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INTRODUCTlOX 

Investigations of the parasit('s of the Jttpanese be('tl{' (Popillia, 
.iaponica ~ewm.) were b{'gul1 in the Far East in thE' spring of 1920, and 
accounts of thpse investigations from 1920 to 1928, inclusive, have 
appeared in previous publications (9, 10).3 This bulletin, which 

I Submitted for publication ;\rar~h 21, 19;0.
, Transferred to the Di.. ision of i-'oreig-n Pllra..<ite Introduction Jul;- I, 193i. 
l ,\.ftcr termin~tion ?f t~e i'!\,estieations in .Indin In 19:!9. the i.unior author was transferred to Japnn, 

takmg charge of mwsugntlOns In that countr:r In w:n When the ScOlor lIuthor returned to the ('nited "tutes. 
• The authors wish to acknowled~e tho .. :tluable h~lp of R. W. Burrell. who asslst~d ill the work in Japan

and Chosen in the summer Of 1930 and again in 19,12, when h., wa..~ assi~nc(1 to tit .. work in those countries; 
of O. J. Haeussler. who supcr\"ise1 the investi~nlions in 193,1 in conjunction with the parasilC inYe5thmtlons 
of the oriental fruit moth; or K. :;ato.assistnnt in Japan sioro l~21; of S. Fujii; and of H, :iul!iura During
the.course of the jn\"esti~nFions in Jap~n. Chosen, India. fIIl~ Tai~\'an, the wri,lces "we J!rel1tl~' aided by the 
variOUS Gowrttmcnt offiCials of those conntrics. The lilt,,· ". [, h.uwana. (,hwf IIf the IlIIpenal Quarantine 
ServIce, and his stutl alTered e\'cry fadlilY for the work in Japan. The dirrclor and stnlT Of the Chosl'n 
Ag-riclIltural Experiment Station at "uigen. C hos,'n, hu\'c kinllly pro"hlccllahoratnry fil"iIllies. c!)('h SCl\SI)tI. 
The director and staff of the 'flli""an Agricultural Expl·riment ::'tation at Taihoku, Taiwan. kincJl\' [){'r"
mitled tltr usc of tbe station collection for determinauon purp"ses. 'l'h~ work in Indill wus aided tv '1'. 
Bainbrigl!;e Flctcher, Imperial Entomologist of that COllntry, atlll hy Col. [[. :;[orrison, Director oi the 
Pasteur Institute at Shillong, India, who prodded lahQrntory..cqnipmcnl fllCilities. 

, Italic numbers in parentheses rcfcr to Litcrature Citrd, p. 35. 
2.14374-10-1 

http:coliid.ae
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covers the work of the 5-year period from 1929 to 1933, inclusiYe, in 
Japan, Chosen, India, and Taiwan (Formosa), supplements the 
previous publications and presents additional information relative to 
the parasites previously listed, as well as accounts of other species 
fOlmd attacking the genus Popillia. In addition, investigations were 
mude on the pn,rasites of Anomala orientalis ·Waterh., Autoserica 
castanea (Arrow), and Serica peteglina Ohapin,6 three additional 
beetles which have b('come established in the northeastern part of the 
United States in recent years. 

The work in Japan, Chosen, and Taiwnll was cnrri<:'d on in n mann('l' 
similar to that of pr('\oious YNtrs, and consisted of collecting and rrar­
ing parasit('s of Popillia and rela.t('d SCilrabadc!tle nnd shipping tll('sP 
to the enit('d Stutes, tog<'ther with further studi('s on the fi('ld abUll­
dance and distribution of these pnl'asites. The investigations in 
India, which cent('red at Shillong, Khasi Hills, Assam Pro\oince, wpr(' 
continued along lines preyiously d('scrib('d, and consistrd of colll'cting, 
rearing, and shipping parnsites of Popillia. At thl' pud of 1929 HlC' 
work in that couutrv was terminatl'd. 

No iun~stigations~hay(' been carried OIl in China since 1926. Wh(,ll 

the work in that count.ry v,.-as terminated owing to the unsettlpd
political conditions. 

THE PARASITES OF POPILUA JAPONICA A~D THEIR 

BIOLOGIES 


During the period 1929-33 im-estigations w('re nUld(' in .JapHIl, 
Ohosen, Chime, India, and 'l'niwan of the parasitps of Popillia be('tl('s 
inc1ud('(1 in tahle 1, the iclc-fL being to introduc(' tlH'm into tlw Lnit('d 
Stutes for the control of Popillia .iaponica. Under normal £1('ld concli­
tions these speci('s are either parasitic on P. jnpanica or attack other 
m('mb('rs of the same genus. The deA-iids aI'(' capabl<:> of pnrasitizing 
other genera in til(' scamba('id subfamilies l\[do10nthillae and Sel'i­
cinae in .addition to Popillia. 

TAlILE I.-List of parasites of Popillia 'investigated in Japan, Chosen, China, India, 
and Taiwan 

ParasiteS of- Countrie:: Hosts 

Tb~ adult beNle: 

T~~;Z,~~~~}nma Ald... '" ___ .: Jal"'n._.____ •---------.- ____•___.J Popillin japonica. 

E t . ". T'" i do '( Do.
"TlIop.18]",ana o"ns .•__ ,,____ .--.--.----•• -----.-.- .. ----.ilAnomllla ~p. 

: 	 lIP.Pill," Japo"ica.I 	 . Popillia q1.!adriguttllta (F.! t
I 	 I l'opillll1 <hintll.i~ Fri,·. 

i Popiflia <yaTUa l.loP~'.t . . ,. Ik J Cb ('1 j I d' ; Papi/!", cvprz<uUi. J[orlC.Hamar.a In<ongrua ~ a ..----j apnn, . osen, Inn, n la____ ... Popillia 11IlIian. X. ,,'m. 
: 	 I Poprl!ia m18tul'llll Fnirm,

i ..lnom,l" orklltali. Wnwrh. 
: ~·tllomala Tufocuprf!L ~rt)t~.
I ·ldoulllJ ttTwimllCltiatll' Waterb 


Trophop. <1allscm. Ald-------.' J apan _____....... _..._. _________ ._ ,{PopUlia japonira • I rID mala ru'omprr•• 

Pyrgotldne:) I 


I 
-.. 1. 	 !JPopillia mpricol!i••

Adap.,Zla flae ... eta .\ld_______ , I nd 'f......-'." - .. _.- .-.---. _______ 1Pnp,lila <jllllla. 
I j pop,J!m mll.:rleUllnrli Hllpe. 

In prp\'iOllS publications (9, 10) this species is referred to as P. ca.t1lnop/era Hope. 

I In a previous pllhlil'ation (10) tbis spt;ci~s is n'(erred to as S••imili. Lt'wi,. 

I 

http:count.ry
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TABLE I.-List of parasites of Popilliainvestigated in Japan, Chosen, China, India, 
and Taiwan-Continued 

Parasites oi- Conntries 	 HostsI
-------;-------1--------
The Jan'a: 

Dcxiidae: I Popill;a quadriguitala. 


I Popillia utrocoeru/fa Bales. 

Dex.a fen/Ta Jd 	 \ Miridiba koreana N. and K.. /..s A ___________,: ChoseD_.____________ •___________._ Allomala spp. 

f, 	 IPhvllopertha spp. 

! 	 1 f;;~WiiJj,;pmlica.
Popillla cllpricolli •. 

Prou"a ..'f"',mla (F)• _._______\ Japan, ChOseD, I n(l'In. __•______ , Popill;a spp.• 	 ••_., A1.omala spp. ,	Adore/u.5p. 
Seriea spp.I 	 I!

Scol.ild~~: 1 . 	 I(Popillia cupricolli •.Tlph.a malura A. and L_____ Indla______________________________ ,,Popillia spp. 

I 	 IjPOJlilllUiapmlica.
I 	 Poplllia atrocoerlJlea. 

Tiphia popil!iarora Roh._____ l Japan, Chosen, China._ •. __•_____ .• Popillia quadrigllitata. 
• 	 I Popillia chin",.i•• 
i 1 Popillia (orrno&alla Arrow. 

Ti h'la pllII" ,\. d J ____ ! 1nd' ··_'1'lPOPiliiPopill;aa spp.cllpricolli •• p .rora _ . an : la__________________________ 

1 Popillia japoniea. 

.., , Ch' I Popillia qundrigultaia. 
Tlph"" remal,. ROh._____•__ : Japan, Chosen, lna...__ ._._.___ • Popillia chinen.i •• 


i I Popil/;a spp.
Tiphia sp. Taiwan 5.________; Taiwan-__________________________l Do, 

unly th(' investigations pertaining to the lifc historil.'s, habits, field 
observations. and reariIl6 and shipping of these parasites in the Far 
East are dealt with in this bulletin. The methods of handling upon 
arrival in the "Cnited States and the rearing, colonization, und effective­
ness of these parasites are dealt with in other publications (1,8,4,5,6, 
11, 12, 18, 14, lij, 16, 17) emanating from the investigations on the 
Japanese and ASIatic beetles. 

PARASITES OF THE ADULT BEETLE 

Investigations were carried on with four species of Tachinidae para­
sitic on adults of Pop-illia japonica in ,Japan and one species of 
P:yrgotidlle parasitic on adu1ts of species of Popillia in India. No parll­
sites of adult Popillia beetles were found in either Chosen or Taiwan, 
except Hama:ria inconflrua, which is known to be widely distributed 
throughout the Asiatic and ~falayan Regions. Centeter cinerea in Japan 
and the pyrgotid Adapsilia_fi(wisela in India have but one generation fL 

year and Hl'e we'll synchronized with their hosts in time of appeaI'ilnCe 
in the field. Eutrixopsis javana has but one generation a Y('llr find its 
life cycle corresponds closely to that of C'enteter. In Japan Ii. incon­
grua and Trophops clauseni have two or more generations a year and 
are present as adults in the field O\'e1' a longer period than al'C th(> 
Popillia bC'C:'tles, thus requiring otllt'r sCilrabaeid beetles as ail('rnate 
hosts. These are usually pl'('sC'nt in suffiC'ient numb('rs to C'nnble thest' 
tachinids to complete their MC' cycles, but a limited number or il, lnck. 
of alternate hosts in It new ('Ilvil'onment presents u sC'riolls hnndiC'up 
in the estllblis~tTl"nt. of these two specie::;. 

http:Adore/u.5p
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TACHINIDAE 

CEN'l'ETER CIXEREA Aldrich 

The biology and habits of Ceniefl'7' cinerea, the m08t cfTectin' pal'llsite 
of adult beetles of Popillia :iaponica in northcrn Japnn, I111s bccll fully 
(leaH with in previous publications (D, 10). Thc work during the 
period 1929-33 consisted in the inYC'stigntion of llC\V nl'en8 in ,Tnpnn to 
determine thc relatiye abundancc and dpgrp(, of fiplcl pnmsitizntion, 
and in the collection of pnrnsitizpd i)('etles for the shipll1l'nt of puparin 
of C. cinerea to the United States. 

IUYf'stigations on the islnnd of Hokknido in northpl"l1 ,Tnp~lIl reYC'aled 
tha,t Centeter cinerea was well distributed in pmcticaIly all the localities 
\vhere Popillia beetles were present. The nTcmge parasitization in all 
the localities innstigated was 37.2 percent during the hltter part of 
July and early part of August in 19:31. No doubt this anrngr would 
have been considerably higher hnd the obscrvutions lWl'n made cudirr 
in the senson. since preyious records at Sapporo on tIll' Silme island 
have shown that the parasitization drops of1' very sl1ddenl.\· Ilfter the 
first part of August. On the island of Honshu, just south of Hokkaido, 
the presencp of C. cinerea in different sections was distinctI.\" \-ariable 
nne! the degree of parasitization considerably lower as C'ontrnstpd with 
that found in Hokkaido. In no locality wpre more than :j;) pprcent 
of the beetles pnrasitizecl. The highest !'Utes of pnrnsitizn tioll wrre 
found in the hilly and mountainous sections of the northprn and 
western portion of the island, where the win tel'S arp sC'Yerl' Hnd SHOW is 
present on the ground throughout the wintC'r. In thC' lowlnnds of the 
pastern portion of the island, where the winters arp mild und little SIlOW 

{)ccurs, beptlc parasitization was found to be considC'rubl.\- lowpr, and 
in the section south of Yokohama no trace of C. cinerw WI1S found. 

1Yhile the distribution of Hamaxia incongw'a was bl'illg innstigatNI 
in Kyushu in southern .Japan in 1032, beC'tlps b!'aring eggs sil11ilur to 
those of Ce7~teter were colIeetNI near Ino and Kobayashi in the moun­
tains at the northern end of the island. }::;mergrnc(' of til(' pnmsitl's 
the following year proYed them to be C. cinerea. This makes thr third 
island in ,Japan on whieh 0. cinerea. is known to occur, and ('xU'nels the 
known southf'rn range much beyond that previously r('('ordpd. 

Popillia bpctlt's beaTing Centeter eggs wC're collrctC'd for l"l'I)ring and 
shipment in ] 929, 1930, und 1933. Approximatt'ly 85 p('reent of tllC' 
parasitized beetles produced Centeter- pupa ria. During thrsr y<,urs 
33,663 puparia were sbipped to the UnitC'd StatC's. The 1933 ship­
mt'nts, consisting of 6,163 puparia, were from brrtlC's ('0llpC' t ('(I in the 
yicinity of rtsonomiya and Tachikawil T1E"nr Tokyo. The ('entf'ler 
ndults occurring in these lo('alities are prpsent in th(' fipld tllp lattpr 
Pfil't of .Junp and early in ,JlIl.\-, or approximntrly 1 month Nlrlipr thun 
those at Sapporo in northC'm .Jnpan, from whieh all prpyiolls :::hipnlPnts 
of pupnrin l11atprial have originat('(1. fn virw of this and thl' ('OITP­
sponding COITl'latioll with th(' timc of rl11prgPlw(' of thp ho:::t, ('. cinerea 
from this section mny prOY(' to be hpttE'l' sYllchronizpd ill timp ()[ 
{'mC'rgpnee with POJ1illia japonica in the Cnitc'd Statl's. 

The mC'tbo<is of ('ollpcting nnt! l'pal'ing W<'J"(' the samp a" thosC' rl11­
ploy<'<l in pl'('\'iolls ypars. Tn pl'Pparing til£' pllpnritl [or :::hipnlC'nt 
great ('nre \nlS exC'rciseu in eliminating as much of the bpptip hody as 
possiblp. 
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HAMAXIA INC'ONGRt:A \Vnlkl'r 

llam(llia incongl"ua, a pm'usite of the adults of many species of 
Scarabut:'idae, is widely distributed throughout the Asiatic and 
IVlalaYfill Regions find in various tropicn.! countries. In Japan, 
where it occurs as a parasite of Popillia japonica, it has two and 
possibly thrre genE'rntions a year. Bping of crepuscular habitJ it is 
active mostly during the carl:r morning hours and in the cvening. 
Although the l'xuct ml'thod of parasitization is not known, it is 
prl'SUDlN\ that thc femult:' dl'posits fully de,'C'lopN\ lal'Yap l'ither on 
the host bel'tle or on the llrnrby foliagr, and that tlipse enter the 
beetle through thc softer portions of t111' body, 

Although no shipments of IJama:1'1'aincongrua have bern made to 
the Lnitrd Stll.tl'S since 1928, obsl'l'yations on distribution and degree 
of field pHrnsitizatioIl werc carri!.'d on in Japan during th!.' period 
1929-33. 

During 19:30, 1931, and H):3~ onl' 200,000 Popillia beetll's '\'('1'(' 

collected nt 108 localiti{'s, l'epn'senting a wide range of climatic tlnll 
enviroIlmeJltal conditions, 011 the islnnds of Honshu, Sbikoku, and 
Kyushu in ,lapan. These were collected from the middle of Junc to 
the end of August, nod in some instances eol1ections were made at 
weekly internlls. Since it is impossible to distinguish the pnrasitizp<l 
beetles in the field owing to the lnrvipositing habit of this tachinid, 
all collectt'd material was sent to the Yokohama laboratory for obser­
vation. Hama:ria incongrua was reared from beetles collected at 68 
of these localiti('s on til(' 3 islnnds. Emel'gpnee records from this 
collected mnterial showed that IIama:ria was the mol'l' abundant ill 
the hilly places cOn'l'ed wit.h underbrush in the wnrmer lll'('ns. Field 
pamsitizatioll wns excP('(lingly YftrinbJe in diffpl'ent spd,iol1s unci thl' 
genel'lll 11W'rnge yel'y low. In 110 locality 'were morl' than 20 percent 
of till' beetks pnrusitized and in only 13 localiti(·s WnS pnmsitizatioll 
a bovp 5 pC'rcl'll t. 

Pnl'nsi tized b('etles Wl'I'(' found ill tlll' fil'hl in ('('11 tl'lll lind westcI'll 
Japan thl'ougholl t tll(' season, the highest rates of pal'Usitization 
occurring during thf' latter part of June and early in .July find again 
the latter part of August. At Obuse, in western Japan, 5.1 percent 
oi tlle beetles were parllsitized on ,Jllly 9. 1932. Examination of the 
beetlf's from the same locnlity coll('cted .July 2.5, nnd 29 rC'vealed 
pnrasitizutions of 2,3 and 3.2 pNcpnt, resp!.'ctively, which incrensed 
to 14.3 percrnt of the beetll's roll!.'cted the last week in August. 
Popillia collected at Takao, near Tokyo in enstern .Japan, on July 3, 
19:32, had n parusitizfl tioD of 1.1 ppl'(,e'nt, which dl'opprd to 1.2 flnd 
1.4 percen t in ('oll!.'ctions made on J tlly 19 nnll 28, l'esppctiVC'ly, and 
rose flgain to 4.3 p('l'cent ill a lot collected August] 9, The differencps 
in the'se pal'nsitization r(>corc18 are no doubt tlue to the two generations 
of llamaJ·ia, I1ppearing in thl' field at tlwse times. 

In al'N1S wlH're adults of Popillin japonicn a.rp prC's('nt in thC' fidel 
over a period of ~ months or longer. llam(uia in('ongrua is ab}!.' to 
develop two gl'neratiom; on this host. but in arcas where this dOl'S not 
occur flltc'rnatc scarnbacid host bectles a I'e lleCPSS1UT for the pn'S('l'­
vation of this species. 
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EU'l'RIXOPSIS J.\ VANA Townsend 

In 1923 n,nd 1928 a few adults of Eutrixopsis javana were reared at 
the Riverton laboratory from shipmeuts of beetles parasitized by 
Oenteiel' cinerea forwarded from Sapporo, Japan, in 1922 and 1927. 

Although several attempts ha,Yc been made to obtain information on 
this tachinid in Japan, nothing relative to its biology or life history 
has been found. A cardul examination of beetles bearing tllcbinid 
eggs collected at Sn,pporo in 1928 revealed that all tlll pupuria con­
tained within the dead parasitized beetles wen' those of ('enteter. 
~10re than 100,000 beetles free from external tacbinid eggs were 
also examined, but not a single Eutrixopsis puparium ,vas found. In 
1930 approximately 10,000 PopilliCL weI"(' ('oUecteci at 9 otl}('r localities 
on Rokkaido Island.. ~Jore than half of the beetles bore tachinid eggs 
and the remainder were free from extemal eggs. Luter examination 
of both pnrnsitizpd and unpuI'fisitized beetles revealNl nothing but 
Centeier puparin. 

Apparently Eutri:l'opsis at times parasitizes Popillia in the' absence 
of some other host and may be consici('l'ed of little importance as a 
fnctor in the control of P. j(Lponica in In,pnn. 

TnOl'HOPS CLA l:'HEN! Aldrich 

Trophops cla1l8eni was first disco\'erNl in 1928, whl'n ~.OOO Popillia 
.iaponica brrtlps colll'C'lrd at Tokorozawn., neaL' Tokyo, ,Japan. late in 
June rcvpaled !t pa.ra.sitization of 1.2 pCL'eent. Bl'rth's ('ollrcted at 
this arCH, 1 wcek latl'L', ho\\'e,-el', did not eontain n single individual. 

In 1930, while the distribution of, and fi('lcl pnrnsitiz:ltioll by, 
('enieter cinerea find lIama:ria iIlCOn{/f"lla We'I"e' being inv('stigatNl in 
:XagHno prefedurr. westprn Japan, Trop/tops wns again pn('ollutrred 
in two locnliti('s. In 1931 it wus found in sCn'rnl n.dditiollllllol'ulitips 
in the sumc prefpcture. The highest pn.l"HsitiznLion WitS found at 
Obuse, ·wherc collections of Popillia in 19:~2 yielded 8.1 n.nd ,i.;') pereeut 
on July 9 H,nd ] :3, rrspecti vl'ly. The field pn.rnsitization of hcptll'S 
collected in all loealities, however, uyt'rn,gpd only 1.4 lwrccnt in that 
year. Of seyrrnl Scarabueidae present in the fi(·ld in these localities, 
Anomala l'ujocupl'ea. appears to bc the only other beetle a('cpptrd by 
tlus tachinid as a host. Although Popiliia heetle's collpded at 
Toko1'ozawa latp in .Junc in 1928 we1'P found to contnin Trophops 
laryae, no pnrnsitiz('(l beetl('s wcre found in NngnTlo prei'('ctul'e brforc 
July 5. Aftel' this date the degn'e of fipld pn.rHsitizntion increnscd 
until the middle of the month, aftrl' which it grndllnlly dePlined. 
After the first wepk in August no pnrnsitizcdPopillia could bp found, 
although A. r'll!ocuprea coll('cted late in Allgust wpre found to rontain 
larvue of Trophops. Colkctions of berth·s made in thr middle of 
July showed the sex ratio of the attacked brctles to be 61.=3 pcrcent 
mn.les nnd :38.7 perc('nl females. ' 

;Votes on the L1je llistM'y of Trophops claU.~flti 

Thp tachinid Hy Trophops clauReni is. npparC'ntly l10eturnnl in its 
habits, for it has never he('n obs('ry('d in Ih(' fil'ld. P:lrHsitizcd 
heetles are uSlln.lly found in rather hilly pinel'S with dt'l1s(' undel"­
growth. indicating fidel habits similar to those' of IIamaxia. Hppellteel 
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examinations of the beetles containing the 1aryue of Trophops showed 
no traces of external rggs, so it is nssuinrd that the femnle deposits 
living larvae, but the exuct mllnnel' in which it attacks its host or the 
manner of penetrution by the 1urva into tll(' host heet1(' has n('ycr 
been determined, The clrath of the bretle occurs when the purasitc 
larva has reached the eurly purt of th(' thin1 instal', TIl(' period of 
hu'va1 clevrlopmcnt in the host body is similar to that of Hama:ria 
incongrua, the t;tvemgr time from roHection of the b('('tles to pupation 
of the parasitE' being 9 clays nnd(,l' nOl'mnl t('mp('L'll tlll'es pr("yuiling 
during midsummer. In .July nnd August the pupnl stagr in Popiliia 
COWl'S a prriod of 1.5 to 17 clnys. Howrycr, in Anomala r1{fOC1lprea 
which werE' collected in the latter part of August the pupal peliod 
was 28 clnys. 

The rxuct llumb('l' of generations of Trophops in \\"(,8t('1'11 Jnpull is 
not known. although there arr at l('ust two a year, the first on Popillia 
und the follo\\'ing onr or morf' on a,'ailable Popillia nne! Anomala 
l'ujocuprea. In 1982 Tl'ophops en1l'l'grd dnrin.g th(' rnriy part of 
August from Popillia b('etl('s that had bern collected in the middle 
of July, und £1. 7'1tfocllprea colledC'd in the latter part of August 
were also found to contain lnrnlc of this parasite. 

The stntns of this tnchinid ns a pnmsite of Popillia japonica is 
son1l'what similnr to that of [Jamaj'ia incongnw, although its known 
distribution is morE' limitrd. BrcHusr of its low rnJe of field pamsiti­
zntion. ns ohs('l'wd in its natin habitat. in Japan, nnd its two or more 
gruel'Utions a yrnr conring it prriod of ndult ncti"ity of 2 months 
or long('l', the "alur of Troplwps clallseni ns a pnrasite of P. japonica 
in the rnitecl Stntes is questionabll'. 

In 1932 :1 totnl of :287 pupa ria of TropllOp8 clauseni "'erl' shipPNI to 
the rnitNI StntrR, from which only 16 adults ('merged in the spring 
of 1933. 

PYHGOTlDAE 

ADAP;;ILIA FI.A VIf<ETA Aldrich 

A full account of tIl(' lif(' history nnd genl'ral hn.bits of Adapsilia 
jial'i.w'ta, a parasite of adult Popillia bl'l'tlrs in Inclin. has heen given 
in a previous publication (10), In Indin this pyrgotid Il~· is restricted 
to the hilly sections that nre eoyered with wieldy Spltc('eI plnntings of 
pine trees and fnirly dl'l1sr undergrowth of brush nt an ('}e\'lltion of 
about ;).000 fl'et. It has only ol1r gl'nl'ration It year. the ndults 
apppuring in thefil'ld about thl' middll' of July, Its normal host in 
India is Popi/lia cllpricolli8 although P. tyanea n.nt! P. macclellandi 
arl' occl1siol1itlly pnrllsitizrcl. In parnsitizing th(\ bp('ll(\ lhr [('mnle 
.ildap.n·Zia. which is diurnal, rrmnins quirs('(,llt on th(' foliag(' nf'ar the 
feeding br('tlr until thr brrtlr tnkrs flight. whr['rupon till' fI~' immedi­
ately pOllnc('s upon thr b('rtlr from n.hoH', It tlwn quickly insCl'ts 
its egg through [1 long. rrlntiwly slend(\r and shnrp ov'ipositor into 
the mid-dorsal l'('gion of the b('(\tlr n.hdom('n Il('nr the junctlll'e with 
thl' thorax. . 

Thr work in Indin in H)29 was r\rvotc1rl to col1(,(,ting hl'(ltlr" l1E'fLl' 
Sbillong lWei sbi pping .1dapsilia pu pnria obtai nrcl from thpsr hl'('tlrs 
to the Cnited Stt1t('S. X0 furth!'r work was don(' with this BI)('('ies 
nftrr 1929 owing to th(' dis('ontinuntion of thr work in thttt country, 

Brrt1E's W(Ire collcet(l(l dlll'ing tIl(' period from July 25 to August 18, 
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1929, th(' majority being brought in from August 1 to 9, th(' p('l'iod 
when the synchronization of host and parasite is at its best. DlIl'ing 
this time 55;3,885 beetles we1'(, brought in by the llum(,I'Otls l1ati\'c 
collectors. FI'OIU these, 4,310 Adapsilia pupal'in. were obtained, 
giving a parasitization of 0.78 percent, as compared with 0.53 in 1928. 

TIlt' manuel' of renring uncI shipping wus similnr to thnt ('mployed in 
preyious yenl's. The beetles were confined in hl'a,"}" ca.rdboard boxes 
of approximately 1 cubic foot. capacity, Illld to absorb excess moisture 
the bottoms w(,1'e lined with fresh moss. Apples were used to f('ed 
the beetles and were l'('ph'nisbed on alternate dllYS. After 12 dn.ys 
allliye bC(,tles, which were (lvid('ntly Ullpn1'llsitized, W('I'e destroy('d 
nnd the dead olles placed in opm trnys to allow the Atlapsilia, which 
W(lre still ill the In.rvn1 stngr, to pupntt\. Artel' pupntion til(' UllCOIl­
SUlllNl body rontrnts of th(' host wrre rellloved to diminnt(' decom­
position gases that might arise durillg shipmrnt, to til(' detriment of 
the pllparia. The pupnrin. ,v(,1'e packed betwNm ltl~n'!'S of fresh 
sphagnum moss in smull, vrlltillLted 1'ectnnglllnJ' tillS, and n number 
of tlll'se, en tirely surroUlHlpd by /1 3-illC'lL layer of fl'l'sh mo:;:;, \\"('1'(' 

pfldwl in illS('Ctpl'oof woodell box('s for shipment. 
One shipnwnt eonsisting of 3,ROO pupnrin. was SPIlt to tli(' rnited 

Stnt('s in 1929. This arrin'd at its dC'stinn,tion Xonmb('r 9, Il!lvinp: 
bN'1l ell rou tp 42 ditys nt it t('mp('rntu!'e of 40° to 50 0 F. 

PARASITES OF TilE LAI{VA 

nEXIlDAE 

DEXIA \'EXTn.\T.IS Aldrich 

Del.'in 1'flltrali.'?, tilr most rommon of the Chm:<'!H's(' dl'xiids, Wilt'­
first found Ilt SUigl'll, C'hosl'lI. in 1922 (9). Owing to its ('olllplirntl'd 
biology no r(,Hring work for the shipnwnt of pnmsitiz('d gl'U bs to t1H' 
l!nit(>d StatN; 'was aW'mpted until 1\)21) (10), In that ,Yenr P()pilli(t 
jnponic(L grubs, whirh do not orcur in Chosen, \\"('1'(' eol1l'etrd filld 
shipped from nortlH'11l ,Japan to Fukuoka in Kyusitu, soutitNll 
,Jnpitn, for pnrnsitizlltion by Duia {('mnks fonnu·tkd from Chos!.'!). 
By thr tinlP n suiJici('nt numb(,!· of gl'fl.Yid f(,BmTe's Wt'l'(' n.vailablr Inte 
i11 JU11r, how('yrr, most of the grubs w('re too far d(\vdop('d for pnrn­
sitiztltion purPOR(,S, find only 850 pn.rnsitizl'd grubs were shipped 
to til(' enitrd States. 

In 1926 it WfiS d('('idpd to ('nlTY on rl'aring work in 0hos\'!1, utilizing 
the nutiY(\ ChOSl'll('RC' host grubs. This provrd to be very sucressful, 
and OWl' 20,000 grubs were pamsitizrd flnd shippl'd to titC' rnit('(l 
States in 102(3 lind 1927. B('ctlUSC' oJ til(' dlLngPl' iIlYoiwcl in shipping 
to the rnited Statt's Jive grubs othrl' thtlll tilos(' of POJlillia .iapflnica, 
owing to tIl(' risk of .'111 rscnpl.' of thrse sp('cil's, no l'('uring w(lI'k WIlf. 

cHrril'd on in Chosen in 1928, but 11 mdhod WIIS dl'vC'loppd whpl'pby 
adult fC'male DI'J'ia could be sitipPl'« LO Yokollilma SII('cl'ssfully. and 
in 1029 rrnring work wns rnrri('d on til('l'C', the grll bs of P. japof/ ira 
being IIs('(I tiS hosts. 

Tabl(' 2 shows the slllTi"nl of ndult f('malC's of [Jain /·('lltr(1Ii.'{ for­
wllrd('(l from SlIig(,Il, Chospn, to YokohfilJ11L in 1029 Hnl! 1930, til(' :? 
yciU'S that rC'aring work WilS el1JTi('d OIl. TIle I1dults \\'PI'(' ronfillNI 
in thl' shipping containl'1's, which WCI'(, similm' to thos!' l'lIlploy<,d ill 
transporting Scoliidne, n.pprox11llat('ly 7 days from the timr o( ('oll('e­
tion to the t.im(' of removaL 

http:EXTn.\T.IS
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TABLE 2,-SuTviL'al of adult females of DeJ:ia ventralis shipped from 81tigcn, Chosen, 
10 Yokohama, .Japa11,in 1929 and 1930 

Adults Adults sur'l'l\'ingYear Generntion shipped' shipment 

Numb" l\rumber PercentI 

19'29_ •••...•••••••••.•.••••••••• _.' FirsL•••••••••••• _.• , __ •. __ .••_.1 06.3 ' 552 83.3 

192'.1.. __ .••••• ______ • __ •• ____ ..... : 'l'hird...____.. __ ................ ' 2,281 1,800 : 83.1 

1930.. __ . _•••••• __ • __ ............. , First............. __.._____ ._.._. ~9() , 6S-\ .6.8 

19:10_ ,'_. __ .. _____ •_____ .. __...... 1 :;erond_____........ __ ..... __ .. .. 2,051 ' 1,4il 72.0 

1930••• __ •.•.•.• , .... __ ........... : Third....... __ ...... , ........... 2,483 ' 2.008 . 80.9 


Total .... __ ......... __ . __ ..! ................. _..............__ 8,368 t 6.61, ]---,-().-1 
, 
I 

It was extremrly difficult to obtain Popillia grubs in any numbers 
in the ,--icinity of Yokohamn for rearing work with De.ria, but. this 
was OYerC0111(' by collecting ancl shipping grubs as IH'eclNI from Hok­
kaido in nortllt'rn Japall to Yokohallla, n procedure which proyrd 
to be yery satisfactory and inrxpl'nsiYe. ~0 rearing work was 
attempted with the s('cond gel1l'rntion of DeJ."ia in 1929 o\'\ing to the 
impossibility of s('curing u sufficient number of grubs in IIokkuido 
during August. This was the YNl.r of grub scarcity in northern 
,Japall , \vhen less than 1 percent of the oYC'rwintering grubs huying 
a 2-y(·nr lifc cyclc \\'('l"e still in the brynl stage at thn t time of the yeal". 

The ptlrasitizNl grubs obtain('d tlu'ough parasitization with the 
first and s('concl g('l1Pl'ntions of DU;(L in June nnd August, l'PspC'ctiYely, 
wel'e shipped to thpCnit<'C1 Stat('s immpdiatrly aftC'1' bt'inf! pnra~itizcd. 
DcYC'lopment of the parasites took pla.('e P11 route. nnd the adults 
emrTgecl sho1'tl)- uiter nrriyal at tlH'lT destination. Grubs containing 
tbe hibernnting ln1'yue of De; ia obtuined through pnrasitizatiOIl with 
the third-g('lH'l'ntion 1Ii('s in 8('ptp111her nnd Octol)('r, \\"Pre kPpt OY('1' 
wintpr at 10kohi1111tl in n wl'll-c\rain('c\ plot ('oY(,I'NI with sod. The 
wintt'r lllortnlity of these grubs was rnthel' high, ns only 17.1 and 
HL9 pcrcent werc nIl\"(' when dug up [or shipnlPnt in the springs of 
1930 lllHl 1931, rl'spertiwly, 

Rwring and Shipping Jf£t7wds 

The rcuring work with lJ"J'/'(l l'(fltl'(llj.'1 was accomplisll(,d hy using a 
bn·pding-jnl' 111C'thod simillll' to that employrd in ]Jl'e\-iolls y('nrs, 
Approximately 50 grubs \\'('I'e placf'll in the lo\n'rhalf of a l-qual·t 
glnss jar with soil. A fin('-IJ1Psh SCI'epn cngp contllining 5 or () lJ('.tia 
f('malp:; WIlS fittNI into this jur lind rPRtpd on til(' soil. nnd through 
this scn'PI1 into the soil til(' dl'positcd lalTHP pns"NI in "pal'ch of the 
host gruhs. 1'llP grubs wpl'(~ ('xtunilH'd pneh chty Hlld thORP showing 
thf' pnrnsit(' n·"pjl'ntol'~' funlwl \\'('1'(' ('('monel nne! T'\'placpd with frl'sh 
g-rub". The flips, which \\'Pl'(' fpd I'Pg' III ll['l\' with it solution of su,!!nr 
und watN, lin·d f['om 3 \\·(·C'k" tc) J IJ1fll1th i'n til(' cage:; nnd pnrn"itizl'd 
fl'om a5 to ,')0 pP['c'pnt of tlH' grub,; I'ach dn,v. 

In pucking the pnrnsitizp<1 gruh,; 1'01' shipnwnt. iin-lillpd hoxl's, 1 
foot squnrp und Ii inch('s dN'p. W(,I'P wwd. Each l)()x contni!lpd 5 
cro;;,,-5l'ction s('ts RPparut!'d b.\' lin pintp" pl'oviding it COll1pnl'tllH'nt of 
nhout 1 ('\lbic inch foJ' Pilch of .'jOIl gl'ubs, Fol' shipllll'llt :2 of thpse 
hoxps \\'('1'(, packl'rl tog!'tlwl' in n ,,(Tong woodpl1 ('nsp. TIl(' soil in which 
thp gru bs \\"('n' pu('k(,d had hren thorough Iy fumign tl'd wi t h ('arbon. 
(hsulfid(' to ('limirmtC' any otlw1' in"l'cl llln.trrial which might htwe 

23-13;-1----40-2 
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been present. In table 3 is a summary of shipments of pal'asitized 
grubs and the percentages of parasite emcrgenee after arrivul in thl' 
United Stntl's. 

TABLE 3.-SlImmary oj shipmen.ts oj Popillia japonica grubs l)ara.~itizcd willi. De.da 
I'entralis Jrom Japan to the United States, 1929-31 

Year Contents oC shipment Grubs Parnsites emergingship(led-------1--------------- ---- ______ 
lVumber lVlLmber I Pen'tnt

19211.-..•..•••.••••••.._•• Grubs pnmsiti1.ed with flrst'generntion Dezia ~ ~,500 ~51 ; 10.00 
1930_.••• __ •. __ .••••• __ ,.. Overwintered grubs parnsitized with third· 3-- . 

gcnemtionDaiu .. ~~_.~ .. ,. __ ~~ ... ___ ._ .. ___ ~ 3,000 II' 12.6 
1930••• ___••••.• _._•. _._._ Grubs pamsitized with lirst-!!enerntion Detia~~ 8.000 1,504 ; 18.S 
1930._______..______ ~ _.. __ Orubs pllrasitized with ~econd-generntion Dr.:tia 7,000 l,42'J I 20,3 
1930..____.. __ ... ~ .... ~ ~ _. GrUbs pllmsiti1.ed with second-genemtion 2,500 399 : 16, (f 

Dufu, II1931.._______.......____.. O\'erwintered grubs paraSitized with third- 4,000 345 . 8, (} 
generation Duia, I , 

I 1'----:----- ­TotaJorn\'eruge~._i- .._...........__ •••.• __.. _. ____......___ • ___ ~ ~ ~)(J,OOO I 4,499· 15.5 

f i i . 

Owing to the establishment of Di.ria l'entrali,~ in tIl(' United Stutes, 
from which materinl for l'ccolonizlltion was availabll', no shipments of 
this pfll'flsitl' Wl're made aftl'r 1931. 

PnOSENA SIBII!1TA (Fabricins) 

Thl' dexiid fly Prosena sibi7'ita, ",.·liich IS gl'llcl'fllly distrihut('d 
throughout till' Asiatic and ~IalaYlln Hegions, is an importnnt pill'l1­

sill' of PopWia ,iaponica. in Kol'th('1'l1 Japan, It hns olle gl'llel'ation 
a Yf'IU' ami is tllpubl(' of' pal'llsitizing and df'wloping Oll numpl'ou,; 
sppcil's of seal't1bnpid grubs of suitnblr size, The life history nnd 
ililbits of this dexiicl huve been fullv dPidt with in previolls publiea­
tions (9, 10), • 

The shipments from 1923 to H)27, inclusi,-e, cOl1[-iistN[ of fit'ld­
colkrtf'd grubs of Popillia .iap(mit(l, whieh showl'd a getH'rnI fit,ld 
parflsitization of 10 to 15 percpnt. Becaust' of till' impossibility of 
detC'rting the pl'esenee of the pUl'llsite lat'nt, whieh is nttuchNI to tlH' 
main trnelwal trunk of the host, all collpcted gl'Ubs W('I'(' shipp('(L 
Tllf grubs \\'('re dug in Hoklmido rudy in the spring lind imnH'dilltely 
forwarded to the rnited States, arriving thet'e shortly beforp tll(. 
eml'I'genee of the parasites. Although this method pro\'ed sntis­
factory, the trllnsportntioll costs wPl'e ('xtrC'll1('ly high, nnd in 1927 
it was df'cided to pal'llsitize till' grubs nrtifjeiall)- by 11 m<'thod that 
hnd bCl'l1 «('\'eloped in 1921. This 'ms aecomplished by dissecting til(' 
first-stag(' larval' from tIle oVlsacs of the gl'Uyid femuks and trilllS­

ferring them to thC' host grubs by mcans of a fine bl'llsh, To instll'l' 
penetration by the parnsites, the grubs with til(' smal! lnl'Yllc w{'I'e 
vlaeed in cclIs of suitable size in wooden bloek:; fot· it pet'iot! of 24 
hours brron' being plaecd in thc field, whf't'P tllr.\' oYC'l'wintrl'l'd, 

Late in the summer of 1928, 40,596 grubs W(,I'l' artificially PUI'll­
sitized in 1l0rthC'rTJ Japan llnd placed in a prcpn.red soil plot, w('11 
drained, co\'ered with sod, and surrounded to a depth of 18 inch('s by 
a fine-mesh screen to pr('vent the gnlbs from wumlcring nwny. T11('s(' 
grubs were dug up carly in May 1929, and 19,440 were nliv(', of whieh 
19,000 weI'£' shipped to the U ni ted Stat('s, 

In 1929 it was impossibl(' to s{'eure sufficient grubs for inoeulatioll 
work. Consequently it was necessary to colleet Pro.sena femulC's and 
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ship them to the Yokohnma laboTfitory und carryon pal'asitization 
work there with available, current-year grubs from that vicinity. 
Only 12 p('rcent of the females were alive on arrival at Yokohama. 
Tlus high mortality WitS due to the extremely hot weather prevailing 
at the time of shipment. Out of 364 females received alive, 159 
contained Inrvae sufficiently developed for this work. During the 
latter part of August, 6,300 grubs were parasitized and placed in 
hibernation qunrters. As e~:perienced with the overwinter~d grubs 
parasitized with Dexia '1:entralis, the wintPI' mortality was ('xceedingly 
high in this material and only 900 were alive wh('n dug up the follow­
ing spring. These with the 19,000 shipped in 1929, together \\rith the 
29,000 of DeJ:ia t'entralis, make a total of 48,900 grubs containing 
dexiids thnt. were shipped to the United States during the period 
covcl"('d by t.his bulletin. The method of pl1cking tIl(' pnrasitized 
grubs for shipment was the sam(' I1S that described for shipment of 
grubs parnsitized with D. ~'entra!is. 

No shipments of Prosena sibirita wer(' mude aftN' 1930, ns this 
parasite was then established in the Vnit('(1 States. 

SCOLIIDAE 

During the course of the investigations from 1920 to 1933, inclusive, 
on the pnrasites of Popillia and related scarabaeid b('etl('s in the 
Orient, a huge number of Scoliidne, principally of the genus Tiphia., 
were found and intensively studied. ~fost of tht'sP species, which 
were consid('recl to be nt'w, have since been des('ribt,d (2, 18, 19, 
20,21). 

In table 4 is presented the 1.llown distribution in .Tnpllll, ChOS('D, 
China, Indin., nncI Taiwan of all species of Tiphia real'('d or shipped sinet' 
the initilltion of the work. Of the 29 sp('ei('s list('ci in this tablr, 8 nre 
known to occur ill Japan, Chosrn, and China; 2 in Ju,pnll nnd ChOS(,Il; 
and 1 in ChOS('1l and Chinn. No doubt furtlH'1" innstigtltions will 
show a much wider dissemination throughout the Orient. Of the 
species mentioned in this bulletin, only l'iphia bisfculata nnd T. 
tegitiplaga, purnsites of Anomala allld occurring in southern Jnpnn, 
have 2 distinct generations a. year. 
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Investigations have shown that the normal host grubs of these 
species of Tiphia occurring in several countries fall within generic 
rather than specific limits. This may be exemplified by T. 1'ernalis, 
which has Popillia q'uacil'iguftata as its normal host in Chosen and P. 
('hinensis in China, but will oviposit and develop on P. Japonica 
equnlly as weil, There is little variation in the biology of those species 
occurring in different countries or in widely separated areus in the same 
country other than the time of ftppearance of adults in the field. TIllS 
variut.ion in field appenrance is due to temperature conditions and the 
presence of suitable grubs in the soil. 

The luck of sufficient adult food and of suitl'.ble host gl'ubs in the 
field are limiting factors that influence the effectiveness und distribu­
tion of TipMa. The food supply of the adult" consists mainly of 
honeydew exuded by aphids and other bugs, the blossoms of various 
plants, principally Umbelliferae and Polygonaceae, and the nectar 
from glands nssociated with certain plants such as the sweetpotato. 
Suitable host grubs are those species wlllch are of sufficient size and 
are accepted by the Tiphia, and are present in the field, usunlly near 
the parnsite feeding grounds, at the time when Tiphia adults appear 
in the field. 

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

Tegl'"plogo 
8iseculata 
Burrelli 
Sternata 
V.rnalis 

Isolota 
Pull/vora 

Hamancularis 
SOfo; 

Coston easvora 
and sp. 

Popilliovo,o 

Notopolita aI/em 

Asericae 

Maturo 
and sp. 

1<!G('RE I.-The position of the eggs of \'llrious species of Tiphia on the host ~rnb. 

TIPHlA VERNALIS Rohwer 

Tiphia l'ernalis WI1S first found in Chosen as a normal pnrasit~ of 
Popillin 'luadl'iguttata, hut later imrestigations revealed that it would 
oviposit and develop ('qunlly as well on P . .iaponica. The present 
knowledge of the distribution of T. canalis indicates that it covers a 
O'reater rlmge of territory than was at first supposed, ancl it is now 
known to occur at 7 localities in Chosen, 4 in China, and] 6 in Japan . 
.Although a normal parasite of P. quadriguttata in Chos('n, it is nssnmed 
that i.ts normal host i.n .Japan i:; P. japonica, since this beetle occurs in 
all localities where this Tiphia is found. A full account of the life 
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history and general hu,bits of T. rernalis n,t Slligen, Chosen, bus been 
given in previous publications (9,10). 
~ Previous to 1926 nIl shipments of Tiphia rerllali.s consisted of cocoons 
reared n,t Swgen. The work of propagating this materinl not only 
involved a tremendous amount of labor in rearing itnd packing, but 
necessitated laboratory overwintering in the United Stutes alld mnting 
of the emerged femnles the following spring before colonizntion in the 
beetle-infested nrea could be Il,ttempted. 'While studying the life 
history of T. vernalis tlt Suigen it wns found that the femules lived 
approximately 6 weeks under laboratory conditions. In 1926 a trin} 
shipment of adult females was made in speciully constructed shipping 
containers provided with food and water for the females during transit. 
Although the material was ell route approximately 25 dnys, this 
method of introduction proved sntisfactory, and later investigations 
in the United States showed that imported females lived an avemge 
of 25 days t1fteL' nrrivul and deposited un average of 38 I'ggs per 
femnle (11). 

Shipments 

The work on Tiphia rernalis nt Suigen, Chosen, during the period 
1929-33 consisted in collecting adult femnles in the field nnd shipping 
them to the "Gnited States. In nddition, some rearing work wns cRrried 
on in 1933. Owing t.o the rapid transformation of Popillia ja.ponica 
grubs to the pupal stage after the middle of June, tl11 cOllsigIlln('nts of 
adult females were forwarded so ns to arrive at. their destination before 
June 15. In table 5 is R summary of the various shipments of udult 
femnles from Chosen to the enited States from 1926 to 1933, inclusive. 

TABLE 5.-Summary of shipments of adults of Tiplda /'emalis from Chos!?n to the' 
('nited States, 1926-.'3.'3 

I Adults I Adults survivingYear Shipment shipped shipment . 

I ,---------1 1--­
Nllmb<r ! l\-umber t Peru7IL

990' 99 , 10.0 
1926 ................ : .•.. :W~~~.:::::::::::::::.:·:::::.::::.I 1,5:15 ! 43 f !!.S 

1,800 i 312 ! li.3 
1927................. _.••. _'JFirst ... _.•. _ .... _ a

t 
584 , 2, S-4 t ~ iu.a 

ll;:econd. -_ -. .. •. 2. 370 ~ 31.76.2S4 t 
3,2lJS I 1,396 : 42.3 

159 4.0~:~~ i 4,54'4 Sli.5 
5. iOO i 3, r,~9 6-1. i::::::..:..::: :lf~.·...::.......; ... :•.••. I, 310 ~ 1.233 91.1 
5.6,,0 ' 4.9-12 I 87. ,)
2,899 2,736 : 91.4 
2.S19 I 2.~2a ! 89.5 
3,3m a,lar. t 93.3 
8,3i9 T, JZi 1 Ro.O 

12,412 . 10,237 . S2.5::::::~:::::::=::::Jt~~::~~:;·.::·•.··... :...i·i 
Totnl or average.••..•••••• _•• _. _. __ . _••• _..• _._. HO,257 : 4i,413 65.51=====
Total or average (or the 5-year period co\'ered h~' this bulletin _. 4i,SI5 40.193 8-1,00 

It will be seen that, with one I'xception, tlH' first consignments of 
nduIts each year, which wer(' collected shortly nft('r (,ll1cl-genc(' nnci 
before nny cxtcnsiyc odposition hlld b('('n fH'coll1plislwd, gll\'e II, 

higher percentnge of sUlTi \'ul than those coLL('ct('d lllter in the S('!tSOIl. 

The percentnges of surviynl in shipmr-nts mnde nftN 1928 un' notiel'­
nbly highel', nnci this is Ilccount('d for by It chl1ng(' ill the food In 
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the earlier shipments the food consisted of a weak sDlution of watel" 
and honey or sugar. After 1928 the food consisted of pure honey and 
pure powdered sugar kneaded into a composition resembling cundy. 

After the termination of collections for shipment in 1933, females 
were still abundant in the field at Suigen, and it was decided thnt this 
material be u<;ed in rearing work. From 1\'ln,y 24 to June 26 a total of 
11,031 females were collected, from which 65,G53 parasitized grubs 
were obtained. These produced 37,045 cocoons, or 56.4 percent. Of 
this number, 28,380 weI'e shipped to the United States. 

Owing to the very successbl establishment of severnl colonies of 
Tiphia 1'ernalis in the beetle-infested arel\, in the Lnited States, from 
which thousands of females arc nxailnble for colonization each yenr, 
no further introductions of this parasite are neceSSl1l·Y. 

TIPHIA POPILLIAYORA Rohwer 

T1'phia popilliarora wns first described from specimens collected at· 
:\Iol'iolm and Koiwai ill northel'll ,Japnn in 1920. The next yeur a few 
individuals were found at Yokohnma, and sub<;equent iIln'~tigations 
revealed t.he presence of this species at 16 Iocnlities in J,lpan, 2 in 
Chosen, and 2 in China. To date surh nnatomicnl difl'erences ns 
hilve been found in examination of specimen mnterinl from these 3 
rountries haw' not been sufficieIltly constant to wnrrant the assump­
tion that more tilnn 1 species is irlYoh"ed. Tlus is ulso the opinion 
expressed by Allen and J,lynes (2). As is also pointed out by these 
authors, howenl', there m'c biolng-icnl tliffen'nccs betw('en the form 
occurring: in Japan and those ot:'rllrring in Chosen and China, und 
because of these (lifl'Nences indi\"idunls from each country ure refelT('d 
"to us a separnte strain or race. T. popillial'o/'a. is distillC"tly u parnsite 
of Hl(' grubs of yurious species of the genus Popillia and dt'l)('n<is on 
the host material ilyailable in tlH' countrv where euch strnil1 OCCUI'S. 

In Jnpnn it is pnrn;;itic on Popilli(L Japo71ica, in Chosen on P. atl'll­
cOfrulw and P. qlladrigl(itata, and in China on P. formo8ana, P 
chinemli8, nnd others of the same genus. 

As discussed in a preyious buU('tin (10), th(' times of ndult emNgence 
in the field of the three strnins in thcir respecti\-e countries ar(' noti('e­
ably diffNent. The Jnpanrs(' strain in northern Japan eIHI'rgcs about 
the middle of August. 01' npproximat('ly 2 w('eks ('arlier thnn the 
Chosenese strnin, nithough the monthly m('an tempemturl's at Suigen. 
Chosl'n, are higher during thl' period from F('brunry to 'NOH'mbN thn,n 
the monthly menn tempemtures at Koiwai, Jnpnn. At Xnnking. 
China, neal' whieh the Chin('se stmin is found. tlH' monthly menn 
temperutur('s nre highl'r throughout the year than at Suigpn, but the 
Chinese strain doc's not enwrge until the laU('r part of September, 01' 

3 ',\i"eeks later than the Chosenese strain. Thus there npP(,llr to be 
distinct biological difl'el'('nC'es in the time of apprarnnce in th(' field 
of the Ulr('e stmins regardless of the nuiation in t~\nJ peT'fl ture in the 
three C'ountl'ies. This 2-"week difl'('r('nc(' in the time' of t'm('rgellc(' 
between the ,Japanese and Chosel1P:of' stmins also pl.·e\"nil~ in tite 
enitN] States wh('l'(' both stmin" hn.\"(' bpeIl slIbjpetN[ to tIl(' SilJl1e 

tl'mpcrntures. 
From 1920 to 1923. indw:.iV('. renTing work wus cill'l"ied on at 

Koiwn.i, .Jnpan, with tilr .Tnpil!1eSr stmin' of Tiphia ]JIJpillial'Ora, und 
extensive shipm('nts of rl'aJ'('d ('o('oons weJ'(' mudp to the> l'nitc·d 

http:indw:.iV
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States. Owing to the establishment of this strain, no further ship­
ments of it ,\'ere lIla.de ufter 1923, CXC('pt for two unsuccessful ship­
ments of adult females in 192:j and 1926. In 1925, 1926, and 1927 
large shipments of rea.rcd cocoons of the Chint'se strain and a very 
slUall numbf'l' of reared cocoons of the ChoselH'se strain wcre made. 

In 19;]0 it was felt that the Choselles(' strain, bf'cause of its later 
nppea.rance in the field, when the grubs of Popillia ,iaponica arc larger 
nn(lmol'e fully den-loped, would be more suitablc than tht' Japanese 
strain ill tho l ~Ilited StfLtes. H(-al'.ing work was again taken up at 
Suigr.m, but owing to n limited supply of f('males in thl' field only 979 
cocoons WNl' ('!'llr('d n,nd shipprd in 1930 and 193]. 

TJI'Hn ~J""'Tl'l!A Allt:'11 and .luynl's 

In 1925 Tiphill 1iwtuTa, a parasite of seY('ral spring and eal'ly-sum­
n1('1' sp('ci('s of Popillia, principally P. CU1J1'icollis, was found in the 
district Slll'l'oUl1<ling Shillong in thr Khu8i Hills of Assalll Proyince, 
India. Th(' breeding gl'OUIlds of this specie's W('I'O locntod in the 
spars('ly planted pinE' forests in WI'Y hilly country, whereas the feeding 
grolinds were found se'-eral mil('s u.wu.y at the Cl'('st of n runge of hills 
where 11 considerable growth of shrub:=; of ,-urious kinds WitS he/wily 
infl'stNl with Itphids. _\.8 pointed out in a pre\-ious bulletin (10), this 
wide sepnrntion bpt\n-en the br('(lding und fl'('dill~ nrens, requiring the 
femnles to trayel through severul miles of forest for fpecling nnd then 
to return for o\-iposition, cnlls for it Y('lT Imusua] nnd inter('sting hnbit 
with thi~ gl'llus. • , 

Extl'l1si'~I' rNlring work with Tipkia lItatllm was carried on u.t 
Shillong in 1929. after whirh the work in India wus discontinll(,(l. The 
sprin~ of 1929, likp thut of 1928, was unuSlwlly wann, m1<L the Jirst 
indiyiduals w(,l'r found in the field on April 15. They (lid not become 
abundant, howpnr, until n ftp]' the spring rains, which W('I'(' latet' than 
in 1928. On April 17 the sex rntio was nbout 50:50, ufter which the 
number of mnles increased so that by )'Iay 20 th(' sex 1'!'1tio was approxi­
mately 25 males to 1 f!'mule. As u. result of deur, warm wl'ather 
during the Inst 10 days in ).Iay, thl' l'fi.tio of mules and females lH-ail­
able for coll('ctioll aguin becnme nOl1llul. This ppl'lo[L of good weather 
was followed by another spell of min enrly in June. 

The collection of fl'mall's for refl1'in~ work was b('gnn on .:\pril 17 
find continued until .Tune 25. The rains during the llliddle of ~ray 
and eurly in June s('riously hnndicn.pped· collecting, und only 7,786 
f('males were collected as compared with 12,606 u.nd 12,418 felllales in 
1927 u.nd 1928, respectively. The lllnximulll numb('l' of females in 
oyiposition at one time wus 2,168 as ('ompared with 5,054 in 1928. 
The greatest n umber of eggs deposi ted in it. single day WitS 771, from 
1,893 females, and the total numbCl' of oYipositions obtaillPd during 
the entire period, mostly on grubs of Popillia. wpricollis, WllS 24,845. 
The general u.yerage wus 0.30 egg per dav pCI' f('male, as compared 
with 0.39 in 1928. v 

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

234374-40-3 
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Shipments of l'iphia maiul'a cocoons in previolls years did not leave 
india until the fali, but in 1929 tll(' cocoons were divided into 2 lots 
and fOl'ward('d to the rnitNI Statps in th(' Slimmer immediutelv nltor 
they \\'(,1'e spun, Thl' first consignment comprising 1,800 cocoons 
loft Calcutta, India, July 18, und aniyed at thl' ~Joor('stown labora­
tOly 38 days lat('r. 1'11(' mn tf'rial was placed on the bon,t at a tl'mper­
atur(' of 45° F" with till' undl'l'standing that this tem}J('l'ature wouLd 
be maintained throughout, the yoyugf', 'rlt(' uwthod of packing the 
cocoons differed sOlllcwlw t from thn,t I'mplo;\T('(L in In.pall, ,,-ooden 
tmys 15 inches squal'l' and 2 illciIPs ([('ep. £ittN] with cross-section 
sets, pl'Oyided compurtm('nts 'j inch SqlUU'C and 2 inc/IPS del'p, Two 
cocoons, ('ach surrounded with moss, and sepamtc(L from ('nch other 
by a sQUl1l'(, of tin 01' cdluloid, wel'l' plnced in each compartment, 
Th(' trays, ench holding 450 cocoons, w('re tlH'n pack('d in large 
WOOdl'll CttS('::l in Sl'ts of fin' surl'oundl'C1 hy a InYl'r of fresh sphngnum 
moss, 

Thl' second lot of 6,000 cocoons wus shipPt'd from Cnlcutta August 
8, and wus I'll route 38 (lays at· a temp('raturc of 52° F, '1'0 simplify 
the parking and l'educ(' tlll' handling at th('ir d('stilHLtion the cocoons 
in this shipment w(,1'e pnckC'cl incliyidllally in :!-iuch yials stoPP(,1'('d 
with ubsorbl'nt cotton. all(1 thl's(' yials WI'1'(, ph1<'rd in l'l'ctanglllar 
trays of perforat('d tin tUld hdd in plac(' by cllrclboard cross sections, 
The trays. ('ach holding 200 yials and sl1l'l'Oundrd by n. 2-inch lavC'r 
of fresh ·sphag-num 1Il0S~, W(,I'(' pack('d ill ll11'g-e woodell rasl'S, . 

T11(' c01ulition of the ('ocoons in titese two shipment;; wns C'xCC'p­
tionally g-ood on :1I'1'i\':1.1 ut ~loor('town, X . .r, as only 16 cocoons 
showed allY signs of l'xt('l'llnl funglls, 

TJ['1Il \ Pl'LI,IVOH.\ Allpll and ,Jaym'" 

During- the ilwestigtttiol1::; in India n, small 5[1(>cie;; of Ti phia, I:1tN 
describ('d a:; Tipltia ]17.dlil'o/'a, '\'as found in the Khasi Hills of Assl1m 
P1'O\~ince, This sp('cit's is found in Iarg(> numhrrs ill the' field from 
the lattrr part of ,July to early in OctobC'I'. .Althollgh it., prillcipal 
host uncl('l' normal lil,l<[ conditioll" is a smnll undett'11ninpd nlh'line 
b(,l'tll', it will also attnck and d(,\'plop 011 ~:;prOI1(I-insttn' and ('urIy 
third-instal' grllh::; of Pllpil?ia cupricollis and nnother sp('eips o[ PO]lillia. 
Because of this it wtts thought tltu,t this s[Jp('ies migh t bt' of [;0111(' yalue 
as a parnsitp of P. japollica in the summpl' and early part of the fall 
'whcn thl' grubs are small. ' 

Previous innstigation,; ::;ho",pd thn.t rCi.ring work with this sprcit's 
was UlUlPCeSSal';\" owing to tht' hlt'g<' llumlwr of co('oons thnt could be 
collectpd in tll(' fideL Tn tllP f:lll of 1929 a total of 21,OO'=; co('oons 
were colh'ct('(l and storp(l. in it ('001 place i.waiting shiprrlPnt thl' follow­
ing spring, Innstigntiolls, hO\\,I' \'('1' , show('d thnt adults from ship­
ments of this s])('ci('s did not ('nl('l'gp at a, time snitablp fol' liSP against 
Popillia, japonica in tht' ('nit('d State's, and instructions WNt' spnt 
from )'fool'('stown, X, .1., to cliscontinu(' all work 'with Tip!tia plLllirora 
and not to ship uny cocoons on hand. 

TIPI!1A sr>, Taiwan ;J 

At Hokuto, n('al' Taihoku in north('l'n Tai'wan, adults of an und('­
termined species of Tiphia WI)r(, found in the field in 1029 from the 
latter part of August to ('ady in October, This spcci('s o\-ipositcd 
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and d()n~lopecl very readily on grubs of a species of Popillia, nnd it i~ 
assnmed thl1t the nomlal host in the field is a member of this genus. 
The adults feed at the nectar glands found at the base of the leaf 
petiole of the sweetpotato and other plants. 

ThC' rgg, which is dark gmy, is placed Yontrnlly between the eighth 
and ninth abdominal segments with the anterior pole directed out 
(fig. 1). During the h1tter part of August and early part of September 
thl" C'gg stage coyers 4 clays tlllCi the larval stages apprm,:imatcly 10 
days. 

Because of the scarcity of this species in the field in 1929, only fL 

few females were collectC't\, and from these 911 parasitiz(~d grubs 
were obtained. These produced 387 COCOOllS, a percentage of~42.5. 
Of these', 379 Wl'rC'· shipped to the United States. 

TUE PARASITES OF RELATED SCARABAEIDAE 

During l'eCl'nt veal'S three additional scarabaeid beetles from the 
Orirnt. lluH become estilblislH'd in the eiLstl'rn part of the rnited 
Statl's. Thl' oriental beetlc (Anomala orientalis 'Yaterh,), which ,,'ns 
first found in Connecticut in 1920, has spread to ~Iussfichusetts. 
K ew York, and X ew Jersey; find the Asiatic'garden bC'etle (AlltoSel'ica 
castanea (.A.1'l'Ow»), which WiLS originally found in N ew Jersey in 1920, 
is now known to occur in ::\Iassachusctts, Connecticut, X ow York, 
PeJ1l1sylYtulia, Debwarl.', Maryland, the District of Columbia, and 
South Carolina. Sel'lCa peregrina Chapin, which was first found on 
Long; Island, X. Y., in 1927, is not known to occur in allY other State. 
Owing to fayomble bree(ling conditions these pests 1111,\'1' incl'rased 
and spread, causing considerable damage to truck crops, Ol'W1l11('tltal 
plants, nnd In"'ls, especially in suburban areas, which arc particularly 
suitable to both adult and lan-Ill feeding. 

Ol1tsicle the enitf'cl StatC's A'wmala orientalis is known to occur in 
the Hnwniinn and Pbilippine Islands n.nd ill JlLpan. In .Tapnn, so fnr 
as is known, theI'(' is but OIll' genC'rn.tion il YC'lU', the adults lwillg 
pres('nt in the I1eld from tlll' latt{'l' part of Junc to carly in Sl'ptcJIlI)('l'. 
The ndl1lts, which ar!' both diurnal nnd nocturnnl in habit, pxhibit 
little nctiyity in the lo,,\'lnnds during the day, but tlwre is consilb'l'ablp 
dnytitlH' nctiyity- in tll(' mountainous rC'gioI1s, Although this bppt!e 
is fairly common in some sections of Japnn, there an' llO I'I\cords in 
,Tnpnl1t'sl' litt'rntul'C QI its b(\ing of any l'col1omic importft1H'l' to agri­
cultural crops, and the writrl'S han' nC'n'[' obsery('(i it f(,l'ding to any 
extC'nt on any plants of importnnct'. ::\Iost of thl' adult f('('(ling is 
confill('d to yurioHs spt'ci{'s of PolYfJon1l1n find othl'l' hl'l'buct'olls pli\11ts 
which ul'(' conunon throughout Jupfin. 

Auto8et'ica castanea occurs in Japan as w('ll ns on the Asiatic main­
land. fn ,Japan it is tlH' most common of ftbout 35 SI)l'cies Iwlonging 
to til(' Sl'licina0. Tlwrp is only 1 gP]1('I·(ttioll il Yl'ar, ti1(' ad.ults app(\!lr­
ing in thc fidel from parly in .TUlle to SC'ptrmber. TIH' adults. bring 
nocturnnl, iLl,(' mrdy s('en during the day, but on warm, still nights 
tlH'Y nrC' abundant in some sC'ctions, A fayoritc piuc!' fol' th('tl1 to 
('ongreg-atr at nigh t is around lights. As 11 l)('st of ('{'anomie im por­
tance in ,In.pnn it is of little consC'qurnce. Soml' dumagt' hus b(,(\ll 
rrportC'd from the feeding of adults 011 young Jl11I'S(\I'Y stoek nnd 
omnmC'ntnls find from grubs fceding in lawns. 'YIH'1l grubs of this 
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species w('re bping dug for parllsite-l'enring work nt Yokohnmn., they 
were found to be most abundnnt in rather dry soil around the roots of 
Artemisia spp. and other weeds. • 

Serica peregrina is known to occur in In.pn.ll, Chosen, nnd China. 
It has only one generation a year in Japan, the ndults being present 
in the field from late in June to late in August. Although this beetle 
is not considered a pest of mnjor importance in Japnn nnd ChOSN1, 
the adult is reportt'd to feed at times on apple, penr, mulberry, barley, 
cauliflower, and aspnrn.gus in Japan, and all millet, cotton, and sugar' 
beet in Chosen (8). 

Although these beetks n.re considered of little economic importn.llco 
in the Orient, their spread {mel lllcr('asing importfl.11c(' as pests in t.he 
eastern part of the Fllited Stn.tes hns lH'c('ssitatec\ the illYCstiglltioll 
and study of their parasites in their nat.ive homes. 

During invcstigntiol1s in Japnn, Chosell, and Taiw!t11, no sllitubll' 
})arasites of the adults of these thTee b('etlt's w('re found. J:[al}w.ria 
incongrua, which is a parasit(' of both Popillia .iapOllica and ..:l71ulilala 
orientalis in JapUJ1, has three genrrations a yea,r filld rrquin's fill 
alternate host to complete its YNtrly li[(, cycle. Ko fittempts 11(1\"(' 

b('en made to introducr this tachinid pn,l'flsit(' against A .. oripntali.'!, 
flS n'pea.tecl efforts to ('stablish it agflinst P. japonica in tl)(' rnih·d 
States have hiit'd. In Chosen an lllldetcl'mined tachinid was fonnd 
which is pal'flsitic on a spN:il's of Sericcl, hut this parasite apP('al"S in 
t.11(, fie1c1 during :\lay, which is too carl)- to 1)(' of all)' vfilup ngninst 
A~ltoserica castanea· or 8. peregrina in the prese'llt Ul'PI1. of inf('sbltion. 

PARASl1'ES OF THE L\JlYA 

SCOLIIDAE 

~Inny SI)('cies of Tiphia parasitic 011 Anomala illl(l 8('rica W(,fl' 

stu<iipcl in Japan, C110S(,11, nnd Tniwnn, but only 11 \\'1'1'(' consiti('I'l'd 
of sufficicllt impo1'tnne(' to warrant .illtl'Oeil/dion. ..:\1thollgh SOJ1H' of 
tll(,S!', in thrir nativc hahitnt, arc parasitic on grubs othpl' than thos!' 
l'stablis\Jpd in thp l;nit('(l Sta.tes, inv('stign,tions htlYl' shoWIl that the 
Rp('eirs of Tiphia arc, in gelH'l'nl, g(,IlNir ratiIpr thfin sp('eiJk in tlwir 
('bojc(' of hosts. Thrse specics of Tiphia, mo1'(,O\'C1", ill'(' locflliz('(Lin 
thcir distri~ution and aTC dependent on !\ suflki('nt supply of udult 
food and sUltl1.ble host grubs. 

During th(' period from 1929 to 1933 the species list('d in tab\(' (j 
were ilwestign.tNl and 77,270 cocoons and 6,139 ndults w('rc spnt to til(' 
United Stutes. 

http:In.pn.ll
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TABLE 6.-Species of Ti1Jhia parasitic on scarabaeid grubs of the {jenera Anomala, 
Autoserica, Phyllopertila, and Serica, investigated in Japan, Chosen, Taiwan, 
and China, and shipped to the United States 

Sp<lcics oC Tiphia Countries \ HostsI 
T. a.ericae Allen and Jnynes.----.---I.TfiPan, Chosen, China. __ ._1 Serica Spp.1 

b· 111at \11 d J. J I{Allomala 8choll!eldU Ohnus.1 

AnOmala cltprea Hope.' 
. • •.\'lIomala tesfaclipes Mots.' 

T . Isec a" Cn an ayucs •• -- .-- apan. _______ ._••.• _. ___ ._ ,tuomulu oriontali •. 

T. bltrrelll Parker••__ •___ •• ____••___......do•.•. __........___.... Allomula 8chonfe/dti.I 
I
{

Anomala rlt!oClLprta. 
'· k ! d ,{Serka Sp.1T . castantaerora 1 ,.r er·. __ ~ .. _... ~ __ ·~_I·-- __ O·~___ .. _~ ____ .. _· .. _____IAulo8crica (a8tanea. 

· P k J CI. {Serica Sp.1T; homonc111arra ,ar cr___ .. _.. _.. ~_~_.... apRIl, IO....CD .. ____ ... ______ .Autoserica castanea. 

m • I I P k J {Serica Sp.'~. 180 a a ar er......_.. ___ .. _.. ~ .. -_ .. _.. _.. tlplln_·_~ .. ____ •____ .. ______ l .•411toserica ca.'Jtallea. 

• I I{PhYIlOJlerlha cOlIspllrca/a ITnr.1 
.. I _ c. i Phyllo/lerfha pallitlipcl/l.is Reitter.'

T. '/lotopo/,ta alienI Roberts .. --.---.·1 Jap!lll, Cho,en, lunn.._.. , Anomnla oriel/talis. 
I I AIIDl1Ialu schollfeltlti. 

7'. sa/oi Parker ... _______ ......... _.. ' Chosen_...... _______•_____ r SeriC(! Spp.1 

'1'. sUm.la Parkcr....-----" . ,_. "--l Jnprm, -.•---. ----. - .-----!{~e~~c,~(~l~P;~honfeltlti., 
T . " I .III I J p;;: i d ; .i1110 maiu. rujocllprea. 1 

.Ieglt,p aua .. en <lD( n,ncs....___ :"'-' o....·----·------· ..--i AllolUal" orielltalis. 

.,. I . t PAylioperlh" ,con.purcata. 


An umdentIfied speclcs.. __ . _______ ._ 'l'nlwttn.-------.---- •. -.-- Anomal" SIl, 
j i 

I From field obsermtioIJ. 

TII'HlA ASERrcAE Allen and Jaynes 

Tiphia ascricae, a moclrratr-sizrcl sp('ci('s, wns first found at Suigen, 
Chos('n, in 1924, and has since. b('('n I'('('ol'd('cl from China and Jnpnn. 
In the Chosrn arC'a, whrI'r it has a l-yrar life cycle, it is very abundnnt 
nnd is pnrasitic on various species of sel'iciIll' grubs during June Ilnd 
early in July. Its life histOl'y hns been fully tl'cnted in a previous 
publication (10). 

During tIi(> years 1929 to 19:32, inclusive, 167,2134 oYlpositions wC'I'e 
obtained in the laboratOl':Y, giving the comparnti vdy high rate of 
egg procllletion of 0.97 egg pel' day per female, From these oviposi­
tions 72,1306 larval', or 4:3.4 percent, dcn:-ioped cocoons, a much hight>l' 
rate of cocoon dc,'rlopmeut than that obtainrd in the brrcding work 
cnn'ied on in prf'yiolls yral's, During this 4-yeal' pf'riod 131,270 of 
these ('o('oons were shipped to thr Fnited States, Early in Junr 1929 
11 consignm(:'I1t of 1,656 adult femairs was forwardNl. Although the 
mt'thods of paeking nnd thf' food used w('rf' the sume~flS in tIl<' SllCCC'SS­
fui shipments of Tiphia l'el'llalis, only a few adults W('l'(' ali\'e on arrivnl 
at thrir drstination. The results of t'xpel'imcnts cflrrircl on at Snigrn 
in 1929 to clf'terminf' the longevity of adult femalt's whrn storNl in a 
cool pincr undrr shipping-can conditions jndica~('(l that thr length 
of life of this spc'ci('s is considentbly shortf'I' thun t,hnt of other mrmbrl's 
of the grllus w-hich hUNe hef'1l workrd "rith to dn,t(>, and that thr high 
mortality during shipment is due to this faetor rn.tlwr than to fuulty 
shipping methods, 

TIPHIA BISECUI,ATA Allen and Jaynl's 

Tiphia biseculata is normally parasitic on Anomala spo., but il1Y('sti­
gation s11Owr<1 that it would drvriop readily on Popillia, japom'ca, in 
thr labor'atory, ConsrquC'l1tiy it was imported into thr Fnitrd State's 
from 1924 to 1928, inclusivr, flS a parasite of P. j(Lponica. Since 

http:pallitlipcl/l.is
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investigations in the United Statrs show{'d that this Tiphia was of 
littlr valur as a parasite of th{' JapaJl('se bC'et1r in the present arC'as 
of infestation, JlO further work was done with it nntil1932, At this 
timr a shipment of cocoons wns macIC' from whiC'h the emerging femal('s 
w('re libC'ratrd as pal"asitrs of AnolnaZa orientalis, which was becoming 
of increasing importance as a pest in Lhc vicinity of New Y01'k. 

This Tiphia is one of th(' two speeies which haY(' two distinct gen­
{'rations a y{'at' in Jitpan, Th{' first brood r,pp{'ars in the field during 
June and those of tIl(' s('cond brood from late in August to lat{' in 
Octobrt'. TIl(' first brood is much mor(' numerous than tIl(' sccond. 

Previous to 1932 this species had b{'cn found in only' on{' locality 
in .Japan, at ~l1ho, a small sandy p{'ninsula jutting out a f('w mil{'s 
into th{' s{'a ll{'ar Shimizu in Sbizuoka-k{'n, In 1932 Tiphia biseculata 
was found at Yokohama and Chigasnki, Jnpan, till' last-named locality 
having much the same C'nvironm('nbll conditions as those found nt 
~fiho, 

Experimen t9 currird on with thr first grnp1"l1.tion in 1932 show{'(l 
that this speci('s acc('ptt'd grubs of Anoli1aicL ol'ienialis t'q tlully ns 
readily flS those of A. schoenjefdti, it3 normal host. Rrill'ing work was 
cilrried on with th(' srcond grnt'rn,tion nt ~liho from August 2:3 to 
OctobrI" 24, 1932, nnd during this timr 3,649 f{'nHtlrs w{'['{' coll{'ct{'(1. 
Femalt's w('r{' still abundant in th{' fi('ld wlH'n collrction ('('nsNI. A 
total of 38,9::19 ovipositions Wl'l'(, obtained whieh protiucrd 8,507 
('o('oons, or 21.84 pet'c{'nt, of which 616, or 1,58 p<'l'cent of th(' totnl 
ovipositions, w{'re nff('ct{'(l by fungus, This smull pl't'C'('n tagp of 
co('oon formation, which is low ns compl1l'l'Cl with many Sl)('('i('s of 
Tiphia, is a('countrd for by tilr filct that tIl{' pnrnsitizrd host grubs 
move about !l great denl in thr oviposition tins and r(,lll'ing Hats, whieh 
t{'nds to dislodg{' thr eggs ilnd young 111l'\'n{', In tIl(' fnll 7,692 of tht's!' 
~ocoons 'n~rc shipp{'d to the Lnitrd Statl's, 

T[PHIA RL'RREI,LI ParkN 

Tip]Jia bU7'I'elli was fil'St found nt Kngnmignhl1r!l, .Jnpan, in 1931 and 
la.trr wns found in small I1umbrrs at ~Iiho and Hisnznki on the' island 
of Honshu find at Ishiki on til{' island of Shikoku, Its normill hosts 
are tl\{' large grubs of Anomala C'llprea find A, lestaceiZl(:s, but it is 
pal'ilsitic also on A, 8cholljeldti ilnd A, l'1~fOC1lpl'ecL, Sincr no gl'ubs of 
Anomala orientalis W{,l"l' a\~nilabh'l lnbol'lltory tl'sts with this spcci('s 
Wl're not att('mptNl. 

Tll{' adults art' found in the fi{'l<1 from til{' first of S{'pt{,ll1bpr to thn 
middle of Oetolwr, f('eding on tIl<' hOllt'ydt'w of aphids nnd otlH'1' 
insrcts, TIH'I'{' is on{' g(,lwrntion II. yt'111' ilnd tht~ wint('1' is pnsscd as 
th(' mntul't' lnrnl, within t11{' ('o(~oon, 

Tll{' {'gg, which is grnyish whitl', is plnc('d n'ntrally bptw('t'l1 lh{' 
last thoJ'flcic aTHI first nb<1ominal s{'gml'l1l (fig, 1), rnd{,I'S('pt<>mbf'1' 
temp{'l'ilturps at~Iillo th{' incubation 1)(,l'io<l is ;; dnys and th(' Inrntl 
f{'('(ling p{,l'iod nPflrly a mOllth. 'flip Inl'gp cocoon is "imilnt, 10 thnt of 
Tipltia brerilineata in having n thick f<'itlik{' ('o\'Pl'ing pa.d with illl 
UIH"'('n smfaC'r, Tht' ('ocoon is n dnrkpr brown than thosp of most 
Spt'('il'S of Tiphia, Ilnd sOll1rwlHlt glnZ(·d, lnekinp: nImost {'ntirl'ly the 
100s(' ont{'l' stI'flnds of ~ilk. 

Owing to tht' H(,flL'city of ndulti'. only '277 O\'ip()~itimH Wl'rl' oiJtnilll'd 
in 19:i2, of which (H d(>Yl'lopl'd to the' cocoon :;tngl'. ~i\'illg II d('nlop­
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mcnt of 22 percent. These cocoons were shipped to the United States 
for colonization aguinst Anomala orientalis. 

TIPHlA ('.tS1'ANEAEVORA Parker 

Tiphia castaneael'ora, "hith dost'ly l't'st'mblt's T. aSel'iCH6 taxonomi­
cally, WHS first found at Nal'ashillo, near Yokohama, Japall, in 1931, 
and the next .fc·ar it was found at Tachikawa, neur Tokyo. In tht1 

field it is parasitic onl';ericinE' gmbs, and in the laboratory it was found 
to oviposit nnd develop vcry l'Nulily Oll .:hltoserica castallel~. 

The adults mny be found in the field from the middle of .May to the 
l\l1(l of June, {(·eding i.n lHuubel's on the blossoms of chestnut find oak. 
There is a single gPllcration (':1('h year, and the winter is passed in the 
mature larval stage within the cocoon. 

Ttl(' grayish cgg is placed in tht' sutUI'(\ bctw('en the fourth Ilnd fifth 
st'gments of tht' grub just vclltrnd of the lateml line and with tllt' 
an terior pole directed toward it (fig. 1). Tlw incubation period lasts 
from 3 to 5 dnys. and till' den'lopment of tllf' larva to the spinning 
of the cocoon rrquirrs 10 to 12 days, Thc co('oon is small and light 
brown, with It modrmte filament. 

From 1,153 fcmalrs collpctrd at Tacbikawl)' in 193:i n total of 9,436 
oyipositions were obtninl'<l, giving an cgg-production rute of 0.85 
pCI' day pel' femnle. Thesr o"ipositiolls yielded 5,a90 cocoons, or 
57.1 prrcent cocoon formation. Of thl'se, ,5,066 werp shipped to the 
rnited States for ('olonization. 

TIPHIA 1I0.\(OX('t:LARI8 Parker 

Tiph-ia homonc1tlctri,; 11as been found in five localities in central 
Japan and at Suigen, Chosen. It is paI'ilsitie on scricinc grubs und 
under laboratory rcaring conditions develops very readily on A'Utoserica 
castanea. 

The adults. ",hosp food is thr honeydew of aphids and other bugs, 
are found in thc firld at Yokohama front tiJr first of Septrmber to the 
first of October. There is one generation it yeitr, and hibernation takes 
place as a mature larVl)' within the coeoon. 

The eggs, which are slightly gmy, are placed n~ntrully, usually 
between the third and fourth abdominal segments on tbird-instUl' 
host larvne, and usually one or two segments nearer the thoraX' on 
second-instal' grubs, with the nnt('rior poip directed outwnrd, Appar­
ently sccond-instur ilnd thinl-illstllr grubs /1,re equally favored, judg­
ing from the Ilum bel'S of eggs in e[tch of these positions on both field­
collected nnci Inbomtol'y-plll'Usitizeci grubs. Tile incubation period 
lasts from 3 to 5 days, ('Ie pending on temperatures, and the de\'e!op­
rnent of thr lan'a to the spinning of the cocoon requires approximately 
20 days in Heptembel·. Tbe cocoon ii; rtltiler smllll but othenvisr nor­
mal in form nnd eolor. 

This spe('ies apparently ha;;; a 11igh n1tr of oviposition, as 6G femnlrs 
in one experinlPn t deposited nn fL\'eragr of 1.11 egg;.; pel' day pel' female. 
Although this species was moderntel.,,~ Ilbundant itt Yokohl1lna in 19:~2, 
only lirllited rrllring work was carried on owing to difficulty in ohtain­
ing It suHicient quantity of serieine grubs. From 1,101 ovipositions 
274, or 24.9 prl'c('nt, ('O('OOIl:'i were obtnined, of whicb 10 W('I'P ltfl'ec·ted 
hy fungus. The 264 hrulthy ('ocoons werr shipped to the 1~lJitl'd 
Stutes i/l 1932. 
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TIl'HI.... ISOLATA. Parker 

l'iphia, isolata, 11 smu1l species pal'l1sitic on sericine gl'llb5, wus 
first found ut Yokohamu uud luter u,t Toyosu and RokkoSllll on the 
islnnd of Honshu !md at fhre loculities on the island of KYllShll. Ll1bll­
ratory investigntions showed that it oviposits and develops readily 
on Auto8erica castanea. 

In the 7okohama district the llc111lts, which feed on honeydew, are 
found in thE' field from the enrly part of September to the middle of 
Odober, There is only one generation a yeal', and hibernation occurs 
I1S the mature bryu within thl' cocoon. 

The pgg, which is placed, with occitsional variation, yentraIly l1('1tr 
the medillll linp tll1d between the sel'ond Hnd third thol'tlcic segments 
(fig. 1), is llearl~T whitp when first deposited but dnrkf'ns with nge. 
Till' anterior pole is dil'eclrd outwHrd, The incuhntion pt"riod covers 
from 4 to 5 dn)Ts, nnd thr development of tilt' InlTnl stnge requil'es 
from 20 to 25 dnys. The cocoon is normnl in ('0101', but »mnU, with 
no fluffy outpr ('oYering. 

Owing to thr :lInnll nUll1brr of sericill(, gruhs nynilnhle, extellsivf' 
}'('nl'ings were not possible, nnd in ] 932 only 79 ('o('00n8 were obtained 
for shipn1<'n t to the rnited Stlltes. 

'fI PH IA NOTOPOI.ITA .U.LENI Hobert;; 

Tiphia not(lpi.lifa allPni WitS found in 1922 lit Suigl'n, Chos('n, whE.'I'(' 
it is primarily it pnm8ite of Phyllop(,l't/w COllspuI'cata, although somE.' 
indi,-idunls nttn('k P. pallidipuznis. In 11)24 it W:1s found itt Prnniu, 
Hangrhow, and Kuliang, Chinn. 

In 1931 nnd 1932 it wns fOllnd nt s('\-eml wi<irly s('plll'lltf'd lo('nlities 
on Honshu Islnnd, .Tnpnn. At Xngnno nnd Toyo;;u in ('('ntml .Jltpnn 
ther(' is ('\-idE.'IH'l' to dnt(' of n, p:lI'tinl se('ond g('n(,I'ntion similnr to tll:lt. 
of 1'iphi(l. t{'gitiplaf/a, os somr in(\iyi<iunls npP(,HI'lnt(' in .Jun(' nnd E.'uriS 
in .Jnly, til<'il' prng('ny (,1l1('l'ging in Rl'ptrmber. This spl'('i('s is mu('h 
more nbundnnt IntI.' in thr silmm(,I' nnd cnrly in til(' fnU, howen'I', 
appenring from litte in August to lilt(' in S('ptE.'mlH'r. Although no 
inycstigntions wel'(' ('itl'rif'd 011 Itt Yokohnmn Illlcl ~[iho with r('f('rclI(,(' 
to the first gcnemtion, it is lH'(,:"U111Cd thnt th(' snmc s(,Hsonnl eydc 
preynils in these IOC:lliti('s. At ~riho nnd Yokolwmo. thl' ndults ItI·p 
found ill thc field from the Iattel' pnrt of Augwn to til(' ('tIdy purt of 
Odobel'. At Nilgnno th(' ('uriy adults f('('(\ on til(' hon('~·d('w of uphids, 
on soyb(,l1ns, nllt! on thc hlos;;oms of Pol1f[Jol!'llm reynolltria, while til{' 
lute illdi,~idunls [('cd 011 Allium or/omm.· At ~rib() they feNl on the 
nectnl' glnnd n.t th(' bnse of the lenf petiolI.' of sW(,l'tp()tn to, und nt 
Yokohmnn. th('v fe('d on white um b('llif(,l'OlIS hlossoms. 

.At X nguno ulHi "ieinity Phyllop{'rtlta (,OTl,~p1lf'c(If(t npP(,flrs from fi('ld 
Stll'H'YS to be th(' normnl host. In til{' Inbol'l1tory, howrv('I', it rpndil,\T 
pfll'llsitizf's Anomala oril'nta{is, though co('oon formntioll on thi" host 
WfiS POOl'. At Yokohnmll pnl'nsitizNI grubs of A. orinliali:'!, ...-1. sc/tOIl­
feldfi, nnd Phylloper-lha sp. \\"('1'(' found in the ficld, nnd ~I'uhs of th('s(' 
speri('s wer(' nlso USN! ill th(' I'(,Hring work. S('('onrl-instnr gruhs of 
A. s!!wnfelrlti were more t'cllclily lH'c't'ptrd in th(' Inborn tory work t,htlll 
third-instnl' grubs d the fHlIIH' sp('('if's, 

Th(' egg, wbieh is l!ght grny wil(,11 first lnid hut turns darkN b('fol'(, 
hut('hing, is pl:lc('c\ hetw('('n the sc\-enth find righth rthclomillltl st'g­
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ments ill the Jepressed tHeft near the hlteml margin, with the anterior 
pole directed outward (fig. 1). The dumtion of the egg sta~e is 4 to 5 
<lays and thn t of the larval stages 15 to 17 days under September 
tempemtures. The winter is pussed us a full-grown lnrva within the 
<:ocoon. The cocoon is of medium size, loose and fluffy, and not sep­
arated by distinct layers. 

In the fnIl of 1932 rearing work wns cHrried on at ~Iiho, Yokohumu, 
,and N uguno. At ~fiho from l7G femules fi43 parasitized grubs w('re 
obtained, which developed 149 cocoons, or 23.18 p('f'cent. At Yoko­
hama 609 females pumsitized 3,648 grubs, f!'Om which 526 cocoons, or 
14.42 pel'c('nt, w('t'(' obtain('(l. At N"ngal1o £!'Om 709 f('mules u totul 
of 5,593 purusitized gl'tlbs were obtained, which developed 919, or 
16.4 perc('nt, ('ocoons. Of ti\('se cocoons 1,;':33 were shipped to the 
1:n1ted States, th(' (,ll1<.'rging adults to be used ngainst .Llnomala orirn­
talis. 

TIPHIA f'A'fOI Parker 

In a predous publication (iO) Tiphia maZa?lana Cfim. (7) was 
}'rf('l'l'('cl to us occurring in China find ('hos('n, but at that tim(' it was 
thought that two distinct sp('ci('s might be involv('d Oll nceount of 
mnrk('d clifr('t'('nc('s in life history and hn bits. In 1932 a sp('('i('s of 
Tiphia wus found in ,Jtlpnn which at first was thought to b(> T. 
malayarw, und bioiogiC'al studi('s w('re ('onetuctNl on both th(' Choscn­
es(> and Japanese forms. In til(' cours(' of th('sc studirs biological 
diff('r('nC'('s ,n'rp obs('1'\'('(1 whieh prompted fi cios('!' inyesti~a tion of 
th('ir taxonomic chnl'llet('rs. Thjs r('sultrd in tlw drt('!'rninn.tion of 
the ChoseTl('se and .Japanrs(' forms us two distinct sprei('s, und these 
wel'(, lat('r drs('ribed as T. satoi from ChOS(,ll und T. sternata from 
Japan. Comparisons of the t \vo sp('cirs w('r(' thc'n mtldr with sprC'i­
mNlS from Chillll d('signu tNl us T. ma[a?lana, und these rev('uled 
tuxonomic difl'erenc('s by which mMpl'inl from tlw thrr.e l'('gions ('ould 
be s('purnt('d. Ful'th('r study sho\\rNI that non(' of the thl'('e sp('C'i('s 
in qu('stion wpr(' T. mala!/ana, und the form hom Chinu wus later 
cleseri beel us T. frater (18). 

Tiphia satoi has b~n found in fiv(' 10caliti('s in cenn'al and soutll('l'I1 
Chosen hut I1rY('r in finy gr('at nbundunc(' except at Suig<'n, wh('l'(, it 
wus originully found. It is parasitic on the grubs of yurious s('rieine 
sp('ci('!; thut arc in th(' third lnn'fil instal' during the spring. 

The udults appNlr in tlH' firM from th(' middIr of April to thc ('arly 
part of ,JUll(', this bC'ing the first sp('cirs of th(' grn us to appNlr in the 
spring in Chos('n, For the most purt th(> adults f(,pel on the honC'.vd('w 
of aphids find o('C'asionally on the blossoms of F07'sythia sp. So far as 
is known th('rp is only one' gC'l1(>rntion n. Y('IlI', unci till' wintC'r is passrd 
as Ow adult, pl'obably in til(' cocoon. ThC' rgg whe·n first laid is wh.it(' 
but dark(>ns b<.'£o1'(\ hate·hing. It is p1acr(\ yrnil'ully h('twN'll tbl' tlllrd 
and fourth abdominal spgmrnts with tbr unlrl,ior pO\(' dir(>ct('(\ out­
ward (fig. J). TIl(' C'gg stngr l'Pquil'ps 10 to 1.1 days ancl tbr lurvn\ 
stag('s 20 to 22 days in ~ray. Th(' ('o('oon is of a.n('utl·nl ('0101'. and 
thr olltrl' co\'('ring is 1005r and not sC'Plu'll,tNI into Ifl.ycrB. 

In 1932, long('vity ('xp(,l'imrnts undpl' Bhipping-C'all conditions 'YC'rc 
curried on to <l('t('I'min(' wlH'tlwr 01' not adults of this sp('('il's could he 
su('crssfully shippecl to th(l enitpd RUltf'S. .\ft(II' b<'ing ronfinpd for ;j 
w('('ks 71.4 pl'rc(,ll t of thr fpmalrs wprp still uli ,Tr Ilnd t hrsc lind an 
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avpragl' of 2 wl'eks longl'r, during which timl' thl'Y wl'rl' confinl'd with 
host grubs, and ovipositl'd regularly, pal'Usitizing tm avel'Ugl' of nl'arly 
10 grubs pl'r female. 

In 1981, 86 cocoons, und in 1933, 46 fl'nutlps were shippl'd. Of the 
lattI'L', 30 were alive on arrival in the United States, 

TIPHlA ,q'l'ERNA'l'A Parker 

Tiphia sterTlata, a pfll'usitl' of 81'ricil1p ~!:l'l1bs, is ttlxonomically close 
to T. satoi. It was first fonnd in the vicinity of Yokohoma in 1931 and 
since then it has bl'pn fonnd at nine localitips in the centl'UI and east­
cpntral parts of Honshu and in seven locnlities in the nortllE'rn purt of 
Kyushu. 

Both sl'xes npopar in lllllul)('rs from I'urly in Spptember to late in 
Octobt,I'. The fl'male' is bPlil'vNl to hihprnate undf'r ground, and 
during this tinl(' tIll' f'ggs take form within the ovarips. TIll' males 
appaI'pntly do not survi,-c hibl'l'I1ation. TllE'sP suppositions are based 
on tll(' results of laboratory I'xpprinwntat.ion and the fact that to date 
fipld observa tions hnye shown tIll' males to bl' vl'ry scnr('1' in thp spring. 
Females are again ahnndant in the fipId from early in ~[ay to the 
middll' of June, will'n parasitization of the host takes placf'. 

E:\:periments ~with fall-emerged and mated females in the laboratory 
luwe resulted in a fl'wisolated cases of oviposition, but all other fe­
males dissected showed no signs of egg devl'lopment within the 
ovaries. Periodical dissection of laborntory-hibernatl'cl females 
showed gruclually increasing evi(1en('r. of egg formation. Spring­
collected females oviposit readily under laboratory conditions. As 
has been sniel, indications arc tha t the mnles do not SUl'vi \Te hiberna­
tion, tllPrefore it mny be supposed that Huiles appearing in the spring 
nre the result of occasional fan ovipositions and serve to fertilize the 
spring-appenring females. It is not known whetlH'r this complex 
e:\;sts in N agnno and central .Japl1n wheI'C the mean temperatures 
arp lower than those prC'\'a iling a t Yokohama. 

The egg, which is pule gra~T, is placl'd ventrnlly between the third 
thorucic and first abdominal segments \vith the /tnterior pole directed 
outward (fig. 1). The egg stage in the spring at Yokohnma lasts 4 
days and the larval period 10 to 12 clays. In the few instances of full 
o\Tiposition that have beC'n ob~eryed the egg stage lasted 4 to 5 duys 
ami the larval stage 20 to 22 days, depending on the temperature. 
The cocoon is normal in color with a, small amount of (lxterior fluffy 
filament. 

In 1931 a total of 200 cocoons Wel'C' reared at Yokohamn from spring­
appearing females, and shioprd to til(' Fnitr.cl Stutes. In the spring 
of 1933 2 shipments totalling 4,437 females were collertNI from the 
Yokohama-Tokyo distri('t and shipped to the rnited States. Of 
these, 3,615 arrived n,t their destinntion nJivC'. 

!!PHfA 'rEGlT!I'[,AGA AII('1\ and ,layne,:; 

Tiphia. tegitiplaga, which was originaJly found at ~fiho, .Japan, was 
later found at nine otll('!, localities in Honshu, one ill Hokknido, and 
four in the southern part of Kyushu. 

At ~[iho tlwre UTe two generations it yellr, thl' fir3t appearing from 
late in ,TunC' to tll(' lattCl' lli1.lf of .July and the faU generntion from late 

http:Fnitr.cl
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in August to the middle of September. In N ogano in ccntrnl Jfipall 
two genemtions also occur, although lndividufils of the full generation 
appear to be the more abundant. Here the time of field nppefirance 
is similar to that at Miho. The appearance of two generations fit 
N fignno, which is much farther north fincl has a much heavier soil, 
seems somewhat unusufil. These conditions fiTe probnbly oft'set 
by the fact that N fignno is in a lfirge valley where the summer tem­
peratures are excessively high. In both locfilities hibernation of the 
fall generation occurs in tii~. larval stfige. 

The spring generation at Mitl~ feeds on the honeydew excreted by 
aphids on melon vines, beans, and truck crops, while the full genera­
tion feeds on the nectar glandR at the base of the baf petiole of sweet­
pOtfitO find the blossoms of buckwheilL Owing to the lack of truck 
crops find the sweetpotato at Nfigano, feeding of the first generntion 
IS apPfirently confined to the honeydew found on a species of Liyustl'um, 
find those of the second generation on honeydew on the leaves of 
mulberry. 

At ~·liho the normal host is Anomala 8chonfeldti, filthough A. 
orientalis, Phyllopel'tha conspul'caia, ond a few sericine grubs were 
also parasitized. A. 7'1{foc111J1'ea wos the host most, abllndfintly para­
sitized in the fall, find the parasite shQwed a decided preference for 
second-instal' lurnlO. ,Yitll grubs of A. orientalis as host materifil 
the preference was also for the second-instfir lorvae. The para­
sitization of second- and third-instal' lfirvae of Ph11llopel'tha COllspurcata 
WfiS equfilly divided, wherefis of the few serieine grubs pal't\sitized fill 
were in the third instal'. In the field at X aguIlo some Popillia, Japon ica 
grubs were found bearing the dnrk egg scar which charn.cterizes 
Tiphia oyiposition, and in the proper position for pfirn.Ritizntion by 
T. tenitiplaga (fig. 1). Although this Tiphia accepted P . .iaponira 
readil~Y in the laborator.Y the percen tuge of cocoon formation was 
exceedingly loW'. 

The pale-gray egg is laid dorsallv on the second thorflcic segment, 
USllfilly near, and sometimes on, the medifil1 line, the llnterior pole 
directed out,vard. The duration of the egg stage is 4 to 5 daYR find 
the Iarvol stage 18 days for efich generntioll. The femfiles laid 0.92 
egg per day in the laboratory. 

Rearulg work was carried on with the ffill genemtion at both ~Iiho 
and Nagano in 1932. A total of 2,020 ovipositions were secured at 
N figfino, but only 84 laryue developed to the cocoon stnge. At ~[jho 
i,363 ovipositions were obtained, find from these 1,36"/ cocoons 
developed. A total of 1,180 cocoons were shipped to the l'nited 
Stutes in the full of 1932. 

TIPllfA 8p. Taiwan 2 

An unidentified species of Tiphia, was conected in very limited 
numbers at Hokuto, ncar Taihoku in northern Taiwan, late in the 
summer and early in the fall of ] 929. This Tiphia, the adults of 
which feed on the nectar glands associated with tIll' sweetpotato, are 
present in the field from In.te in August to early in October. 

The pale-gray egg is placecl ventrally between the fourth find fifth 
nbdominal segments with the anterior pole directed outwllrd (fig. 1). 
The egg hfitches in 4 days, and the lfirva! stnge eo\-ers a period of 12 
to 14 days in September. 
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Owing to the scarcity of this Tiphia in the field. only a few females 
were collected, from which 155 ovipositions were obtained in 1929. 
These developed 47 cocoons (30.3 percent). Of these, 39 were shipped 
to the United States. 

PARASITES ON WHICH NO INVESTIGATIONS WERE CARRIED 
ON DURING THE PERIOD 1929-33 

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

TABLE 7.-Species of parasites of Popillia japonica and related Scarabaeidae 
studied in .Japan, Chosen, China, and India during the period 1920-28 and 
imported into the United States, but not included in the work during the period 
1929-33 

Species Countries IIost~ 

---------------------------------_._-­
-frnchinidat\! 

Pexolllyia venalis Aldrich.•.••••. Japan'....__ ............... Popil/iajllponiea.' 

Scoliidae: 
JPhyllophaoa l/io1llphaliu Dates.­

Campsol1ler~ annlllllia (Fnhri· Japan, Chosen. Chinn ..... IAUOm((la sp.!
cius). Popillia spp. 

T • h' '1' S 'th d {Serim ariell/an, ?Iots.' 
rp fa aUf'S ml ~ ... ----~ .. ~-.--- .. ---.., o. -~- .. --~--~-------- .. Serica sp. 


Tiphia "88amell"is Allen and Indln.~~ ................... Popi/lia cI~prieolli".

Jnynes. 


Tiphia biearinata Campron~ ...... Ch ' {AnOmala "ierer.,i Heyd)

Jnpan, Chosen, .na.... Phylloperlhu pl/bico/li., Waterh.! 

Allomu/u siet'er.';) 
Tiphia breviliTlcata Aller! nnd Jnpan. Chosen ............ Phylloperlhu 'pulJiciJlIi.I.'{Jaynes. Popilllll'llwlcul.f. 

Tiphia duuuni Allen and Jaynes. [ndin...................... PopUlia Sp.1 


MlTilUba trichophoTlLS Fnlrm.! 

Tiphia communis Allen wd Chinn~..................__ A !lIn"ericu sp.'
{Jaynes. Popilli" for'lllo"ana. 


'i'iphiafrater Parker , ................do~ .................... We~i~~/~I~}P.l 

AnOIlUi a 8iertr.lfi.l 

Tiphia koreona Rohwer........ .. Chosen~_." •. "........... Popillia airocoerllita.
{ PhylloptTlha pubicolli.I. 

7'iphia uotopoli/a Allen and (,hina~ .................... ,{POJlillia ehineu.~.' 


Jaynes. Popilliaforlllosana,l 

Tiphia ot/dorsalis Allen and Chosen.. ~ ........ ~ ........ Serica sp,l


Jaynes. 

Tiphia tolopu':lctala Allen and Chosen. China~ ........... {.I.Inornaln "ieversi.l 


,Taynes. Phyllopertha pubico/lis. 


{Jarabidao: {A no mala spp.' 

Cra"pedD7!o/us tillialis sehaum'''1 Jnpan .................. _~. Serica spp,l 


Popillia illponica . 


• From flelcJ ohsermtion. 
'In the second report (10) this species was listed under the, Mme of Tiphifl malavalla. Sub~quent stUdies 

·of mat"rilll from Chinn discioSNi the fllct tlllt this WIIS nn undescribed species. It lllls since h~en described 
ilS T. fral er (18). 

The tachinid Pexomyia aenalis was reared at the Riverton, N. J., 
laboratory fwm adults of Popillia .iaponica collected in central ,Japan 
in 1925 and shipped for rem-ings of IIama:ria inco7l.[Jl'1ta. Since tbnt 
time it hus nevel' been cncountered in the work in ,Japnn. 

Becnuso the work in China wns discontinued at the end of 1926, 
no further investigations hn,ve been carried on with Tiphia communis, 
T.frater, 01' the Chinese form of T. 7I.otol)olita, which, so fUl' as is known, 
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occur only in that country. Termination of the work ill India ill 
1929 brought to a close all work on T. assamensis und T. cla1lseni. 

Rearing work with Tiphia agilis, T. bical'inata., T. bl'el'ilineafa, T. 
koreana, T. oL'idorsalis, and T. totop1l.1lctata wus discontinued beclluse­
of their time of appearance in the field. Tlll'se species oecm' during 
July and August when the gwbs of Popillia ja]lonica., Anomala 
orientalis, A1liosel'ica castanea, and Sel'ica peregrina have pupated or' 
are too small to be nccepted by these parasites. 

Adult shipments of Oampsomeris annulata were discontinued at the­
end of 1926. .Although this scoliid , ...ill oviposit uncI elf·velop on full­
grown grubs of Popillia japonica in the laboratory, its normal hosts 
in the field nre of the la.rger ruteline species, pUl-ticularly species of' 
Anomala and Phyllophaga. This species hus three genemtions a 
yenr, one of which is present in the field during midsummer when the 
grubs of P. japonica are very scarce in the present nreu of beetle 
infestation in the Unitecl States. 

Shipments of the carabid predator Craspedonotus tibialis were­
discontinued after 1921 because attempts to establish this speC'ies w('r(' 
unsuccessful, probnbly because of the decided change in the ecological 
conditions. 

REARING AND SHIPPING OF SCOLIIDAE 

REARI::'iG SCOLlIDAE 

The same general m('thods of rearing scoliid cocoons for shipment 
were employed as those used in former .)"£'tus and discussed in previous 
bulletins (9, 10). In India a composition of soil and chopped sphag­
num moss was used in tbe rearing Cl"OSS sections inst('ud of the usual 
medium of soil and sod used in Japan nnd Chosen. This composition 
retarded the excessive loss of moisture and improvNl the physical 
condition of the soil, thus increasing cocoon formation. A summary 
of the rearing results obtainNI with the differ('nt sp('cies of Ti[ihia 
which baw been studied during the period from 1929-32 is giveIl in 
table 8. It will b(' seen from table 9 that of the five speC"ies of TiTJhia 
that attack Popillia japonica (T. popilliacora, T. l'ernaiis, T. matura, 
T. pullicora, and Tillhia sp. Taiwan 5), a total of 37,5aS wpre shipped 
as reared cocoons during the period covered by this bulletin. The 
variance in the ra tio of cocoons prod tlced to the number of ovipositions, 
as between the different sp('cies, ranging from 4.6 percent in Tiphia 
7~solata to 80.0 perc-ent for T. saloi, may be attributed to differences. 
in temperat.ure find soil conditions pxisting in til(' various localities 
rat.her than to differences in thp specips themselves. 



30 TEOHNICAL BULLETIN 738, U. S. DEPT. m' AGRICULTURE 

TABY,E S.-Rearing results with variolls species of Tiphia 

I I i Ratio o( dis· 
1RntioOfCtlCOOnS! i carded co· 

t I to ovipositions , ! coons to pro· 
C t 0,;· ',: coCoon'"'j' cCooon's: dut'edcocoons 

S~cics Of Tiphia : fr(\::,u'~l~i~h 	
I. 

0 ' 

obtained Ycar i l::~ ;d~~d By !c.:~~~d i B~: 
, ! By spcdes t 'B}' species 
I I I year . Bnd t. ; year nnd 
1 1 I 	 ;sourcr ; source 

---------'---,----1------­
, :.Yllmbtr SlLmlJcriPercrnl Percmt :NlLmb,,: Percent Percent 

rrhost'n .. .,' 1929 : 17.407, 7. (1';2: 4il.5} '{ 377 5.3 l ... do.. .. 1930 39.;;1)4 15, 23~' :~,. (; 43 4: 3.975 I 2Ii.l 15.6 
' ...do .... 1931 65.hlB· 31,6ll2 ·I~.I " 3,191, 10.1 J1...do . i93~ 41.549 IS. 659 41.9 i 3,793; 20.3· 

T. 	 bi.,trulafa (sccond 
~cm'rntionl.oo ...... Japan "00.,19:12 38,939' S,507 21.8 21.8 ' 616 •: 721 7.2 

T. 1)llrrtlli . ... 
o-

. . 110 1932 277 61 22.0 22.0 I oj 0 1 o 
T. ca3t<tneatrOTa.. do .. 19:~3 9.43ti' 5.3~O 57.1 57.1 32-1 ! 6.0 6.0 
T. hamon·ular;. . .do 1932 1.101 274 2~.9 

1 

! lOi 3.6 3.6 
T. ;,oIaia .. __ • . do.... 1932 l.f>lk 76 21:~ i ~.r. 9 n.s 11. S 
T. matuTII.. .... Todia 19'2'J 24.il-lj S,012 . ~\2~ 2 a22 r 212 2.6 2.6 
T. IlOiopolita al/mi Japan •. 19:12 fl,3rK.· 1,594 : ):·9 17. 0 ~ ZI6 U.S' H.S 
T. popilliarora . rrho~cn.. l~aO 2,[>89 474 1 •. " q'l 1 r 139 : 29 3\ 

1.351 I 25.9 ~. ,l 47 i 3. :;f 10.2 
T .•aloi. •. I ~lg.·., :~l: 5, ~m 200 so. 0 80.0 164 52.0 82.0 
T. sfernoia . Japun . 1932 4'10 20:-; . .1', 4 4~.4 ~i 3.S 3.S 

!.45! :7'. /(qiliptuga... . <10 19:12 9.3"3 }.3•.1 15.5 210. lUi 14.5
'r. ,"mali" , .. . Chosen.' 1l~1:1 65. r,r.:! 3.,0-1" 50.4 56.4 6.66.~ • 1,0 IS.O 
1'iphia sp, Taiwan ;l Taiwun .. ~ . l!i:?9' 911 -12. 5 -12.5 2.1 2.13~~ i'riphic ~p. Taiwan 2 dn...., 19'2'J 310 ' 27.7 27.7' S 9.3 9 3 

Dm-ing- tlI(' coursp of rt'flring- \york with Scoliidnl' th(' ~-OUl.l.2: lan-ue 
in tlH' Cl'OSs-s<'etion tmys ('on1<' in eontnet with various fuctors in till' 
soil which w('aki'n tlJ(>m to sueh un ('xt('nt that dl'llth oftl'n OC('urs 
uft('r til(' spinuing- of the' ('o('oons. Till' mon' important ot' t1H'se 
detrill1l'ntal factors nrl' attacks by fungi and disN1S(" und ummtis­
fuctor.Y soil conditions, including insufiiri('nt moistun', rsuall~- d('ud 
111l1t('rial cnll bl' distinguish('d by.fungus growth and dnrk-11I'0wll 
discolorations on thl' ('xtrrior of th(' ('0('0011:';, Table' 8 ulso shows a 
sumll1l1ry of th(' cocoons of the yarious spl'cil's of Tiphia that \\.('['(' 
discard('d at thl' tim(' oi packing h('cuus(' of th(' dl'nth of th(' Inrvne 
within th(' ('ocoons. . 

SHIPpr:VG Cocoo:-;s ,\:-;0 AOULT FEMALES 

Th(' m('thods of handling and ptlcking cocoons for silipm('nt during 
th(' p('riod 1929-33 w('m much til(' SI1DW us thos(' that hnd gi\-('u sutis­
fuctory l'('sults in pr('\-ious ~·Nll'S. Extrl'ml' cur(' wus tak(,11 in s('pn.rat­
lng th(' cocoons from the soil in I'('uring trays, nnd in c-1iminating ull 
fungus-uff('ct('d, disN1Srcl, nnd crtlslH'd ('ocoons prior to pucking. 

Th(' cocoons from .Jupan und Chos('n \\'('1'(' pInc('d, \\-ith n. small 
quantity of slightly moist sphngnum moss, in small individual con­
tnini'l's 1 inch ill ditlmd('r tlnd 1~ of fin inch dN'p. Th('s(' tins w('re 
pacl-a·d for shipnH'nt in u nwdium of slif!htly moist moss in tight 
'\\'oo<l('n CtlS(,5. Cocoons }'('al'('d in Tnelia w('n' puck('d indiv-idunlly, 
with n ~mfill qunntity of slightly moist sphngnum moss, in tin cross­
section sets, (,Ileh compnrtment of which wns of ubout l cubic ineh 
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'Capacity. The cross sections were sl'parated from one another by 
·sheets of tin. On arrival at the ~roorestown, N. J., laboratory the 
·cocoons were tak('n out of their con taitH'l"s, plac('d individually in 
small vials, and sto1"l'd in the temperature-contl'ol cbambers fOf hiber­
nation and enwrgence the following s('ason. 

'Yith those species of Scoliidzl(' that were suffici('l1tly abundant in 
the field and that had an a'"Prtlge longevity of 30 dn,ys or more, it was 
found to b(' more satisfactor~~ und economical to ship adults than 
cocoons. In this cnSl' the adult femules are rdease(l in the beetl('­
infested arens almost imm('diateiy on Rl"rh-af, whereas with cocoon. 
shipmC'nts fiC'ld rPieus('s cannot b"(, made until the following season, 
nect'ssitating the udd('d problPms of overwintering of cocoons and 
mating. 

Thp' only chunge in. thE' method of shipping adult f('males from that 
describ('cl l'iirliN (10) was in the mattel' of food. In the early ship­
ments from Japan, ClIos!.'n. and Chinn the food consistc'd of a wrnk 
solution of eitilE'r honey or sugar and wutN. This was foIlowrd in 
1927 nnd 1928 by the usr of a semisolid food consisting of Japn1H'se 
ngnr mixf'd with C'ithpr honp~r or sugar syrup in rqual proportions, with 
grratly improH'd rrsults. During tl1(' period 1929-33 still better 
I"rsu\ts w('re obtained by tlu.' tIEr of "good" candy, a composition 
-commonly uSNl as ber food. This was made by mixing and knracling 
powdrred sugar. frre of starch, into pUfr houry, which had bren slightly 
heated, at the rate of 5 pounds of sugar to 2 pounds of hOIH'Y. The 
I"rsulting mixture was packrd into tlir holrs of a woodrl1 food block 
and wirrd to thr insidr of the shipping Ciln. 

Sr;\L\lARY OF PARASITE srnp~mSTSTO Tn EC\lTEDSTATES 

From tilt' incrption of tlle projrct in 1920 to 1933, inclusive, 1l1rge 
numbl'rs of the Yflrious parasites ill difl"rfPnt deve\opmrutlll stages 
have beell shipped to the r nited States. In table 9 is given a rr('ord of 
these shipments. The shipments from 1920 to 1928, inclusiv(', nrc 
given as a total for this period while the shipments made during the fol­
lowing 5-year period are listed separately under each yrar. Table 
9 shows the country of origin of each parasite und the various stnges of 
development of the parasites at the time of shipment. 



'fA111,]'] 9.-' ·Rrcord oj shiplllellts oj jlarusil(' lIIaleriallo Ihe Uniled 8la/I's for Ihl' control oJ tlto J apullcse beet/t' £11111 relelled 8carall(!citiae, 1920',88 C/.:I 
~ 

J.... tunily, genus, nnd species 	 1-:3 ,_____ ~1~~O o~ ~::~~(;I'IIIC~~·_. _.~~J .~__ ~_ i~~~~_=~:-;~;~I~J _~~~J lual 1~21 lIIa:l J~ t<j 
(J 

'I'u('hiultillc: , .'. I N!t1l1b~r NI~mberjNltI~ber!Nltlllber Nll11lbtr NI£/Ilb.c)Nu.!II/'~r ~ 
('ollrla dIU"" lllrllslUl.ed hectles, <Ielld . ••. . • . I JIIIlIUI. 110,1, ·111,1 I18, (KK) I U,o(XI ............ , fl,IO.1 II:!"I.,S ~ 
1':II/r;.fI)/"'i~ jaeulla rio •. ., " •. . <In . .• :!SIl •.• • ••• ....... ........ :!SIl ..... 

(JIlulIHUirJ ;liCOIif/rWI 	 FI~ltl·colh·ctcd hcclillS, liI'lug I .... do . :IO(),·II~) I . j •• ...... j -- ... , aOO,4()O
'['ro/lho/ls dOIl.ell; F-.PUIHlrI",. .••. 	 i' do.. ,. .•• ·1· """'j 2:17 I..... • 2:17 t"l'yr~olidue: 
.ldu/MiI;u J/'"';~rlu .. ,do.,,",,, 	 '. lillll" ..... 17,/102 :I,~OO L ...... '..... 1....... 21,402 
 t:d

Dcxildllll: 	 q
lJr:riu I'oll,ull. l'nmsltil.ed grubs .. 	 Chosou .•• ·'1 *1')·, ·1, r)()() 2O,r.oO 4,000 I.'~""_ [,c). :12-1 

JIIIlIIU ..... . i:l:iiCXl m,OIJ() 000 3:1,500
1'ro.'''"1 s;lIirUu ..{~;ielil?cOII;;c'ted grul,s 	 • ,,,do .... .. IflU,OOO 150,000 ~ 

~('(,lIidlle: 
Adult lomnlos ....... ' ............ . .J JlIl'lIn, Chosen, Chinn 31,0110 ................ . 	 al,OliO ~ 


(I(lml,.,omtri.~ ulluuluiu_ 	 Hmlred cucoons .. , ~~ _ ~.w _"~ .. _" .•• ", ""....... . 348 ~
.'. do{I'IIrnsltl1.Od ~rubs ..... , ...... . • ' . do . .,., ... '.". 0,::1n ::.::::: '::::::1 :::::.:1....... 6,410 
Ti/.,da uUI/;~ . n.,Hrlld C(WOOUS ~ IChO:;eIL~.".~~"~.~ _ ... 1U7 ................... 1' ...... , 107 

Adult l(lIllllie,,; . 	 9,004 1,0511 ................ "' .,. 1I,2nO C/O 

'ril'hifl u.'fericur 	 00{ .. " , .. :l~ :::::.:.:..:':.. 	

-:, 

Hcorcd CU(!OOIlS_ 	 02, :lOS 
Tipt.iu bkurillttla ."I ....do •••.•.• r.,¥~~.~:~i5~I,.2.'i8 2S'.4:I.l.14:8~0 5,7:!O

Adult ICIllIlIc.s ••. :I,1l51 ....... ' .................... . a,on.Tiph;u 1Ii";~Il/u/tt 	 ~ ..... {Hellred cocoons". J3,();J:\ .............. ' ........ 7,692 •.••• ,. 20,725 
,[,Iphlu bred/illea/a UI ...................................... . !ll Ul
'i'iphlll bllrulli 01"I ::: ::~ ........ .....:.:.:·::;·1·~~t:~:::)::·•....:
~r;phia C'n~tlJlIt'lICl'ora .. 	 , ...<10, •• ' ' ... ' 5,066

Adult lemllies .• J07:1671:~::::: -:::·:·:I:::::<,:::.~I: ::5;~~:1
'J'iphifJ rommlL";s 	 ~ . {HOllred cocoons. 	 "'j ....do ...... . 1,480 I.............. '.................... 1,'180


A<lult lemllics . .•• do .. , 	 1,216'l"iphill I,"/a ••. J{ Hellre<l cocoons •. do ....... 2!l0 ~ 
'/'iph;u hO(ll(lIlW/(lri. .1 .. do ..... 2(14· I Jnplln :I'~~·I!·~:::::· :~~:~:~·:h~:~.: :::~~~: :~:~:::: o'/,iJihill Isolalll ,. .do 	 711 nj'J'lphiu 1IH1lurn ,,10 	 · I~:\:~::::::::':::::":: 2i,4?~ 7,800 I. ·..·1···· .............. . 35,2iO 

:..
'Pillhiu !WloJJo/illJ. do :1:1 
'l'iphiIlJl%poli/lI u/lflli do • ~~j JUpllll, Chosen._ ::~ I:' :::.::.:: r:·::::j·I::i:i:I·/::::::. I,aili (;)
'J"}Jh,u ol'iuor.'HJli.'f <10 • t Chason"" .. .. 119 ::0 
'/'if/hill /lhg/lo/lhIlYllc do ........ . .. ' I Chosen, Chinn. , c. • 1,4011 ..... 

'{A<lUlt lemnlllS ._ '" .... j JflPan, Chosen, Chinn ~:J:m 1.>1:: ·1 ::::::r:::::· .:::::! ., "10 n
'/'iphlll /Jvplllliltora ,

Ht!ured t'ocnons .. ~ _" ...... , , •. do ....... . .. , :10, !i.'i4 • • ••. I 3:\5 I 644 I . . ... .. .... .1 ai:~a3 r:1 

'ri/J/lin pulli,'ora ..... 1 Vh·I<I·('oliecl<l<l cocoons .. 	 81,O.'i7 t""llndill " ..... . 81,1157'.. . ..• ,. .. I ........ I 

'['.phi••,a/ol •• 11AtlUIt IcnllllllS . 	 :.; ChoJ~n:.: ::'.: I • " ...... •• • " • 4(1 I ·HI 1-:3 

• i Henrad cocoons 	 r:1 
i A<lult IcmlllllS Jnpnn.~_ 	 4,'$.il :::i:'1 ....:..I.:.: .. :.: ... '4;4:171'J'i/Jhiu ,'f/allulu 	 8U .::.•. : 

.~~ 
t<j•• "·1 Henred cocoons •. <10 	 ~~JUI •• 1· ..... '.' 200 I·.. ·· .... .

7'ipllia /tuil;ploga ,..I ,<10 	 . do .. ... ',' ....) .... I. .... 1,180 ...... . 1,180
1'iphill /O/(I/)/III(/II/a ... , ,do 	 Chusen. ' .• ~~ .. _... ~.~ .. ~ .. I 476 ___ ._ ... I ___ ...... ~~«j~_w ___ ~ .. ~_~ .. ~~_ ... _~ ___ ." ·170 
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'1'iphia ,'(mlliis '''''' ••••_•••••••_•..• {Adult (cnllllo.~ ...... --.- •••••••• , ••• -•••••.••••.
Ueurcd cOl,oons .•..•••• _•••.•.•..•.•....••••. 

'[',phi(/ sp. '1'lIlwDn 5........................do .• """'" •••.•.•.••.• ""' .•••.". 
'riphiu :;p. 'l'o.lwnu 2._ .. ~ .. __ __.,. ~M _ .w,. •• __ ..... t.lo. "... ~~ ~ ~ __ 

C'llmhltlnc; 
Cra,'p<dOllotIUJ lib'an•• ..••.• '" Adult heeties ................. "'" .•••.• _•.•. 

------_. 

5,718 I 11,120 I 12,412 60,2:11CI)o~~)n~.~!~~IlI~:::: ::::::::1 ~:; 1i~ ,. 1~~ 085j" ~:~~o 28,3&1 49,8:l.i 
'1'l\i\\'1U\_ ... _ .. ~~+~ ... ~._~ ___ r~"_~4._ ain .... ~ .. ___ _ 371i.... 

•••• <10 •.••••••••••••••• ,. .•••••• 39 •••••,. au 
JIl[Jnn 10,450 16,450 ,.....-'-----,!.-.._"'-'.'.\._ •.-'-.,--'-----'----'-­..,_._ 
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SUMMARY 


This bulletin is hfiSPcl on the rpsults of further iuVC'stigations OIl: 

the natunll enemips of Popillia japonica and rdated Scal'llbneidae in 
Jnpnn, Chosen, India, and Taiwtln (Formosa) during the ppriod from 
1929 to 193~, inrlusin-. 

Inn'stigations Wl'l'e carried on with four sppcies of Tnchinidae find 
one species of P.\Trgotida(' parnstitic on adult Popillia l)('etles, Ilnd 
with two species of DexiidnC' and fin' spl'cies of 8coliidtle pnmsitic 
on the grubs of Popillia. 

IJamal'ia incolI{!tlla Illld Trophops ria1l8eni hnH- two or more genera­
tions it year in JiLpan and an' prc::;('nt ill the fidd as adult;; on'r n 
longel' pC'riocl than til(' Popillia Iw('tiPs find so n'quire altN'nllte hosts. 

{'elllet(/' tinEN(/', the mo;;t l'frC'cti\'C' piu'usitl' of Popillia .;aponica in 
northl'I'I1 Japnn. was found to be well distributed on the i5lnnd of 
Hokkllido, when' it ('ffects a high mt£' of parnsitizntion ('ach YNl.l·. 
On til(' island of Honshu just south of Hoklmido it was found most 
abundnnt in the hill\' and mountninous sections of tht' nol'thel'll and 
Wl'stl'rn portions of the island, nlthouglt its prespnce in ynrious locnli­
ti('s was di;;tinctl.y \'nriabk and the degl'l'p of parasitization wns con­
sidpmbly 10w(,I' tlltln tlltlt found in Hokkaido. C. ciner('(£ WitS ulso 
found in th(' mountainous section of Kyur;:hu, the most southe1'l1 of 
the largl'I' islttnd.;; of In pnn. From 1929 to ] 933 a totnl of 33.663 
pupitriu Wl'f'(' rearNI nnd :;hipp('d to thp l~nit('d SlatC's. 

Ilama:ria ;IlC( ngnl.fl, which Ol'CUl'S ~Pilel'ally throl1!!hout th(' Oripnt, 
WtlS found in mun., n('w loculi til's on the islunds of Honshu, Shikoku, 
and Kyushll in Japan, but thp gl'nt'l'Ill rate of fipld parnsitization wit;; 
exreectingly low and yuriaole. 

No fUItlwr l'('C'ords of El!I,.iJ·opsi,~ jamna as a pnrnsitp of Popillia 
were obtained. Trophops claw'eni wns found in sen'ral n('w localitil's 
in western Japun, but the percentnge of pnl'llsitizution ill P. jap()ni('(~ 
wns \'eIT low. 

Fllrtilpr r('co['(ls of Adapsiliajladstla. n pyrgotid pnrnsite of Pop ill ia 
beptles in India, rCY('al('d the same low rat!' of ptlrnsitization in lhe 
field as bad been pre\'iously reportNI. In 1929 it total of 3,800 pllparia, 
of this parnsitp weI'(: reared lind shipped. 

Considemblp n'aring work was ClllTiNl 011 with thp b\'o clpxiicis, 
DeJ.·ia z·pntrali8 in Cllosen and Prouna sibirilfl in .Japan. During 
this period 48,900 Pnpiltia gruhs W('I'e pnrnsitized in the lnborntory 
by thrs(' 2 dpxiicl::; and shipPNI to till' l'nited State:>. 

Im'estigo.tions were carriNL on with flY(' specil's of Tiphia parnsitic 
on Popilli(£ jILponim. T. pnpillial'ol'(L nnd T. l'frnalis occur in both 
,Jtlpall and Chospn, while T. malum anrl T. pllllil',)f'(L occur only in 
India. Thl:' prps('ncl' or thps!' sppcips in nhundance in the field 
was always localized, somrtin1('s chan~ing from :nnr to YPUI·. bp!ng 
sermin~l.Y (kpPIHI('nt on a suffiril'nt supply of adult food tlnd suitabl(· 
host gl'llhs. Extensin' rl'nring work wns Cllrrird on with tht's(' sppril's 
of Tiphia. and a total of :n.;,)88 1'parpd cocoons wel'p shipPNI during 
the 5-y<'tH' pl'I'iod. In ndclition, 47.Sl;,) adult f('mllips of T. l'frTlaliR 

were colJrctrd in tlH' {ipld tlnd shipp('(1, of which npPl'Oximntc-ly 84 
percent arrived in tIll' CnitNI Statl'':: ol:\'e. 



INVESTIGATIONS OF PARASITES OF JAPANESE BEETLE a.:'} 

During the cOUl"se of th(' investigations 011 the pamsites of Anomala 
orientalis, AutoseriNL castanea, und Serica peregrina, no suitabl(' 
parnsit('s of tIl(' adult bl'('tl('s w(,l"e disco\-('red. A large number of 
sppcles of Tiphia pnmsitic on grubs of Anomala nnd Serica W('re found, 
but onl,\' 11 sp('cips were consic\l'l"N[ of sllffieirnt importance to Wa!Tllnt 
introduction. Of thes(' Tiphia bi8eClllata, T. bllrrflli. and T. {(·gili­
plaga occur only in Japun tlnd are parnsitic on Anomala, whil(' 
T. noto]J()lita alieni, u1so a pnrm;i t(' of Anomala. occurs also in Chos('n 
tlnrl China. T. ca.~tallea('rora, T. i.~olata, tlncl T. 8tel'1w[([, nl! pnm,:;it('s 
of Saica. occur only in ,Japan, ",hil(' T. Clspricae and T. liomoncula ri8, 
u1so parasitp::; of Sericrz, occur in both ,Jltpatl and ChosPl1. T. satoi, 
which is \-rl'Y dosp to T. sterna/a tnxonomically. is 0, pnmsitr of S'('I'ica 
nnd occurs onh- in Chosen. Of all tll(> Tipltia stlldiN[ in .Jnpltll and 
CbOSP11. only T. biReclilata and T. tegitiplaga haY(' two g('nprations a 
y('ar. Lik(' th{' Tiphia pnrnsitl's of PIJpillia, th('se spl'ci{'s of TiphilL 
ar{' ypry Iocalizrd nnd tlll'il' (,(f('ctin'n{'s;; and distriblltion al'(' d('p<'nd­
ent on a suIficiPllt snpply of adult food and suittlblc host gl'ubs. 
Shipmrnts of adults and rent'cel cocoons of these 11 sprcies fl'om 
1929 to ]9:33, incIusin, totaled 6.13911dult females and 77,270 cocoons. 
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