-alue against Popillia. Dexia ventralis has 
been found to have three generations each year when overwintering 
in Miridiba grubs and only t,wo when that period is passed in Popillia. 
Both species have demonstrated the ability to develop to maturity 
in only partly mature grubs, though tIns is not the normal condition. 

Among the eight species of Scoliidae parasitic upon the grubs of 
various species of Popillia, none has been found to have a uniform 
distribution comparable to that of its host; a high degree of parasiti
zation is seldom found, and then only in very restricted areas. '1 iphia 
popilliavora in Japan, T. vernalis in Chosen, and T. matura in India 
have shown the greatest field effectiveness in their native habitats. 
The eventual value of tIns group of parasites in the United States lies 
in the possiblity of having a series of these species rather than any 
sing)~ one of them. The food supply of the fl,dults is one of the most 
important factors affecting increase and distribution. 

Five additional speci~s of Scoliidae, comprising Oampsomeris 
annulata and four species of Tiphia, have been found adaptable to 
Popillia in the absence of the normal hosts, which are various species 
of Anomala. 

Owing to the recent establishment of Anomala orientalis, Autoserica 
castanea, and Serica similis in the eastern part of the United States, 
sh,';':es of their natural enemies have been undertaken in Japan and 
Ohosen. 
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During the years 1920 to i928, inclusive, eAi;ensive shipments were 
made 	of many species of parasites. .Among these, 603,495 beetles 
parasitized by Oentete'l' cinerea were collected and shipped, of which 
about 	90 percent contained puparia, while 298,000 live Popillia 
japonica beetles containing a variable percentage of Hamaxia incon
grua were forwarded, both species from Japan, and also 17,662 puparia 
of Adapsilia fiaviseta from India. Of the Dexiidae, 21,324 grubs 
parasitized by Dexia ventralis were shipped from Chosen, and 13,600 
parasitized by Prosena sibirita, as well as 159,000 field-collected grubs 
having 	an average parasite content of about 10 percent, were sent 
from 	Japan. Shipments of 17 species of Scoliidae 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. 	 r 

In the importation of scoliid parasites it has been found that, with 
the majority of species, the shipment of adults rather than 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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