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Campsomeris annulata (Hymenoptera: Scoliidae)
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i &

HHRPIBROFB & UTKAEY =M 3 2 LY
Frid, BREGICH$ 2 AP %<, P RIETIIPIER
Wit ER R RETEZ20ELS P oRALR
TED, ZThETIZZLDOWEAITORTEZ (van
Driesche and Bellows, 1996). T & ftho iz 24t
L, ZNEWBETIHTIIES LY S2HBFEHIZ
Kt LTEETH D, FICHHERRICET 2 %54E
WIS U UWIEAERI AR ICH W 5 Tn b (Hajek,
2004). UA U, FFAEMSHIZAEN A Dk 72 9 Kk
LLTHYBEE ShBMNEWN—T, AR & EEREH
BEDHE. LT 63 Kl L COFERMEEHE S
TVAVREE B,

VFNFROWIE T H 3 A VFHOY R EHFFE LTS
WHEMOFREWRTH S, T H 4 L HOL RIS HR
ICAHEL TV B 720 RIEEN ) & D 5 < PhkRA K #E 2
Fro, KEBROFMHAPEHEH I TED, VFN
FRlOBZZOHEE LR THL L NA S, LaL,
Hirh D% A R § 2 ATEO A R84 FE 3 5 013 R
ThD, BHEE TIZZOHEEERIZOWTHRHE SN
flix Az,

B X N F F Y F )N F Campsomeris annulata
(Hymenoptera: Scoliidae) (X, HARDAIN, MUE, Ju

Mofh, 4V F, AV Fxy7, HE7 Y7, HE,
T4V, BB, TSI AL CFIE - FRA,
2008), HEEHRTH S K H 31 74 7 4 Anomala
cuprea, 7 X F 7 H % A. albopilosa % & 30 Anomala %
X, ¥ X 3J 3 Popillia japonica % O Popillia JF D %% i
PREFELTH2HENMEN TS (Miyagi, 1960;
A, 1967; FhE, 1980). MEITIPEAKRME L TT
AU TO~ X34 kR (Clausen et al., 1932) %,
YAISVETOYY 7 F AV A ik (B, 1967)
ISR S, FALHABSHIZAS ML TOhDHE1 S
TERBE L TCRERELMTHILEEAD. SHITE
T, RN B SRk E L LT oREIE E
PHH XN T3 (Inoue and Endo, 2006). ZD X1,
HEEEREORMTH S VI MTEHEhTNHS
fth, S#ITFEFRERE UTEEH ST L oagEs
B AARFEZ D, BIFEE TIZZ OfIH SR RES%
DWW 280, HF AU Clausen eral. (1932)
X Miyagi (1960), 28 (1980), Inoue and Endo (2006)
12k - T, HFEOMME, FEINEA R, BWiHiky
BREAME, BRFMTT TCOREFHESFIIELHINT
WBEA, RS E -S> TED, KDEHHZ%
BERVETHDEEFA S, T2 TARIZETIE, R
FEDOEANTFHAYFNFEHG, CANTFHYF
INF OIS AEEE K OBEIT O AT F 7Y

* Corresponding author (E-mail: scoliidae@gmail.com)
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WS M

FSF OFEINE, AT L AR, RKHIFR
F DS EREN WA FA L 7.

AR EZETTHIH7-0 L OFEREIE % 1H
W7z U R R ZE e R B ge b & AR M B
M AP KR EA B OSARIER
oz, BHAL DMEBIZICRBORERT. &k, W
HEE A S gV E LR % THO 72 KR B2 5 1
DOWFEEDOTT 220K DL L L 5.

MoR & %k

1. AR EEBEAE

FERICHW e XNT F Y FNFIE, 201245 H
VA e VA ) T V2 TR O AEIZRAAE T 5 Tk % 0
L7238 DTh 5. HEFKRIIFERICE R, EE
10em, ME4demDTITAF v oIy T (ZV—=VHy
7,0 28y s HRASt) I2AR, 25+17C 161.8D
DEEGNTHE L7, @Kz &< T2507 72
F oy 2 Hy TOZBIZFE CETIE LT 1D
DHy FITWELIAKE AR, 25% 1D - E & %
BBiERE (lem X 1em) %47 v THIZ AN B
fEdmZ 2 NS 1B L, h o THAENZBAET 4 v
VB THhoBENERES /2.

WEIEFTH 2 TA T4 OKEIREF- N F
IHAXTATADYRIEELOATHETEZ %72
O, BAHIKERET 2 H1HK5. FERICHHT 2
SRR D 728, P H T4 T4 DREREITH %
6 A THZ2 69 LA T, &k R E R 0L
DHFATIZTRR U 7=l A& i UERIN & 17 > 72, $RUMIE
60cm X 45em X 25em DT T A F v o r — ANIZTHT
W, IS EELE O — AT R %
U BN & &7z, KO HIZIEY 7 H 7 ¥ Cayratia
Jjaponica %0 LYERE D HE A F N 7=, FEIN & & 720
XZDFEETr —Z2NTHE L., YFNFOUHTEL L

Fig.1. C.annulata ovipositing in a container with the
sphagnum moss.

TR TZ 2% TiF, WY EME, 7H
~8H) TH2 r AOWIMAZREE L7z, R — 2
PIZIBELZBINL, 20 aKkrsaEE87.

A FIE L 5 &, BWARME N TIEEEES i
WIS D, A RO REIN BRI R C & %< &
5728, A TA»HIFEHELEZDD72EE10em, &
EAemDT T AF v 2 hy T THREMBEE L
1I5CAEOHEEHRNTRTT 2 Ik ->T, 6 M
FCHLAZES D HENTE . Tz, ROBRERN
TEHRWTH» 6 8 HICH A E AGAE, 2 HIZE
NTHRIE L T35 H % 25C 16 L8D OHiRE I §
HT4H ok a8, Zhoohr sk
U4 2 HTHEEY R A G T AT 412
b X &= IZiE, 2 A4 7S Rumex acetosa 75 & % 5 %
Iz &k, FUhtx74 74 OFEMAIEPIEHE2E
BUZ E RN AT DT EEZ T 21TV, ZORIZK)E,
BEINAITHOMRIC A . 2O K I IZH RO & RO
PUEREEI A2 BEI T 2 Fc kD, FhHFEOYREY S
T < FfEPR T & 7e.

K ANT F IV FNF OFINIEE R 12em, 5
6ecmDTITAF I AT (V=Y T, VAISy D
WRAEt) AHWE Z0H Y TNISES B KEE
VEE5emIZ LA D ETHL OO, ZZIZFYH 1T
4 74 3SR 1T & M A TUC A, WG AT IS —
BT 2HTHEINX G ZHNTE 22, MHEAREDH T/
SEMFEAMEL, ZZIMEX T AR X
T HREINL 7 (Fig. 1). BN S M=% T3 ElE
AN TIHEINAHE LRI A % $ TIRE L 72, RED
B, KEPGEL TOBHAITFERE TKRE G .

PUE U 72 RIF 1 10em, S & 4emD 7T T A F v
21y TWICHEREA TILF O ANANT Y v oLz T
DL T RS R R D TN TE £,
R L 72 25%DNF I ViR & 5 4 721%, 1%
G ATENE /LA, PHLKLIH B IZEEN %
1T-7.

2. MRBARBROENER UES
AT O AT F 9 FOSFIZB T B EINE L
Ve FET 2720, e XNTFHY FNF I/
12T 20124 4 A T2 & AR OIRE AT - 72, KTE
DI CHER S N5 HIH» 6 12HETO 4 HIEIZ
HREL 72 SICOMEIZ, 1H1HFEST IR E THHHE
EHz, BNV EH@mERE L £, HALHEE
I 2O ML FEINIOA ML STf L, WREL
PEINE A F L 72,
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3. ANEERE L RBEARUVELER

L XANTFHYFNFOINE30C, 25C, 20T,
15CO4HE T CRTE L, SuERMET TORE R
TEOREMEAHEE L. £, Thi g S
ERHEEEZ L ICAMEERE E RERAE TN THh
B U7z ARRSLRR & RER MOV,
() 2B REORE (D), REVEILT 2 HEFE
ME (1) & L728a, AOmEE ek & oB%
A D (t—To) = KD SO RGEE ORI A TTis, 78
HHEOWE /D E#REHEE (v) &L, WE 0 &
OB AR, EEXh-REREOEBRARR (v
=a+bt) POREEEM (—ab), HHETE (1/b)
ERMT 2 ik E ROz,

FRIMZIE 2012 4F- 5 I f bt WA 06 vl "C il L 78
I OMEA R L 7= 20124E05 9257 HA6H
F TOMMIZ, FWROEREREIC TR EAA 7. /i
WOFINEIZ L 0RO BHOBICHFEZ &M
L, BIEEOEESCVATHE L. [N
RSN (lENEE = K DA o (AR S (AR S|
LB AR L 72, 72, PHLEARSAOME, F
HEREZ L O EHERH Iz oW T R Aisk L, HER
JE R FEINEIA & D BA£R A& MG L 72

4. FRERER

RAINT F IV FoSF ORI A MlEE & S o %8
B L ICHA L 2 AW 2 BRI
30°C, 25°C, 20C D3 DODWEE X TCENET - BIL
V2D TH D, PHLL 2R HEIEEE 10cm, & &
bem DT T AF v 2 H vy FIZAR, 25C 16L.8D D
WANTIEE T % £ CHIH LIKRAG@ 2T L7z &
BEHIZIZ 25% DN F 3V VAR & JeAil £ 8 7= B
5z 7 BSOS mE 1 b 2I2irswn, i
T HAT A - 72,

5. #KEtHM
A BH I R D PEIN B & Fg i DB DTl
3N A O TRROE L7z, BlERIE IS X 5 MEHE O J6 1Y
M OMEIE AN &> TR, REAT -V
L OFRHE MM OMEIE Student D t M E &2 V7 F
7z, BREBRREIC BT 2 HEEE Z L ORERIZDON
Tid, Fisher O EMEMRE &0 L7z, SlETEEKEAO
PEIED IS4 7 2 DA IEZ DWW TIE 2 HRE & Vv TR
B L7z TNOFEIN & & 72 &OPIb & TOIETHE, B
{LBDOMHDOBERIZONTIE, a2 F 4 v Z[EGIC
Ko ThHRE L7z, Ml KOS ROEFRE Z &0

45
40—
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30|
25+
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Fig.2. Relationship between adult female longevity
and lifetime fecundity.

REOAGFYRIZO>WTIEa s 5 v 2 REET - 7-.
QEMEIZIZR 2.11 &2 VY, ZOMOAETOREIZIZ
JMP 9.02 % 7=,

A ES

A TG o0 I R 0> SF- P PE I 813 23.6 £ 10,7741
T, EHFFaIE37.0+15.96 H Th 7. 72, Kk
PEINEE A0 TH - 72, 5 A 7= EITx 2 B
96.3%CdH - 727, FEINEIL65.2%TH D, = TOM
THIEANDBEDRITH, FEINE (T bR VBIR A
Wohr, EOfEikd b & ClEINET%-> Tk
0, EFEHBEFEINBICIZEOHBEA R S (0
534, p<0.01, Fig. 2).

REMBIZE 2 £ T, 30°CT51ME{A, 25C
T123{E1k, 20°CT137{E1k, 15°C T7{EAK DI % fi
HL. BIRELET TOMBORE, 15CLHtD4:
TOWREXT, RRETORFEMLRL . 15CTD
FATEAR AT 3EB DL B LB, ZOHETHELF
A LTHLE L7 20C, 25°C, 30°CISH1T B0A 5K
mETOREFHIMIE, HA20C T89.5£5.52H,
25°C CT41.8+1.71H, 30°C T28.3+0.87 H, M
20°C T93.6+6.65H, 25°C T44.0+1.96 H, 30C
T31.0£0.95HTH Y, 25C & 30C THMEIZHDF
BB (FEH, p<0.01). £72, 20CT
LR NMEAICH 572 (EHT, p=0.06). KEH
ByBE 2 & D FEE BRI Table 1128 L 72, FEUIA & Wi
b, WbroliftE <, MWiLr oMb T, PEIN
PEIMMLETOETHD AT — VT, BRETOREN
FIC3AER LD RSN (Student Dt E, p<
0.01). ZhoDfERLSRERMEANMAREL
B L2zEZ A, WA 15.23°C, 411.9 HE, HETiE
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Table 1. Development time of Campsomeris annulata from egg to grub,

grub to cocoon, cocoon to adult and egg to adult at three
constant temperatures

(day, mean = SD)

Temp.
n Stage*
Egg to Grub to Cocoon to Egg to
grub cocoon adult adult
20C 137 6.0 £ 1.04° 151 +1.39" 71.8 £5.96" 92.2 +6.52°
25C 123  2.8+£040° 6.6+0.72" 335+224 429+214"
30C 51 2.0 £0.16° 4.7+0.62° 23.3+£1.59° 299+ 1.62°

* Different letters show significant differences between the values
(Student t test, p <0.01).

Table 2. Developmental threshold temperatures and thermal constants
of Campsomeris annulata

Stage
Egg to Grub to Cocoon to Egg to
Parameters” grub cocoon adult adult
To 14.92 15.53 15.05 15.08
K 28.7 63.8 339.0 433.5

% To = Developmental threshold temperatures (C),
K = thermal constants (degree day)

Table 3. Mortality during the immature development and offspring sex
ratio of Campsomeris annulata at three constant temperatures

Mortality
(%) Stage*
Egg to Egg to Egg to Prop. of
n grub cocoon adult female (%)
20C 137 28.5° 47.4° 72.3° 65.8"
25°C 123 20.3" 32.5" 42.3° 49.3"
30C 51 19.6° 471" 58.8" 57.1*

* Different letters show significant differences between the values
(Fisher’s exact test, p < 0.05).

14.93C, 454.2HETH -7z, &7, SHEBEHMEICK

PULE CORTEREOBARIZOWTIE, 25T & 30°C Dfi

B AR R & FEE R Table 212 % & 72,
KU IZB T 7 RIE, b TORIRTIZELS R
Lo 720, b2 Sk £ ¢, L &Mk £
TTIZ20C DEIEA T 25COfEMAL D & HREIZ
B2 5 72 (Fisher O IEfE M %, p <0.05, Table 3).
EEHEHE LTiE, FEOE, £ =12k 200flif,
HEHERR SNz, 2AEOMIIE1.24: 1 THED 2%
W, HREER o7 (QERE, P=0.25). %77,
B TOMIIZ R AR LIRS i h - 72 (Fisher
D IEREMTE, p>0.05, Table 3). FEIN & 7=l &

BRI O TREINE AR VIE E A RICIEC R E
 BAEAAR SN (Y 2T 4 v 7 alE, p<0.01,
Fig. 3). M OWTIREEINEEH & OMBIIZ R &5 ok
Motz (@Y 2T 4 v 2R, p=0.73).

BHOIFaITHETCEY72.2 242,12 H, METIEEY
95.3+55.20 H T, AEZICMiD inE» -7 (ar 5
Vo RGE, p<0.01, Fig. 4). %72, JIHLATOHFR
J& L FmOBIRIZDOWTIE, 25C & 30C THIE L 7=
RIZHAR, 20C CHIE L 2RO A A RICHE » -
7= (v v oRE, p<0.01, Fig. 5).
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Fig.3. Relationships between the date of mother wasp
emergence and the mortality rate of the
offspring during the immature development.
Logistic regression lines are shown (Logistic
regression analysis; r’=10.0064, P=10.31 at
20 C, r*=0.1448, P<0.01 at 20 C, r’=
0.1419, P <0.01 at 30C).
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Fig.4. Survival curves of adult male and female C.
annulata. The dot and solid lines show male and
female survivals, respectively. Survival curves
are significantly different between the sexes
(Log-lank test, p<0.01).
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Fig.5. Survival curves adult C. annulata in response to
rearing temperatures at which they had been
kept during the immature development. The
dot, solid and broken lines show 20°C, 30°C,
25 C groups, respectively. The curves are
significantly different between the 20 C and
25 C groups (Log-lank test, p<0.01) or
30C (p<0.01).

AZRIZ L 5T, B ANTFH Y FINF W5 7 fil
BN ECRNREAETREL Z LRI N, A AREOH
BRER 20 A BERS RS & A0 U2 e 5 72, SRIOFEERIZ B
T, FRINEBNOBTHT TR > 724, PIAIZH S0
W= WIS 0> & 2 [EL A N CTERIN L 22 54 T,
WD T FE AR & B 729%, IS 2F A< 0WDETE
FIEFDEL TV AT AELBIERI N (B, K%
&), ZoZen6, KMERBNOIRE) A, FEINY
FIREDWIFE RS> TWAERELEND. —J, M
B AE DR A, PEINHERG I A 5 TV B AR 2 BET 2 5
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B LA, Z2oF FEINTE 2k L, FEIN W3,

RITEY 2584 2 2 L AT &2, EEINANCIZH TR
DhEEL EFLLS KRS T THrOMREEIFELZITHY, 2
D, EHEFFIZEARNALLL ZT DD, HFFEOD
RRERRT2MATEHRR SN (B, KER). #E
YR 37 & 3 & o K S SRR o 51 b
IS TL 24, xRS TWICANTEL &,
THOKRENTEOMFEEPEEL TLE S 720, EINR

RTERETSITA y THAEMO T RERH - 7=
(B, KFER).

KRR I 5 IR O FFan OFAE, £ OfH
DOKi L LTOFEIEEZMS ETIFFICHEETH S L
WA D, Sl ARG AR O N & P S & A
LR, FEEINENT 23,6 TFEE4mIE37.0
HTH o7z, B ANTFHYFNFOENEIZDONT
3, 60 CThd 5 & v W (B, 1967) %,
100 T2 T 5 &5 H (JRfd, 1980) 23 3 73,
EBL MR 7 — 2 2/ LT, KERIE, %
SHBEMRARICR L1 H 1HEDO AL Z 7256 O @I
Th D0, LT OE DL TYHNHE L 2=k T
HHFITMA, GALHFEIT ERIBTIE, KR
796.3% & iAo - DIZK L, FEIIEA65.2% &K
hol=din b, FEEEOEFEEINE KL =H5RTH
5LHEZ6N5. Miyagi (1960) &, IEVYF/NF
Scolia decorata & ¥ ¥ 1 /N5 F 71 F /N F Campsomeris
prismatica % PSRBT, EEINIFEERIE I IRCEY
FTE2GAZGAETEIHICRAKTUEL 2PEINL &0
Tl 2T EYYFONFIIINEENISHR YN A 190 %
WL2FILA AL T nWZ er b, BhckT 3
HY 7= 0 EINENT 1IN A 5 200 Th A 5 LHfEHI L T
5.

MAT, EXNTFHIFNFEELLL DY FN
FTIiE, (1) WE»SHPOFEFEERAL 5285 5
#L, (2) FEEBRBEERWKETILEZALIEZL
hAERR, (3) BRT 2 EHFLEMEL %I
WS ANEDAA, (4) LHIciUFE % 1F > Th 6 pERN
T3, LVIBEH TR POEVEINAREA S 729,
PPAHC H 1 2 FEERO H Y D NI BN &M T T
R XL X 6ichntiffEihnsd. b
NG FHYFNF G a2 L EHEMEY FNFHH
TIEHYS =0 IR DB NEELLNE D, ZOR
R ZeThE, RWAALEBIFNIZUE > TYN & Ri i 12 pE Aot
5LV EINEIRICKDAi-oTWBd At D,
Fig. 2128 L7z & 5 A AEHIR & B0 O FHBEY A3
RoNfFEE Z 0 XS RPFEIIKIE DAL &R LT

Gz & ol E CORE WA ORER, MHEORE
R EAMREREEEhZh, #A115.23C, 411.9
HE, MEcid14.93C, 45420 TH - 7=, ML
BITHEE SN RERITISCHIR TH > 7228, Th
F15CCHIE L2 ARNRBE LT T $5 25T
L2, o e XfHans. EOREHMIIAE
L DL, ZhE, Y FANFOMERMER D FL
B, MOREL T B3Iy 7425 —
T 50 (Miyagi, 1960) %, Inoue and Endo
(2006) AR L 7ZZBAOREFEL AL TV 5.
FEIRY Z L DR TR, 20CDEEMKIZIHWT
25COMER LD & Er 5724, REWMA RT3
2O THEF =R ALV S KU h D) 2
NEL Kozl eELENS. /2, PRI -6
HOBENIIDOFEC RS A RIZE A 5 722D 0TI,
BHICDO 2 FEINORE, MoORZBREIELRTZZ
CIZKBINDEMET LT 060 H 51 h, PE
PG I D W TR TIi A>Tz 72%, 51
25 7HE TOMIZFEINE RN OBREEL T 5T
WEHTREME R B A 5B, B ANT FH Y FNFOR
FE AT 78 912 %72 5 CiE, MEORFEIRED T PLR U1
KPR O OVWT R EE T 2B EN D L7 A
D.
BHRFEIZOWTE, BT T72.2+142.12H, M
TIXFEH95.3£55.20 HCTH 0, MkEE BIZIERICRE
WIRAEGFL TR ER 0 572 2O &S R hFam
DR, MEZhZhOBHERIHEL TWh5 &
#7Z 5N 3. Tani and Ueno (2013) 1%, Y F/3FD
WERAESD/Sta =)L) 7l L, f%ED
BN SRR T A2 L AMELTVWAY, Th
IZH P OSBRI & o THED 2L 5 D = IEffE &
LB 28 PR AT RE R R, Wkl % iR 3 5 729
ICIEEMOS b — LR TH 506 72 LMl S h
3. ZO7DHENRRRMAT #3345 7201013 R
b EFTEIENERTHIEEAD. 2
IZOoWT Y, BB L2ZX S ICRRINEE R T F 409
HAEFMS 5 R H Y72 0 ORI DD & X % Far
THiOVERD LI b6, RIFEVMHATH S, X
DIZFEEHEETH BEULDTH X 4 VHTIIMDOF
AREICFE TR ABHOF LAV AVEEEE LS
N5, EINCE L Z2FEOREITE, RiED RV
B HFGADBETHZLHEL N5, FEINCE L 7278
BEBOFRFEORRLKMETH 5L PHEhZ L AN
FOLIMTIE, &2 R8T & WL &% E O
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EAEFEL, H0BEL 2O ES 5 Z & TR
B A 20T 208K 5 Tv%  (van Nouhuys and
Kaartinen, 2008). [f#%!Z Tani and Ueno (2013) i3,
Y FNFRIOMENE & OF FHERIGATCE L, 20
WO UEL T Z EaME LTS, 2
NS DOHEFENP L, ERNEELZFFEEMHET Y F /3 F
1%, REIEORFEGOHRT, AV 4%
TEHRLZOE &8T5 28T, RN AFTL
BRET > THWb il ch 5.

BER RN T &P RT O FEEWRE & R iy O B £
IZHWT, 20CTHIE L 7=k~ 25C & 30°C CHE
L=fiifk kD 8 BEICHFMAME VI HERICAK -
7z, TR OV TCHREZR IR RNEAA T % 238, 20°C fil
FEATIX, DR =FIIL3IMbE TOIREHES
o7 le 8, YO FRIEEAL 2, BRI
L7-feERnE L 6N 5.

GHIFE AT AT FHY FINFITEB T BT
RO L, REFHKCAEERRR, KR
MWIZOWTHE T - 727, EERIZBWOR Sz
UNEGE, HEPARRERTH B P 3T A T4 OFEINE
MW T4.5TH 5 L0 |E O 6, 1991) o~
A3 H 3 OFEINVEA 40 20 6 60FEETH 5 L5
% (Flemings, 1972) 12D &<, ZoHEr s, v
ANTFHYFNFOAREHNTINSGDIH X LY
AT 2HINHETCHLEEFEL6NE. LirLA
FRIZ WIS S 1200 U 724 26 2L oo 784 & Rk i dg
Mtk ->C, EEMOFETER, F1LOF IS EOFL
EFEOHROM AR L THETZ S LI EIn LT
pLELoN, FEROKRREEMA S IEK#E LT
OffifiiizE & Wz 5. £/, Tani and Ueno (2013)
PHEL TS &I, YFNAFHEEOTY) TS
[ L, ZDBITIZ#E DR U3 2178 2 > T
H, S, ARG R O A OB RS T, R
TEDRMIZES T 5 AR E LT A& & 5 he
MeELLN5.

ZO &SI AR E LTRHH 2 AHEMED &»
HARFEED, HRE L TCEZOEBIIARPLENE L,
FEIZ 240 H DIBE O R e o 24 JERE Y B R B I D
TIERBHOZETH B, 2L HLFEDEINZ DN T
1%, 30CHIESMTTPML L 720, MLt 1 H <o
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Summary

Campsomeris annulata (Hymenoptera: Scoliidae) is an important natural enemy of scarabaeid beetle

grubs. However, few studies have addressed their effective rearing procedure and basic biology, so far.

We developed the simple breeding method and investigated the basic biology of C. annulata. The last in-

star grubs of Anomala cuprea were used as a suitable host of C. annulata. An oviposition by female C. an-

nulata was induced with a host grub and the sphagnum moss in a plastic cup, which was kept under a

constant dark environment for one night. Overwintered females collected from the field oviposited an

average of 23.63 £10.77 (SD) eggs during their lifetime when kept at 25°C . Their average longevity

was 37.00 = 15.96 days. Developmental threshold temperature and thermal constant of C. annulata were

15.08 C and 433.5 degree day, respectively. The mortalities during the immature development were
72% , 49% and 57.1% at 20C , 25°C and 30°C , respectively. The mortality was significantly high at
20°C . Curiously, under 25°C and 30°C conditions, the offspring mortality was significantly higher when

they were laid later in the mothers’ life. The longevities of adult wasps in the 25°C 16L.8D condition

were an average of 72.18 £ 42.14 days in males and 95.30 = 55.20 days in females; females lived sig-

nificantly longer than males. The longevity of the wasps that had bred at 20°C during the immature de-

velopment was shorter than those at 25°C and 30°C . The current results complement the previous frag-

mentary field observations of C. annulata and help the understanding of its general biology.
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