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INFET, HEMBHIZOWTL, BRIV 0L Bar 52 OMEIITONTE (df.
WiLson, 1971), & D biF, ZDEFEHOHFE (Cumser, 1949; Brian and Brian, 1952; Sakacami
and Havasuipa, 1958; Rass, 1960; MicHeNeEr and WiLLE, 1961; WesT EBERHARD, 1969; MaTsu-
URA, 1969; tA7H, 1973a; Yamane, 1969, 1972; Jeanng, 1972; Yamane and KAWAMIC.HI, 19757 &)
R, au=—HNOHESHEENIFZE (Parol, 1948; Brian, 1952; Yosuikawa, 1956, 1963a,b; DELEURANCE,
1957; <F74, 1960, 1961a,b; vox Friscu, 1967; JEasng, 1972; Saxkacami et al, 1973; #4i#, 1973
b; Marsuura, 19747 )3, HHLDOHESEFENEL ERIZ L - TEETHSL, LrL, I1b
W2z, ZOEBEOEBNLZEAZHL2ICL, 2IIXHEEFEIEDLIICKBL T b2 2N
52k, Bk E s s, HEMN#LE2EZ 2 L TEETHE, ZDLIEHEEL
T3, REHATEI#Ik 723 D (Nakasus et al, 1976; Heiwrich, 1976, 1979a,b; Suzuki, 1978;
(LEFiZ A, 1979; B, 1979 % Kcf. Hewrich, 1979c) X0, Hav& 2k - 724 » (Fukupa and
Sakacami, 1968; Sakacami and Fukupa, 1968; Terapa et al, 1975; Fukupa and OuTani, 1977;
Mivano, 1980) &% 5,

78T T ANF Polistes chinensis antennalis PErez (3, RIG 7B R Mo EFR * LD
T, FBICREE»BEEBRTRE) 230, BEEHLIILT 5 3 TOHEIL, TXTotFER
L EBHHETIT) (554, 19592, b; Yosuikawa, 1962) , ZOHifIZ, Bibe i (MMt 2
T — Usolitary stage : # )|, 1959; pre-emergence stage : JEaNNE, 1972) Wb b hY, Z DOEEHA
DERBIZIEDLOTEHL, A0=2—DEFICL->THRLEVULVEHTH S L2 NTv 5 (YosH-
kawa, 1954; Mivano, 1980), L7275 » T, RIEMBEEROREFLME (REHE) 2mb Z Lix, #IiC
BOLDEFENVDEODOEBENLZEEB LT L2 T, BMEEPHORS 2ERMICHRET
SERLHAZETHY), AHENEFELELL LTEDLHTERETH S, 72, FA (1953, 1954)
3, AEOLESRIIMRBOICEBIC L 2EAMICE2ELERA DD, BiZ, L NVEELREICE
LB TIE, MEMKRELARECESNLZELD LIPHEI B & 2HEL TW5, L2 L,
FHLOWIIAKROELIZIREINTE ST, 272, BELWOREMEIL L OBRIZ, EBRIICH
EDICENTL TE R bkewv, BKEETIZ, 72 €T+ #735FPolistes chinensis antennalis
Pirez DRBEBID BT BIEO SN OHE 14 LT, I8 - Zhd - 3 WHE o FEZL, Wi o)
WKOWTHERNEBROFEREL WMET 5,
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ﬂ ﬂ (cf. IR, 1970) I=FskL7z, 7

\\\\\m H10H 12w EMp %k L 725, a0

—p S 3 E T L) otk HERES
W —= fe. L rhis T2 AL DI,
BEICLSTEINLZLDOTHD,

INCUBATOR B H ot g DR CEREEE)
B1  £R58, $EORR UL BRED F ik ICRE I & 5 7, ARETIE, K

Fig. 1  Methods of collection of eggs, incubation of them
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b TEBETH Y (Mivano, 1980),
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EEBRICIE, HKEBRICENTEZSLIBZAC, I8, BHCARERLZLDERTOY
HORCRIZICHE X & HICREL, A@FMPTFIVoFRE2528F L 72, HREMIT, 7
B IR(F936°34'N), K3k IR i1k (#735°57'N ), TR IRARE (#935°47'N), 1& R FEW (#733°38N) TH 5,
TERICIE, DoLhrLOE=— DN 2HREZAALZTEERICENZY, ZO=— L/ E2E
FINKELBZ T, WEEHEZ L, BELVID B L (Egg trap), 2t H DI,
10cc D> 7IVEIC AN, BICERARERIC AN, 10C, 15C, 18°C, 20C, 25C, 30C, 35Cofd
BERPICHEREL 2, Bbomaiciy, MIBERBEMSEHC (K1), HRIPRUCILomE, 7
H1EI28D 5 4BIC T2, LA -T2 1 HDBELZ ST, EBRICIE, B 790002 H W7,
TB, TOREERIZ, VBEIIERRECBEVTUT-2LDTH B,

and examination of hatching.
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Fig. 2 Seasonal variation of duration of egg (A), larval (B), BICEREN/273H, LBV
cocoon (C) and total stage (D) at Funabashi, Chiba Pref. oAv7 H26H icpEE 1.7231H T
1 ZEECBIZMHUNREEMELS, FLERVEE REFRE & OMBERE (),
Table 1 Duration of egg stage and hatching rate under various temperatures and correlation
coefficient (r) between temperature and the develomental velocity.
Locality Latitude 18T 20°C 25T 30C 35C r
Kanazawa 36°34'N X 37.60 19.60 - 10.24 7.06 - .9987
S. D. 1.14 2.63 0.56 0.56 -
N 5 10 17 17 -
Hr 11.9 34.1 73.9 77.3 0
Ttako 35°57’'N X 38.00 18.65 10.50 7.07 6.80 .9975
S. D. 1.41 1.90 1.71 0.58 0.45
N 4 26 18 21 5
Hr 8.7 53.8 81.8 91.3 9.8
Funabashi 35°47'N X 39.00 20.25 10.56 7.16 — .9991
S. D. 1.15 1.50 0.70 0.62 -
N 4 4 18 19 -
Hr 8.3 20.5 69.2 59.4 0
Hakozaki 33°38'N X — 18.50 9.25 6.60 - 6.50 .9980
S. D. - 1.87 .71 9.52 0.71
N - 6 8 10 2
Hr 0 31.8 80.8 90.0 13.3

% . Average, S.D. ! Standard deviation,

N : Number of samples, Hr : Hatching rate, percentage
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- — Funabashi D(1-150)=1067 r=.9991 y FIBE TOUREA B # Rk Ui L
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Ed e Wik o 72, WEERL
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mE L EFEE (1 WA toBFRsX3IcRT, 22T, FELiks, 18C, 20T
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LAHBES RS r 13, 0.9975~0.9991 L FEHICEH W (EK 1), RE L2 AIIH14.8C, FHEEREITY
105.5 HETH 5, BUREMRICIE, HIBMEEREEIC L2233 LA &%, o ERLI Mt L
DERRERY 5 TWDH, ZFOMEICIIHEMICEERELZIIZD LML -7z (IR, WK, #1E,
DRI, t=0.427, 0.543, 0.627, d.f. =3, P>0.5),

VELOCITY OF DEVELOPMENT (1/Day)

TEMPERATURE (°C)
3 INREEELIBE L HBEER

Fig. 3  Relationship between temperature and the developmental

velocity in egg stage.

Bl2, Alcknid, 5A6 BICEFZNTIHOIM AL, 17~230TH N, SRFOREIGN
EBRER)LLHET S &, ZHIIFEHRIEBI.5~22.1TCICHHLT 2 (X3, Funabashi D(t—14.8)
=107.2), L7 L, ZOBHOME TORNDTFEHRIRIZHIT.FC TH DD, 2134428 B0 IPRA
MALEET S, ZOFHRIESZCEIBPHBEHOEI, (1) EFLo AUTOXRIRDEZER,
(2) WOREH»BERNDHAIRICKIEL Twd I itk bbntfbns,

X4, Al SEICBITA1975%5 AIIHOREBEDAZELEZRL LN TH DY, HERIR21.6T
RERIRIL.TC, FHRIBI60CTH L, HMICTFHRIBLEE oS tnELEZ L, K4,
ADFHREAZOHOEMRGE L X5, L L, FHk (1975) LML Tws k)i, RFX o
DIToIRETIE, WIEREZELEIVEZOTH L5, REL O H (14.8C) LIToOREL, 14.8
CIRFELWEALTIENTESL, §5LAMEHTIRIIZI6.8CELYN, AhRRIIN4, B OF
W E 25, HiowERIZALZY DL v, HEIRENICERIC Z.ufi'ﬁfr WHHET 5 (FA, 1953)
XL, W4, COLIICHEERNDRELED, AMEELECL T30l bN 2,

I oNF Apis mellifera TlZ, BERNIBEDT CHLFAERES A% 5 2L (Wieson, 1971), BIHA B iz
EbhHTEREL T3 (cf. Jav, 1963; Fukupa and Sakacawmi, 1968), —=2/L~+3F Bombus po-
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laris (Ricuarp, 1973), B. vos-
nesenskii (Heinricu, 1974), X
Z R s3F Vespa crabro (IsHAY

and RurTneRr, 1971), V. sim-
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30

20

el s 1980), 7 v 2 X A 35 Vespula
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. P o 5£§T ': E PR STEINER, 1930), ARFE|Z BT
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Al
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2272 (C)DEMRIIMERMM, 0 -point IRF ) %15 402 F
o HLCIEALEID b GRS AR B (xosenous heat) 352 FIH
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Fig. 4 Fluctuation of air temperature (solid and dotted lines), YHEBHLND,

average temperature (Av.), effective average temperature (E. ~ .
Av.), and effective accumulative temperature (shaded area)on IHIEXL T, SRR a%
11 May 1975 at Funabashi, Chiba Pref. The solid line in (C) is biz, RED & ) 7o HAL 7 RIS

a hypothetical curve. 0-point: Developmental zero. See text . =
+ o) =1t} " 7\'
for further explanation. Air temperature was taken by the BRI TRBNTEL . &

Section of Air Conservation of Funabashi Municipal Office. EHOBAB D T,
ML IREICECKTT S
ZEH Do T EH (R, 1975), KD L HIcHhBRITEENICEELEL T T, BHICEEZ AN
BIENTELNLOTIE, BMBEICL->TEZLNIENEIRIVERLBERTHLEEZ L1,
Y, MOBAKTE, ZOBBBICEEL Twdd (K2, B), ZiigwtEsrr LN i
(B A2 PLEEL 72010, RUOHBIIIHL T, ERENE2EDPTLRLHDTHLEBEDNS,
WO Z 0 & 9 R ZEEEZ, 79T > F 4 3F Polistes jadwigae TLHEE T 5(Yo-
SHIKAWA, 1962), L22L, ZHUIHICHEBRYBHINHRICELZ L) S 5250w ) 2 ETIRY
W, KT, BPOBRICHEEESFLNEC, ZORIEAKRE (L > T ZEPHILNA T
5 (8%, REK), 2F), RUOE X% > 2 5 HEKIE, HoREMIcAL 0L &N, HHERE
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TR, ITHAR X AR, EAICIZEEICLYVREIN TS b, R ELE
WHIEIZ 2N T, HH7HTHRETE2LN TH B,
AN I =—DERFITE > TS, HMEEN»RLERLIHHTH Y (Yosnikawa, 1954 ; M-
vyano, 1980), ZDBsHi# #HLh BB T A L3, 20 —DEHFHRTEDOHILHICEETH S,
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BT, BYIDNBOREMERES»MSH2ICE (K2, B), ZJHIFHHMEHEYLEMHET 5
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WIEBRTICERLZ2L0E TR, 4 AT 65 A EaICEI N0 B, FHT16.48 &
21.8HTHY, S5HUENETH -7 (1=8.28, d.f. =19, P<0.001, 58, RFEXK), A& o) B g
BB L7 DEEFRIINL02%TH ), KEERY (VOB EXEOTr S5 RMOH L L -
BN E TOMM) DFNIZH0.55% TH L DT (Mivano, 198007 — % L V&), IORTF
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Wz b,
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DREARIE, ZFEHiE & LICIZITEMBAICEA L, EREROEFRE TIZ, 18C, 20T, 25T, 30T,
5C TR oz, BCTRERICEREELZRI L Tvwsbn s Bbn, 18C~30C N
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Brood development in Polistes chinensis antennalis PErgz
L. Seasonal variation of duration of immature stages and an experiment on thermal
response of egg development
Shinya  Miyano
Development of immatures of a paper wasp, Polistes chinensis antennalis PErgz, was observed by
means of cell map method to know precise duration of each immature stage in the field. Moreover an
indoor experiment was made to determine the thermal property of developmental velocity in egg stage.
Duration of egg stage almost linearly decreased as the season progressed. Hatching was observed
under the temperatures of 18°C, 20°C, 25°C, 30°C and 35°C in the experiment, but the heat inhibition seemed
to take place already under 35°C. There was linear relationship between temperature and the developmen-
tal velocity(1/duration of egg stage ) in the temperature range from 18°C to 30°C. The developmental
zero was about 14.8°C and the effective accumulative temperature was 105.5day’C. There was no sta-
tistical significant difference in the thermal property among four local populations used in the experiment.
Duration of larval stage had a one-sided unimodal curve. It was especially noteworthy that larval dura-
tion of the first few individuals was very short, which seems to be arisen from the queen’s effort to pro-
duce the first workers as early as possible. Duration of cocoon stage decreased at first, then it almost
remained stationary.
From the above results the significance of nest site selection for brood development and the influence

of duration of immature stages upon colony survival probability during solitary stage were discussed.



