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Studies on the mating system in the giant hornet, Vespa mandarinia

Japonica Radoszkowski (Hymenoptera: Vespidae)

Masato Ono
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B1Em W i

ARXAAFE BBE : AXAA-FR) %, REBFEHOPTLELEERTSEREE S
IN—7D 10T, ZORRLAEFREILLES  OWEE QTR 2BV TE Tnd. KRo4k
HEZE « SAFEAYSHEAIIZE I o W TR BEIR B oD OFEM A HIZE b /s Sh, % < OFLCATRE O K
BN E Y, SESNEELRecER ST b0 0ob B (Edwards 1980, #4H - LR
1984). AAVH + 1R (1984) 2 Jhid, A,m SRr s 23O H Y, L OHAHE van der
Vecht (1957) H3ARF{OFECEDOHL &% X7/7a RO A EP LTS R, [/
ko 6 5 (M 1 A~F): F 4 2 XA _F (Vespa mandarinia), =I5 H% 2K A F (V. analis),
E YRR AP (V, crabro), F v A W AL A NF (V. dybowskii), FA v AKX R ANF (V. simil-
lima), & AR AAF (V. tropica) £ LC, WM EG RIS ZAHTL Ty < 7w 2 X
A3 (V. aﬁ”ﬂlS) OEH T HOEERERENR TS

/M}H%'C WY 2 RBAO MR G RIEA A A X A AF, ek bof@EmEh tXh, Bl
Bepic ¥ A EP IS L ARG RIZ X B T F o TSI O IR 2 b IR EL B s h, B
'Cfﬁ'ﬂ')i\( VIFIEE L OB S RSN Ty A TH S, EBIE LD T, IEETR

b b~ BB L, oA X 2 SFHEH L0 BATREER A OB B e 5. 8
TEETIARS NIl r b A XA AF BN CARICHSRN L RiEh D ym?fzw
s E, D fbothstk T 5 %mm%<wml%a\hmmawwxz>m%@&
A0 (Matsuura 1984), 3) #1X 4 AN B 2 ) 2 Wl oo e384 4 (W 1961, Matsuura
1984), 4) [RfEO AT 5 MEEROFES] (PR 1950, [MH 1961), 5) R (MHE 1961),
6) 1Bh& Wk e < LM sl (M 1961), 7) & HilenFBo I EE b > GEIL 1978, %
M 1980, ¥kl 1983), 8) HILEFTO I TR (Matsuura 1984, Ono et al. 1985) MR3E1F
s, PLEOfTINE Wb, Fd 2 vmﬁ&wﬁwiwmﬁwma%m¢:&ﬁﬁ%éﬁ
(SRR /s LMD & 3 AT 2 & O VEFNZ IR (0 & 22 0 ST I 58 5 B 2 Tl 28
w.%nk%thgﬁ,<wmhM¢5@miOmeudu%51%WL;9,$@wmm
TR 2FO 7 = m T IC L WMénTw Liffish s Ecd@ad hshTrniinr ol IR
CHFUC B 2T Th, AX AT R LT & o BRERT mLign Th i <, M
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B 1 RAEORPERA XA ST (Vesa) 6

. A AKX A S V. mandarinia japonica Radoszkowski, 1857,

. aHE AXARF V., analis insularis Dalla Torre, 1894,

AR A AT V. crabro flavofasciata Cameron, 1903,

F YA 1 AKX AT V. dybowskii André, 1884,

XA AR AT V. simillima xanthoptera Cameron, 1903,

. L RARAX AT V. tropica pulchra Buysson, 1905.

PEETCE 27 = v €%, Ishay et al. (1965) 12 & Y FEFENRMEEE R, Tkan e @l (1969) i
IV KEMEOTEE D B - DBES Wi V. orientalis TS (6-n-hexadecalactone) &, &
VAR ARF DML T = v T v (cis-9-pentacosen, Veith and Koeniger 1978), 7 = »n &
(2-methyl-3-butene~2-01, Veith et al. 1984) 3 #llz 3 & /1.

ZO XY BBk LB, I v AT (B, v 30 VAT Apis mellifera) Tk, Butler

HEUOW P
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et al. (1959) 12 X v M (9-oxodec-trans-2-enoic acid) HSCEMOTHIE ShiH & TLA
qe, B LD, &R% AT ST 5720, BMMEEIELRMT 5720, T
WEREED B0, bD VRO EDRMITY b Elt7=ver LTHHBSh T
a‘k%HWLT%J%nBOkaMﬁwnW~®Mm#&ﬁéth%%@éA% (Free
1987). SV AF DT x v VIFEOMSE, O BRGRTHRE L LTEEE b, T MEF
FENRTERBRELSZENLL I BT S, LL, AAXAAFREICS S YA AF LR #
MEWchiedlfirh s 4 7DaIzal—vagvyRan=—K, biviEzar=—HIFEL
TWAHWEEEZNT, ERbiclbabWE L zofhlzhits s X, kR0
W%M%ﬁélo@mnabf ER LB ODH B L ThHD

—J7, ARAAF, IVAFICREShHEREMAFE e LTEENERLFRESL
LYEMmikE oML TS “MEi ilihsg s v—7) oitatkro b ooz 550
g2y, Hamilton (1964) iz X D AEHREE (inclusive fitness) & v 5 HEASHEH &, duimiken
(kin selection theory) ©% D3E{L & I LIcMHBESERGERAH0 THF S hTLBE, SulicZEL
T AT TBEE (&2l 2k; Wilson, 1975) oo Bnlmilgesihl & LT, A XA AFEBHYEE R
Uoo&%.ﬁﬂ,Zz%NTﬁmﬁ?ﬁ&&ﬁﬁDMW& b OFHO SRR
BEROBIE, EEGCE L. L LR, TR EG OMIE L W5 DT
RERTF—<2POIEE LTV B ), ThbOMEHABITHERHL T2 LBEbhail
SRR 0 T DY i"j@nf‘fmum b"Cm, g 12 RIS v (Wilson 1971, 1975, Blum 1981, Akre
1982, Brian, 1983). fFMiEfESIc BT, BLEMED DR EPEPD B RE &2 5 MIGE &

éﬁﬁﬁﬁﬁﬁmﬂﬁﬁﬁkﬁbh%@ﬂw~ﬁ4/mm%fim<,%0@%®%o
TWBEMETZ FRPET 2 RRICEBEL NP TEH 65 (Hamilton 1964, Dawkins 1976).
FORMITII T, BARMKE LY L OBEBETETREBAESEFIOE b0 EEL, &
WHDIEWIKT D EELLNDOT, WIREXED S &5 RITUSELTE Lk d. EHo
YRR IATRIO T, AN B b BB RD 2 O, h@ﬁﬁk&%ﬁmf RLﬁ B

TIRER OB 14375 X 5 i Bk VIS TITEN I £ { 8 b Ty % (von Frish 1965,
Matthews and Matthews 1978, Pianka 1978, Eickwort and Ginsberg 1980, Seeley 1985), #
2, HIER LB 5O DB LR A VERENE I U RABTRE, FROMERICERN
AR 2T LT, M TR Y A F LARFFAL v & TH D (Emlen and Oring
1977, Thorphill and Alcock 1983), 2N & D 2 = XA LA E BT 2 2 & RTHIA RN R
DRBEEBEAL LTRVEELHADO LIS k).

AW, FETC LT 5 LS F O P CREMLOERIHILLIC S B4 F A XA 5
DEARITEIO & 2 7 b & FTHA BRI Y #6&9&@%%@?&% Lmbaﬁ%,ﬁ%wﬁ
S FHHOPIER I B TR ENTZ LD 7%, BTN U ToMSEaicH j‘%ﬂﬂnm
B2 RZENE T 20cER, THZOLOEIHL TS BEEERLIBTT s bk
ReLic. Thbb, APFETCRAAAXAAFERKHELT, zx}wiMTm$<E%aé
NTWIERBAHO Y Y — Y — 2 3 ERICSVWTREL, TR OEECHEGHER >V T
%fWLOO,%fﬁﬁ%@%@@ﬁ@wmmvﬁmbt

AT, ETEIECECT, ok d5d ) 0 E0RMTEIEZ KL, o
BeRBEE, Mo B SR EoBMERT 5. DBOFETHE, BIMTILSMyE
HTEHIER ORI LiF5. Thbb, H4%ETE, RETHOY Y —F—Lind 2K
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R CENBEE A7 v iv v ey) OFEQCEN LWEHER (25725 0%
S & o fhil) OEBEMIC oW CRICTREN TR LiiRe, H53 T, H43ET
Ao PICENTRBITHO Y Y = — & R 2 BEREEAA b T, W CIT - e FBTEo o
Sab—va VEROBREERS. BRBICE6ICB T, BBTTE HIf 3 BE O
BRIV TEREL, 44 AKX AF0 Mating system DR % BIET 5

AMLEE DY, FEHOBELIEOTF — <L LTANEDE T 252 TTsY, &
Bliz u#ff’%l VN TE T AR AL R B — R I e 3 U AL E L b i 5. (- 1400
il o TTHRE E W) o T RSB SE R A 28 10 % B, th AR T B v e I v 2R
TR BT A RS, R AORIEC SIS, RS R RS ekgdgic L, B
RBBMOBERT B, Fle, A¥I Y ASAFRETIIEETH R UER, R RS s i i
FEARIC I, MIAREFRE THE LW ES o7, CTRECRHP LTS, dd ALk A5
D ¥ A FEAW O FRRIR S o PR TR MO E R K b, KI e (Natural History) C.
R Vardy & (4 ¥ Y 2), 745 vERE A C. van Achterberg i+ (5 4, Sk
DESRE ETHADEEER S e, MER GEARRRRT), AKEY GEARRTEARL,
T (RBARREARTT), HAREZ GRETHITET), MBE—F (BIF AR T, TBRME ALk m

1), —IZELAE (TR OFK, WOUCHLSENIZERT 05 RFeH) M@t <uv
=T HEREM Mardan G (= L— V7)) HLTHRBHOT 2R 5.

B2E MMBLUAE

1. HEFEETFAX A NFOSERHUE

AA AKX SF % Smith (1852) 23 [T T L o4
A CRBET AT, B 2) i3 %, Vespa mandarinia
EMmABENT. FO%, AHIZE 3 A~EIWR LUK 5 T
A Bivie. BAREAF R X 2 AT QLI 2T,
LR (1982) it “fEsk latilineata Cameron, 1903 »3did
NTE7H, Vespa japonica Radoszkowski, 1857 o J5
PO TIREA & LT japonica & ER T 5 0N R
YTHB" LTS, LALAKD, V.m latilineata
L V.m. japonica % ¥ ) = ik B sEILL
BYAHRTD o7, AR, WFgekikie Lt Ii!?iiiéﬁ'j‘
ARFARFOGFEHUBEEPOPT B0, 5 v
FOTAFVEBRBME CHAEWE LI L Z 5,
van der Vecht 8%z X v, Vespa mandarinia japonica
Radoszkowski & SR T BZ M4 h o7, Sbie, & v
DAL van der Vecht {425 1959 SEDERITIcii L 2 AAAZAAFOY A TR
7z V. m. latilineata Cameron #Fi 0y /) = Ak Bk (R RETTIHD
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S

B3 A4RXAAFOSHER (T4 F B RRTRHIETHT
V. mandarinia mandarinia Smith, 1852,

V. m. japonica Radoszkowski, 1857.

V. m. nobilis Sonan, 1929.

V. m. soror Buysson, 1905.

V. m. magnifica Smith. 1852,

mOowp

TSR BN Tz (F4). 2k, IR japonica b latilineata 133 ) =X THH LTS

van der Vecht #iZ 0 B EFRT 0L vwx s, —JF, HEEAS XX AF (FAERE: V.nm
mandarinia) & QARBEA A A K F SF (V. m. japonica) b OTFHEFRFHEMICH LTk, Radosz
kowski 2 i 3% & S 7o 4238 O FEAR O IR Motschulsky 43 Radoszkowski & o e LT, B
o Etudes Entomologiques IZ 1Bk L Twv 5. Zhic T, AARMEA A XX AAF i, Smith
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PP . O i B

Latilinedlo Cam,
"93

&3,
Lo

ey ¥4, eoen, i(f‘}ﬁ{

s oA EY e

4 Vespa mandarinia latilineata Cameron, 1903 & V. m. japonica Radoszkowski,
1857. v /= b E BT I S0 (T4 F o BRI

(1852) DETE L /e PEPEA A AL 2 SF L XL PT0 2 L LML, B LV REL, e (E

A Mﬁmﬁ%aﬁﬁlmmmﬁﬁ,wﬁi i CHRABE DB IR LIS SFEL, R
b, A THAMICRADSY FEFL, BERAB» - THY, AiRikiERa, ikl
BE) bR STHBHE LTS,

#ry Cameron (1903) 12 & ¥ 8k & Nz Vespa mandarinia latilineata & Radoszkowski
(1857) @ V. m. japonica PIRIC BARTEMLEE BRI SR IBEATHL - L EEE TN
1, WifEix v =k 5 van der Vecht 8o BB HHEh T vEe#ELS. #£,T, B
HEA A A X R A F O ZERE GA R, & ichd S hiz japonica RIS & LT
Y, Vespa mandarinia japonica Radoszkowski, 1857 L+ am R L#E 2 6, KT
EEOBRLARFEB L.

2. FARXANFOEFROMER
FAALAAF (W5 A~F) BHARORG LOBRLEERERE I TWS, 20D
SWEPRITEIZIT O BRIz, Iv A AFoan=—R4HTHIELERSELBELL 2720 TH
% ([ 1956). Aﬁmmm e LT, S0EHOM & 25 3 HMﬁzm%~%Mmﬁ®h49
Y IV AR R, T ORBERIEIREI Lz & v o #EN D 5 (Matsuura and Sakagami
1978).  [RIEROHFIBORIE, FFTHEA X 2 AF B o WA LT IiTh i, AU ERA TR AL
@J*f@z;’jiL{\Le_ 55 (Matsuura 1984). 733, fBOAXAASFOIVAF Oz v =—~O KL
BRI IS DT, Z0X 5 MBI A 4 2 XA S S HEF R Th 5.
ARLOHETER OWIRZALOWHTE D A X A ASFHHLFRET, VEEOREEE. Fabbio
BIEREE, 5 AWANCIEA R x fe 1O LT (BIERMD 12 X D G S 5. LTpidEoRkic
LRLTEY, WD, B2 52T o i P2 bh T 5. ﬁ~%ﬁkbfd
R ONARARDIEN ¥ OBBZEMS T ENS. AR BT R B LA AL
MG MR T3 ORI, KEN L MS ket csd 5 m,#%mdm%%&%éf
HEMOMELETEE TS, bbb, MEGEoIBRR LTS EINE, HskEroiod
TOEHEEZT b2 (DR, ZORFIIRICH 5 Mtk s — 2 PIcBY 55 ROMLH, 28
— A IEEL, WS EOBAMER & U Tk kD 9~10 A T o BRI E 4
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5 PREOMSE Uik d AXAAF
A, Mol FRICH Y S hict, B MMELCREEIT 50 F i i;’:iikb’fw
il FHEECHLCh R ERR RS, Co sk ol Ske
ek oA, SHORRO BRI, D fildscEds B opimean G )JJVP'L‘
BIATNS), Fooa 80 3y AF~ofiflwgg

B UG & B EM R T B ICED (I — 2 MIEIHD. = e =itk 5T vy
DD b BEE L 755 O BAER ORI b 725 ZOWHTH D, RO S MBS
1B 27— 7 kBT T S F B E U0 % XA S FHUZH LTI D (15

F). e & HraEdeo bt s 10 A msic i L E o ﬁio%,ﬂw:~U”£@““z

Wb, ARBHOFDIZE T, BT 5 HREN L BMOEDc i E 2 ik L 0T, Eip
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MR AT G, Ot Bk LIE KRR b s 21T ) BB E TORCGEALIRIAS.

AW E LT IoA 4 2 X A AT, RERO AT —Y0EwiRESHTHT bRk
ARAOCES (WRESIO MBI, SO AR, Y — 2 EEH O fIRE &
W), Xt M, BIOKEI—R POSGBREETH Y, FREREROBBICET THRL
Te.

3. EETEHOHIMIZ

I A KR AFORERMEENGR O RIS S Rz o, [AE Q%) Iz kv EiRshiz
BOARMEOBAETH D, 20K, Hil(1968) HARRMO A4 A X 2 AF ORMOMEIC L, B
ORI 100 SHE A D HEENEEE D, MR T AWAEREZRET S L v mEE L. Lk
LD, & ORTHOMHZREZ A E SR T3 LRV TRMO AL E . 22
T, 1983~1986 4E0 4 4ERHIC, R IRONERISAINT, HOTHNT H TEARGRNT, FIENRAEILT, fEA
Vs RE, FREABERITICB T, A4 2R 2 AAF OB H 725 10 A har s 11 B
MCATEO K (B3 10 3) ORI CRMBITEIE M Le. JESEE & LT, Beo kg, 5
SRR IR, ARG, ZRIT &AM & Ol RO REE DRI £ & Lie. T
GO RMB X UEERS L L, 1984 E0ARIRRIT oA TE, vytva—4
—tF—P o= =L L.

MM D BRI A EHIE R IR B e DICBRNTT 7 8T 7 B, ThiZDvTiRAH T
BB (B 438 2 Wi D).

4. HHORE L EWIRE

1) #HORE

ML LicA A 2 X2 AFOfiEie, Hid, $ikEdY, 1982~1987 40 6 4RI AUHNT H
W, AR, REPUBET, FRFOURES, ARARRIERT, FREATRES IR
IRMCHRMcRE T Lic kD, v =—@fERE L RICT 7. P2 bI i Lic=
BB T E B ISTRER L b — 2 PSS, FRERIO AT v A RO HEHE (30X 30X 30 cm)
IS Ule, Z I 2Tl S Y A F OB T L el b v fe e, o fewic g
HURFHEOMD 5 (2 F AR ANF, BVRAXAAF, Fyf BARANAF, %A a2
RARF, b ARAXRANF) EAT, FFEEN T 1982~1986 4Eiz i) TR s ez v = —

A RS NIRIER, A4 A XA AFOEA L RS — A N BICRSEN CEF Lz, if
& LTHY 20% ORbIIK & TE S5 2 7.
2) HE4pieTE

(1) AT =mzv
A A AR A AF O M 4,000 B, HEME 500 B,  BiATE 300 BiE A GG L, IR
— IR E Lie. Fh b0, &M 3,000 5 Gk 400 58, $rEEK 200 B ohks D=
N T LG 24 IGRE P Lo S I v e, Y Ry L (1983) o kit
vy, s T 24 BRIHBRGERI Ueth, 2o R Sxgov s — TV CREBRICII L, K61
SR FRTHE L. WY v S ASHCEEE Tml M ) ISR LB oA e S s ok
BIEL, FhE 1 RAAAFYEE L (1 E: Hornet Equivalent) & 355k Lz,
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[ A RXASF 02— 5 Mt |

[ 5% HC1% 7
|
A M I—F Al
10%NaOH & ‘
T 5 BRI 5%NaHCO: % ¥
S
k4 E 7 A

18% ik &
I T L B R
Rt ||

Ak H

5%NaOH % ¥in

1823 &
Z-FNEEm

ELETra

6 AAAXAARF Oz —F VRO WA O S3EL E PR L o4

BEI%EMY, IR 2 a0 /NBE (M- 45m, FRmH 9.6m? HE 39m Ny ofT
ole ETHEYRET DY 0 HE 25y F7v— M ETH80C it L7 v 3o m
(HZ120emX & 1.0em) K AR TRIL & E7o. FREIMBHRICIED TH SBT3 &
5z L, FO%HK30 5ot 25 HOE ¥/l S280E 1983 & 1984 O FH4EIZT
v, T OWRBBA R IcA A A X2 AFOLERPEREDEHBT 5 6 Arbar=—n
WEEARET % 12 Ao & Lre. & &1 Uictk, SEB O FITIC Ak Uz @ik & 358 ik
EHIEL, fliBE T L.

HEV vV REREENIRFEE LMDz, Bl M SAEhokatl, B
@, B, pRRE 100 A E R HRE L, Y=gz —F 0 GREME L, 8RR
Beliz. Eie, AFHEOMSTED AR A NFIR (2 HFAXANF, BUAXARF, Frfn
ARANRF, FARAXAAF, A ARXAAF) O M4 100 By 0 = — 7 M % Rk
IR L, EOHEET7 = v & koL <.

(2) Pyawer

U T & I S R BRI L, B & LR SO 2 BORRAHER Tz &
B, FIREMICH — A MERM BT = v BV OFESBORBS Wi, ThEERAT 29
o OEBERB I o7,

W, W WAEREEL 4XSem Db =—VRORIZEEL, Thibobhrid
10~20 BHOMERICRB U i AN TH 5 30em 2 H 07 2 Y MO F 2 FMiic Ak, ko
TWEBER L (&7 A, B). 7 =mErElEomsix, SRE27 2 Ml Ths 24
PRI iE & Ic e 0TI E b » THREL, ZRTHOFE RREBEZHT): ++, fifewer R
OREFRICHBITTS  +, Bl —0 3B TRR L, BN, 280, % — 2
FRERBIOLERIC OV T, RS BEE LI AR T B OIS Y A A S TEE L
M oleied, Btk —20°C FolfBRFEL, WeoMBMEF 7. RET BT, L
T G OEEREWHIERN 10°C) TMIL, & 5HIEE (25°C) 10 g Ty e Bic e L.
B, TOBRCEFESGRED S &GO U @i Xk, A SRS REwicing k.

7 = e U PEESHBEFRRC O\, HiEoRash, e, Baim Rl
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BT #WikEic SRAEY = v O TEEO RS
A ALY = — A BRI BIE S e &G, BTk ik
B. $iESE T I RRITREEL T T A MER O

B {5V Y

D—5 1 — NaOHRafl  #ide Tl s
LTV e R K AR

A & 3 7 =7 .
D KDy (Eyela cool, EC-50)

(N#IE—30°Cn A 9 / —)

8§ AFAXAAFOWNY muweroffifilcfniza—V LS v

EIRET = v ORA LEBOBRETHIL, Fhbo2AX2AF0OF I~ 0B L CTHEED
BEAEMET D L CdE L.

Eiz, M7= ww 2l - T 500, KO3 OOFEEREM L. o) B X5k
O FERE LYY 10ml OV =z —Fh b ik ne~F P vic THEL, 7
ﬂ%lmZK%%Lk.wn~waiy72@8K%Lk%ﬁ?%7mm%V@W%&%ﬁk
P Edkk 60 BH v, 48 ME Lz, T o PONEEE Vg —F L THECERD,
IABERE T MY U LA TKGERE L. i, PRESEEANILS T AFERONEL SoFLx
=T TECIRD, REMICMA . O MERBONBEORE: IRy —E 2g FoANRE
ZEA7 I A (B 200ml) 10 NI L ENE 44 10BHANR 3 BRIILIE Lie. 20, Wik
EWOHLAEE 10ml Y Frm—F G 2 3EIHECELY £ OEiE &b ¥ T 50ml I
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Lic, Zhik, R6DRCHEL 4k Bi. £ v NOEMREREIELFECTH 5.
7 o ow e L OFRMIZEETEM: & < B BT, SO LTS R = — VORI ERE L,
IHEBEROMEER AN TH 27 A Mk Wi, HEGEOFT 2850 %
(8) ZRRFTHD Y Y —¥— & i 2R EER

ROIR LI AR ANFORFVEERL, Tht TSP LTy = e
VEHAADET, BRAMO Y Y —Y— LR 5 WIRAEE 2R L. ERIC Vi E %
DGR T F 7 50%, =FNTA— NPT —F T EEEL, WY =T oEERSe
I 5T B Z LR (EoTiic b bl b Sy Lol SEDNK
BREEO TR ERLTH S,

B9 HEEOZRBITHOY Y — V- L HHEEE
PRBI DN AL ASNFOF L —

50cm

70cm

L~

10 A4 AXA AT OB Y L o v— g LI W AT
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5. BMBITEIOYEaL—Yay

MO FRTITFbN S 44 A X A AFOEMITIE, B 10 1R L AT E B v TABMISE
TEEBRTEERA. Thbb, WACHEBLILIOEENT, AARZAAFOME, M
e, WikEMO = —F Ui R SIS & TR M S wict, MY » itk DAY
Lic G S U43). MMM+ 2 AXARFO S I —2HEL, BB S TS 241k
YR E NIRRT T B A~ 2. S, 1985~1987 40 11~12 3 Rl B )1 k5
PSR SR T IR L Te.

PRI ORI, MAEFTCE oI5,

BITE BB IEBITH

1983 £En G 1986 4EIC T C, A A A X A A F OREBATHI & B RUHNT AR BT, AEA ISR
Wids & OEIREABERNT, 65 ORI EIriT g L.

B LTeA A A X A AF ORI L ARORNIC A SN b 0T, RPRDCREE RS
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T4 OUEES M R L, BT o A2 L v D 14858 Engels and Engels (1984)
Lo Th&EnTnas,

BT, OB AMIRF — 28BN TEBLTHMAROER LD LV 58, $<4D
HEWAFFORLEBRBIFRERKE LTOMNBREEIFA AL AAFLan=—F A s VE
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HERAIE T e T B a b AF, SLICRFIED =4 A ~Y F v, BEEFahs o
JA T END LS FHEORESED SN AHETEHTERCEEL LY.

3. T =0T OBMEKTERME L ETEIREEEE

FENEFEBRIC B W TEE S R FFEA XA AF B 6 OP L BT = v & v OFER

#Wﬁ Lie (7). &bk ito#d bR E L LALMCELTE, 207 xw
Rz RS S A L bbb LT (K8 K22 A~F).

Hﬁ’ﬂﬁi’(’w DN = v B iRm0 D 5 SNV — 7L LT, Y ASFE (Apis)
SFENRMEN TS, FRICEENRD v 830 IV F (A mellifera), b7 3w V9 (A
cerana), = XY 3T (A, florea), A A 2V 3F (A, dorsata) O LFEO KER»P b7 = v E v
DERSTD 1 2Ch D 9-oxodec~trans-2-enoic acid AIHE L-CBHIZE &N, +0MEHHEES 4§
O U TEBIENE A Lo b b L IR &R T v B (Butler e al. 1967, Shearer et al.
1970, Sannasi and Rajulu 1971), & =% 2 w350 fhho 3R & BTN ST 5 0w, il
75 LIS 75 S T B (Ruttner and Maul 1983). [k 3 Fo> ARG S IC o\ T,
Koeniger and Wijayagunasekera (1976) ix 2 U 5 > b i 38 v Tl O FEHSIRIT O gl & 3 -<, %
NAREERNIC TR w5 2 2 &R Uz, AR £ Holldobler (1976) Iz X Y v =0 %
77V CHLIESN TS, Thb b, Pogonomyrmer JBIZE N 5 RFHED 4 1 (P. barbatus,
P. desertorum, P. maricopa, P. rugosusy OFETATRE— B TbhTh, £ O R RS
EERTw5. S6i, ZREFORY, ARECHNT 2HMEFRNL 7 = e v OFEL LY
PR ORI ILEN T B EEZX BN TS

FAHE A K A AR B0 AERENEE L L Ono and Sasaki (1987) 1%, D 2 0% # 12 T 5.

1) AFAZXAAF OFRGPE T = v e

A A AR AN F DL, WRMOBNIC S SEHUHD  — A N B IME R Ty SRS

E7ewEe k) FIROHSEIBOM Y B CERT DI, REROW TSR OLE
ﬂ‘ EHE Y BERBY ThhvwiELLND,

2) PricEGO PO TR

Matsuura (1984) iz I uiE, HARMER XA AF uoﬁwyﬁywww%ﬁ By, exxX
ARAFO AP EEFIL, TUALXAAF ARG, 2 HZAXASF 10 G, A AL
ARF 10 A ~H4, A A XA A 1L AR~ a L &R TR Y, Mg b 50T
DEHEEIPIZ L2 Fh w5

RO 2 LA AFJE 6 ﬂi_@fiﬂi 1O il M LRI RAT IR Z B A S h b 5 2L
b BB AR S EE L T B LBDRD R, A A R X ANRF LSO BTN
ﬂaﬁ&@&@%iﬁab&m<ﬂhmUW3WML%GKM&WTEKVkV)@#I%t%
5. WAZB 548 A XA AFORMBITIICBET 5 B PSR o s & bHB.

4, FA A ANFO Mating system D458

B S~ IO BRETEN BT 5 Wb B A i L < in {, BFHhe 7 =
wE LRSI b ORI E A Y o 7?%%}ﬂ?%%@22}ﬂ”%umgcui
i, Batra (1980) I k W B v A A A 390 Vil (V. crabro germana) CHELTMICHE T = v
Y OFFIET 5 WREEP TSP B RREN Ty B0 Th 5.
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~J5, T Y FHAF O LR (Polistes fuscatus) TIXEBITH & = OHIMERIC >V THR S
SRR PHER L T 5D, P fuscatus A A A XA _F LR C 2 X 2 A" F5 (Vespidae) 128
h, FOEMBITIIOUFEREITIZ 5 D 7 2 U @ Post and Jeanne (1983, 1984a, 1984b, 1985)
I o Thhw bR, Post and Jeanne (1983) 13 P. fuscatus OIFEHERICHE T « v & U BEET

BLEEWLPRL, ~FFUTEhERBTS LML, E0H, ToWT=rE
¥ P. fuscatus & [BIFTEIC 5570+ % P. exclamans, Vespula maculifrons O 7 = v 5% v L 45558
Db L bHB LR, ETRENOFENBHEOBMICESL BRI T = v & R BRI
W5 2 L CRBRREHLEL TvwB L LTV % (Post and Jeanne 1984a). & 5 12 Post and
Jeanne (1984b) 1% P. fuscatus O FBITHHOMFER & LT, PERDILFHER DM, 60N L

o e RFERBERIC OV T HRET Lie. 2 0fER, e & BREO KBS B 0B BHMTH) & RO
%ﬁﬂ}* BIESEI L, ZhictE7 = v iib 3 a%)ﬁﬁ@m%?‘éé NoZ EBPIE L. B
%, P fuscatus DEMEITEIC B VT, BHEEHET SR D 2 AL L Ty 211, 3%
& B ORI EIE A & 72 5 T, mBEHE (15om LJJ:) PBEML, W TR S
LALEENBEETH BT = v BTN BB, X 5T 5 A& e ot s HERN 7
= REVT M ERMLTRRAHERI T EHH LTS, 0% Post and Jeanne (1985)
&, “BhEiE” OMTEHRPICbMET v B UTEERSH BT L EIRL, Y = v ® BB RERER
b O TREVCZ EEHLME Uiz, P23 Post and Jednne 12 X W ER&E iz P fuscatus 0
EEFTHO V) Y — Y — it 5 P50 BE C¢H 5.

AWIEIE BTG PIC ENTed 4 X X2 AF OEMBFTEIZ HI# L <5 BER 2 18 L TR
RTNTR 28, 20 DI Y TH B, ETENEREII OWT, T = v e IR TS

< A7 zpmE
G 7z

Loaoa—2WEd 3384 —~2 Fdsa
WENBWET 20T 128 ) 2RO
UM BT s,

. R T 20T L 29W L Ty
Mfrxl*“' L RFMERE S,

P TR - (A
KA AL ARG Ty
Heon it

B 28 AFAXAASFORMTHE TS 257 = v okl
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L 2R
* BT 2o FORM S, 7 — 2 IR
*E7zmE s MﬂLV@ﬂm(ﬁ VA2, W R I

WLSEIIZ AR B 155
ek \_ﬁ‘” + 2 5

TR SR
%757 —3_1:0)14\'%--%%‘)(/\“%?%5 2O (3 — 2 bdul, BRI 0E)
* WO RTINS 51T AoE s (34 — X b4, L)

B 29 Ad AR A AT ORFETEE M2 2 - EiER

THRE, RBOTVFHTAFBRLIVAFBEFKRTHL P, 7V T AFBIEEE & Ol
BERLEDOT7 2w it L VEEROL, £k VSRR GRS OBERTOBRE LTS
LIC X VAR I LT B Dl L, A4 2 X 2 AN 3 BT 0 B SEIER o 85— B G,
TR R BER 7 = v B i X Y FROREE S T 2 22 REFTE LTOROBWIHEEL, KKk
FERIRREEREIE LTy b B P 5 5. ik, 720020 TRAF AR A AFZBE
FTERRCAVONEERO A XA AF CHEATHRICERYTH Y 7)), 1—2 03?13’8\9@&:%252
ST & B é/}’b/’l.?ﬁ P. fuscatus CIEFa T LB EHOT I — A b b AHSh T34
R E AEA L v

Strambi (1985) i, MH BT AHLFEGR L HERDOIER AL A RFBTIREDTIT &Y
LTwBR, Ty FAFRCRMBE R CE LTS, B, IS s 2R Ll
EBRETDLVEHN, o7 T TARAFTCHEREINTWB D TH % (Fletcher and Ross 1985,
Suzuki 1985). X XA RFBIREEATEREZT Y7 crne e b0l & CEMD — 2 L L50h
— 2 MBRE DB L TS L5 HT ?/%ﬁﬁ?ﬁi)%é%k@&®ﬁﬁ%i@&%u
BLTWwDEEZDN LS.

AAARASNFCEME T v rPBa—VELS o 7L VB SN BEREOE VS L i
KED o THALRH RO 2 2 KNEh D Z E BN L o7 BE 4328, UG
B, BIEC XD RO ER BT AR E O~ A M EWAILEDS LB LD,

W BERIZ DWW TR, A A AXRARF TR F 7 F LOEKEORE L B0 ED T
FERZENEBE L E4EIE). AARAXAAFOL O ICH L CRBT AHCE, BMED
T%ﬁ%%m%mbhﬁ%ﬁﬁaku 7 = v ® UBRRET SRS ELORS. £)

TeEIRT, MEEAMET = v e L OFEEG TR 2 F 2 T EOKER bk, SbkkX
x%»%@W L7cpiz i R A RA» 5 &) BREBFEBRIRD Y 25 L2 B L T 5 AUk
2t B 2 LT B. Post and Jeanne (1984b) ik P. fuscatus DEMBFTEICBI LT, F0H0
BREHEREN Tz, L LERD, BAKHRCEY = v e v 2 B LA B0 5 % R1T
BHBFRENRIC—FT, 7V I T AFOEFVEENREBRAE L CLZOFPRIER I Ty
EPSEIT, TVTHAFRELTLIF 7 SOMEERBERE LRSS,

A A AX R ANF BT B E 5 7z Mating system PO IEHEE & BB ZIR L < IREISK Y A9
T DFAIRTRPEVRENTWDZ EREPA L. ZOHICDH » TEOR RO,
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MR A TBAGHMTIZ 3 5 3 2 TR LB L HER S N D MR CoRR L e h e HfT %
FRGRAEER 7 s v B VOB H B L ELD. SHICTOHEAT = v BV REBICITZRL
BB E i X - ChHEESR, Thick > TIiRE Th 2L EROLZREIREHD T b
&S S oAt FECEE R i, B — 2 N EEBEL — 2 M 3FRic b LT
BAXAAFFRICBT, WHEG L HAT M o TEBITEIC ST 5 & v 5 B ek
Lic &2 b s 5k, thatER B oFii4RE /5 Rl & CHRE .

BTE MW =

A A AR A RS Vespa mandarinia japonica Radoszkowski (BE#IH, A X A SFF) & Qe
Rfpk L, EHEESMEAFEE LTS CERBTE & T i R 5 BEROMAEIT 5 2.

I BB SEBITE

1. ARORSFEE, 1)ZRY Q0 s 11 J ) oRMRE~O ROl odes
L, 20D DEEET AP EN L TRMEE L OBRB L v O HIRE L TA U B 2 BT S h
o, HEM OO TRSIEREZNE O 15 30 4300 B 125 30 A LT v 7a s, BN N ORISR &
F#iLCwiz, 727 2275 78 eicERIC &Y, BRI B AER S 5 2 L’3bn Y,
Z b B~ O kg & o BHRSRIE & huie.

2. R LT LAESESEMICEA T RO oEToMicll ETirbhic. KRB
W b & B L o RERE 2m PARIC TR U O T, B 2SR o BN R I BTG T il
% bW E M R R VB S CTIIERIE & 7 o T MR AR D R & R O R
T x CHEEL, EADMMAE I L B LTI &S & 7o il o Sl O L o 5
WMENE EROERE R, BRBOBEAVREING L, HEREERABFCTLE T
&, SEEYATFGROBSE RIS 2 THE LABORROEARIT 2. £0%, HikElk
M O JEA T A W L KRBT Y M, SIS X VA S R R T Uik, WRKT
%, MEETTEORM R & RO Y $ie R T AT OB E 75 5 7o), RRBOFKLEWO K
I, FOEEROE . FOEMOTS G LGOI LB I N, ATk
B, TomFee LR LTRRAMEEI S o7k

3. Wik FEieoRRBEEORG LEE B S, Sg U 38 fith L fl 2 AR RBRD 6
Yo WTERE 1 ERRT S L, USROG ORRBORICK L, I E Nl g
BRI ETR Lie. R, P 19148 (0=25) Th -7z, Mk & P EORRBIOH
AR EN T SEMOBENC o 7otk 10 TR THRERS R O BT 2 I L C# Y 1D,
FEDFTEIC X D BEABEES hiz.

4. ZRJRBACT W O SHET OMERUS T RE, T 89,600:26,500 (n=39) T - 7z.

5. HEERIIEIT BT, BRI U TR RITHI L 2 3 BRI & Tro R B L
THELY, Thick VRN TOIRRZEAHIEESTws L RS he.
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1 g0z e Ry 7 v — P TRILS B Z LIk Y, 19834 L 1984 4E 0
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BY, BUBITEION 1 BERECH 2 WM ED ~ O D RA I, MBS oA+ s sl LT
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PERY, EOEEPS “BERET v LIEROREYEE R SN
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WEMEECH B Z LRGP o T

3. BT 2w B OEEE AAREORFTMA XA AFFE6H (A F X 2ARAAF, Ev2
AARF, FxARAXANF, FXARARXZIAF, FARARXRAAF ERAAXAAF) O
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MI7rznEY
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s T ER ORI E B Lic & 2 — 20 KB 2 BT 2 U, Wi e R 7t
T e W OIEERFEH & iz,

5. HEMEDZRATIN R METET 247 = v & L3 PUARIC A DE & N B HRIE O 15 R B C b B
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AXARFOYE, WRIMOKE S PMUFEOFLER L Ab Il OBAILIEE B 2 h 5 7274,
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s L7z,

F 0S5 ORmMEE
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WEBRHLTH, ThiEUCHGRZRITIERIS b o, b, My =rnerioil
LT AHAESROEEL T RCTRET S &, B3 ESOFZTEGICE L TR bLIR2R BT
BRIEP, 7505 FOREREECHL I EBHPF L. ¥, AXAAFOEROR
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ﬁW@KD%TW R L CH AR L, FRERBFHIOV Y —Y— & 5 B HERE
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FELEHTLLOTH T,

2. ATHANCHEO = —F VeSS Fie, HikElo § 2 —7120 & RPN
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A A AR A AFOEEITEIO RO M8, A EAEML O LRI H 5 B9 2178 LIS
LR E N B MMEANTORR L ENERIT SRR LER T = v e L OBHIDH D L v
25, SLRFOHRET = v TURERICERRLAWISKRIC: > TUAEESH, Thitks
THEE Th 2P ETFRORBRIREZ EDO T D v ) K o thatb FHIC R 2 R
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# 9% Summary

The mating behavior of the giant hornet, Vespa mandarinia japonica is described in detail
and the factors implicated in the reproductive strategy of the species are analysed from

ecological, behavioral, chemical and evolutionary aspects.

Description of mating behavior in field

1. The mating behavior of the hornet consisted of two sequential steps: (1) aggregation
of many males at the nest entrance, and (2) copulation by the attracted males with a new-
queen near the nest entrance.

2. Mating occurred between 09:30 and 12:30. The timing of the male aggregation and
the new-queen’s departure from the nest was well synchronized.

3. In fifty mating behavior observed near the nest entrance, most were accomplished on
the ground. The distance from the nest entrance to the actual mating site was rf;ainly
within 2m. The average duration of copulation was 194-4s (n=25). Multiple mating was
seldom observed.

4. No mating attempt between males and workers or. other males leaving the nest was

observed.
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Factors releasing mating behavior

Aggregation pheromone

5. An aggregation pheromone that was effective in attracting males was found in ether
extracts of bodies of all three castes, i.e. workers, new-queens and males. The active
component(s) moved into the strongly-acidic fraction in subsequent {ractionation.

6. It is particularly interesting that the sterile worker caste also have the male-attracting
pheromone. Workers are close genetic relatives of the new-qneen, so there is a strong
adaptive significance in workers “assisting” males to find the nest, and consequently new-
queens, by production of the aggregation pheromone.

7. The aggregation pheromone in workers was found only in V. mandarinia, and not in
the other five sympatric species V. analis, V. crabro, V. dybowskii, V. simillima, and V.
tropica in Japan.

Sex pheromone

8. Two new-queen specific sex pheromones which release the mating behavior of males
were extracted.

9. A volatile component of the sex pheromone was collected from live new-queens by
cold trapping. This volatile component did not release copulation, but is highly attractive
to males as shown by Y-tube olfactometer assay.

10. A contact, or short-range sex pheromone which releases male copulation in collabora-
tion with the physical stimulus later-mentioned was extracted from the new-queen body
surface. Both the volatile and contact pheromones had a strongly-acidic nature.

11. All six Japanese Vespa species were found to have sex pheromones by laboratory
assay using intact queens and ether extracts. In contrast to the aggregation pheromone,
clear interspecific pheromonal cross-activities was demonstrated between the six sympatric
species.

Cuticle surface structure

12. Hairs on the queen dorsal thorax played a crucial role in the final recognition of the
mate and in evoking the copulation attempts by males. The shape of queen abdomen was

also important in body orientation during the mating attempt by males.

Simulation of the mating behavior
13. In a field simulation using a simple artificial nest with two extracted pheromones and
a plastic model queen, 120 wild males were attracted and 91% of them attempted to copulate

with the model.

The most specific characteristic of the mating system in V. mandarinia japonica is the
phenomenon whereby workers enhance the mating chance of new-queens by production of
an aggregation pheromone. This kind of mating system has not been found previously and

it is very interesting from the behavioral-ecological aspect for social insects.
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