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Social Structure of Polistes japonicus (Hymenoptera: Vespidae):
With a Focus on Analysis of Dominant-Subordnate Interactions
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MR B iTae=—%2HAiEe L TCHEHEREZL(zr = — L0,
Ml — ORCTCEETLIBEOEET VYD &), 2 v =—NIZIX, EI%
T EMHFICRFTI2HEMBEERLIFEET S EFEEZ B 20,
FEEIWEBAENFELZWW T LV —TF L XBIFT 5720, MR RIX
LELEEHaMER RTINS, BERZEASHEORZMHIT (1)
HRoEHE, (2) XHEEF, (3) BHICHET 25 % TdhH 5 (Wilson,
1975). H tL & M X B # B Hymenoptera ® % < O fi & % # H
Isoptera TE LK BEL TCWVWDIN,ZOMIZF#EH Hemiptera & ¥ &
H Thysanoptera ® — ¥ O f TH H >0 o> TWb (F A, 1984; Aoki,
1987; Crespi, 1992). Z A b DO RNIZIE, T ¥ FANRNFOLRHITY
A= U= —PLEBEBHICXNT L2 &N AT, EHIZHE
ToOnENATRERIFEBRNELEMEE NS, IYARATFRT IO KD
74—V EREMICEI T2 ERTETHAMEL T A — T
ETFTTCEHIA—vUAETRZEERVVEREMSSEHEE TE £,
HaMoREOREIIH x ThH 2D (Jeanne, 2003).

EHEB R THEERRO I A —v T =5 — 1%, (1) & R2ADOR
e, (2) B oM, (3) EZH < > Txtz 3 % (Ratnieks
et al., 2006). AIH @ 2 D> O X 2 X, B A I H LD G KE
OMRERN (—FHREIA R, ZHFEERKETARZRD.U—T—1F
WHEIIRZRBEDY —FEHROAFRIPZEL Z LN TEDH) X Tl
2hH. VAR —RHRREOELE, V- —MhbAhTASAT DR
LU A= DO (DFE VT =D =k o THitk) Oom&EEIIZ, Th
zh1/2, 3l4 &b, — i, V— A —"bAHrLHEHSTEHEDOR T LY
A —=—VORF (DEVY =T —bRTHB) Om&EEIZX, 2z
12, 14 kb EORED, U—F —F 74— PR EETL L
CEWHAMICR s, BTOEWNICHLTIEHEBIAWT, BoOR



FTEELIET L. DFV, KEZDS D74 = U =0 —HO
HENAELD. £, EROT - —bHhr A4 —voOF oMk
LI A - OB ETASOFOMBEEEDEF, BE LWV A —
YOFOMEHENRY ==& o TE, 3:1 (B BEF) IZHDDIZ
L, 74—tk oTiX1:1&7% 0 (Trivers and Hare, 1976),
iz <> THL 74— U= —HOXNERAEALD. 3 2D0D
KN, 74— P EEBILZELTWDLE A, £RLITEIINGEH N
EwezsllhEArLRdnEBE b5 (Reeve, 1991). TN b DT —
~E, o, &Moo ELZ XL LELTIEFICEETHLY, £ 0D
e E oL E 5 & FE TS (e.g., Beekman et al., 2009;
Brunner and Heinze, 2009; Koedam et al., 2005; Ratnieks et al.,
2006; Tsuchida et al., 2003).

Fl, V= —MoOoOXFIZbHL. 2DF0, 74— DB R2o
PR TN ZM SN EKSs THINET D, RIS, UV—h—F»rd
MVWHEIZOWTHE, 74 - BRRLSRDIEO I ORI
9 % T 5 (Bourke, 1999; Shreeves and Field, 2002). 4+ % 17 @)
T, EWICAEAHEMICKEH ST 2/T7H TH Y (Cant and Field, 2001,
2005; Finkel and Holbrook, 2000; Heinsohn and Legge, 1999;
Nilsson, 2002; O’Donnell, 1998a; O’Donnell and Jeanne, 1995;
Williams et al., 2008), T OB FICHEBEHFOLXBEZZ T T . £
DD, /74 —vOBMELRDILEMND T —H —1F, sEITHE
S blnZ N TFMHSAD (Cant and Field, 2001, 2005;
Molina and O’Donnell, 2009). = ® 7= %, N4 %125 < 22 B E
LD

ETREZBRNOMBEEMONASE NSRS E RIS D20 F B

NIEMAETH L. &I, PH IV - —KVndan=—7TIi%, &
EAEDHE, BAEERR LD, 26O awe=—7TIF, @,

I A4 —rvEED TR EOMBMKE (74— 20U —F—75H) T



ODHEREBEMITE, T2bbREE, KXY (mounting, % (L #1k D
HTHICEMMEEL, T ZOEESERVICARD) , RETOEAH
MHEOXRBLBENHEMIZK > TREDLEBRMRIENS (2 0 NENA
MAE LR, (S WIEA 6 & M 5) 2 F > (Breed and Gamboa, 1977;
Jeanne, 2003; Moninn and Peeters, 1999; Pardi, 1948; Reeve,
1991). — &2, WA G IZEINF O R EOMLMA L L THEE
4 %5 (Bridge and Field, 2007; Jeanne, 1972; Litte, 1977; Pardi,
1948; West-Eberhard, 1978, 1981; Yamane, 1986; Yoshikawa,
1963). BN A1 E % < O #AAITE %47 v (Spradbery, 1991;
Wilson, 1974), T D0 % << XA H OMEN O B T OEEICK LTHiT S
% (Cant et al., 2006; Dowing and Jeanne, 1985; Hughes and
Strassmann, 1988; Miyano, 1986; Reeve and Gamboa, 1987). %
SWIEME 2H T H2FEICBITH Y —H—FEWRIX, 74— DOHFEET
TiExEEHREBIR, VA - TEENZIE, LITLIX, 7
A=y R°ZOETZIEMMATOENL Y = -2k TEIIIND
(Peeters and Liebig, 2009; Wenseleers and Ratnieks, 2006).

S L, TS AARATFOarn=—lBTL52Y7 - —MITkEWT,
SR NEAL B Tk 2 B OBy 2B E L, HAAEY — B — TR
B, #MLY -2 - 3FTAKEDHEITOOPEATBLEARLILTWS &
Z z2 b T&x 7 (Gamboa et al., 1990; Markiewicz and O’'Donnell,
2001; Molina and O’Donnell, 2009; O’Donnell, 1998a; Roseler,
1991). MENM A LoV —Hh — %, BHE, AR A —rPRLkRL
- & Xl anuve=—%5 X # < (Bridge and Field, 2007; Jeanne,
1972; Litte, 1977; Pardi, 1948; West-Eberhard, 1978, 1981;
Yamane, 1986; Yoshikawa, 1963). %V, BN RV —F —1F L H
TOFArEBEEOCHEICEENLD. TO/ME, BT — I —I1TRFK
OB A CEIGTME (Fl 2 XA RER) 28T L5EF5 2605

(Cant and Field, 2001, 2005; Molina and O’Donnell, 2009).



L2L, EROHEWIEMNH O AT L0 NA v K, HET
T, =2 7 VT hMmT DT ¥ F H N F Ropalidia
marginata T3 R & 7= (Gadagkar, 2001). Z @ Fi CTI1%, BIZ A 5
NHU = —HBIIRRKTS 20f@BETHLIN, 74 —idb LR
LS, EWIEME ICB W TR B LR 20nn, EWRZMRE LT
W5 (Chandrashekara and Gadagkar, 1991; Gadagkar, 1980,
2001,2009). 7/ 4 — v LU — B —OMOELBEROMRFICIT, 7 =
nE YRR TWwWb A MY NH DS (Bhadra et al., 2007;
Gadagkar, 2009). R. marginata Tl%, AR 7 A — N L kT 2 L
TS, b5V —h— (HREELTERW) B, TRIZAA -2 ERD
O HENICS D EH (Gadagkar, 2001; Premnath et al., 1996;
Sumana and Gadagkar, 2001). = O X 9 2 X8 1 » A LLWNIZH
F0, RRI7A - U= —0OBKIE, AIRARALTY = —D%
e R D5 (Gadagkar, 2001). Z O #lI 4 o 3 Fix, A& 7 4 —
U= —OHMOBLEABR LT T DA D= A LNBNELHETH D Z
xR L TWwD.

NEAL Il OB ZE TSRO S bob K ET, 2T v A
FHB TIE, BE 943 o 5 b 19 M 217 (Arévalo et al., 2004;
Strassmann and Meyer, 1983; Tsuchida and Suzuki, 2006; Tsuji
and Tsuji, 2005) ICRE I N TWD. BAFEL»LEHIE £ TH 200
A2 BT 57 ¥ F W AN F R Polistes 1£ 12 B ICH I LD
(Arévalo et al., 2004) 2, BEMITF O 12FEDO 5> B O, 4 #JE
7210 CToH D (Polistes sensu stricto, Megapolistes, Fuscopolistes,
Aphanilopterus). 5%, %< OFMIZBF 5 8 £, ¥zl £ %
STV VWHBICOBEI UL EOE E1E, IBMAGFICHFEST 6N
L2 ERotamEr LYV RSHER T L2 DL ELIND.

— 5, TV FIARFEGan = —F A XD/ WS ER BT
E, 744 —viF, BT EHEZME - THRBEBEZHE T 2 L&EFZ 200



T & 7~ (Bonabeau et al., 1997; Breed and Gamboa, 1977; Dew,
1983; Reeve and Gamboa, 1983, 1987; Strassmann, 1981). L
L, kiioaon=—H A4 XD/ Wt HED Y NFOHFRIT, 0
X% XF L7 o 7. Jhaet al. (2006) (X, Polistes instabilis &
P. dominuluslZ B T, zan=—JF8iX, 74— TR U—h—
DTN ET N DL, £, 74— OREIE, a1 =—
HE OWMDP &R SR & &R L. ODonnell (1998b) 1%, P.
instabilis [Tk W T, KEEOHZIZH W T WD MEAEKZID RV
LE, ETnETELELEEAREELL CWEMEKNR, £ 0KEEFM
DEHEER T ZBEL, ARELCHODVWTIE, 74— TR,

U= —HBHHEH», BOKFEOHMEZL I LV, ZhiTLz®o> T
A ofT#HhzH#L T WD Z&zmR® LKL, Jeanne (1999) %, /b
R an = —0OSNBRHEERINEEAE YD, a0 =—FEZHML T
f#ELTnwsdEFFTchsrserHlLe. X, L, BN H 5
T, ToAEfHAECan=—FHEOEFEREL XD, HDWVITHRE
MazdlRoE L, MEEan=—TBW T, AKMEIITE
DORNEBEZRERST OB 225, 50iE, SEMEERSZ R
BLTW 2 EEE, FOERBHAPRLSZRVIFEDIRICR DI LD ThH D
(Anderson and Ratnieks, 1999). — 5, O’Donnell (2001, 2006) %,
Polybia occidentalis 2B W T VU —H — 2K DM AHD>ENDIHNKED
3+ 252t &mRLE. R. marginatalZ B\ TH, 20 =—FEDK
BT = —HoOBMNMITHOHEELZLELAT L2 ERAVWE S E
(Bruyndonckx et al., 2006; Lamba et al., 2008). Z 1 ix, & /71T
gy, AEEENLAKZEBEERICa e = —FEIZHO> W TOIF®RE B E
L CTWdZ a7 (Gadagkar, 2009). 7 & il 1 © 2l 5 09 B fif O 72 O ,
S, an=—H A XD/ NEL O T, S &kdlH OO M
OB EENLT WD

T ST W NTFT )/ Polistes 2@+ 5 128 B0 H b, AHARIICIE 3 H



J& Polistes, Megapolistes, Polistella 75 4y 4i + % . Polistella I3,
HATIEY~ k7 ) HNF Polistes japonicus Saussure, *F R ¥
7 v F N F Polistes nipponensis, =2 7 ¥ ) J /N F Polistes
snelleni ® 3 M 28 34 L TW DA, KMJEIZHET S H5%EH MO 2
R TA R, a7y FTARAFIZONWTOAEFTHB L OIT
HEmmENnd 5T &2 (Yamane, 1969, 1971). ¥~ 7 v F
RN FEAARZILRLEL, PERCEEBERECEAS oMT 252 L2 H
b TWan, EAMNRAEFERESHSHEEC > TIERE (1975)
ODMAMBRBEN»D LT ET, BRKEOT VT ANNFDORNT
K CTHL70D, ARBOFAITHERSZ LWV,

Ao BMNEZ, RENELSHET > FIARNFTHL Y~ T ¥
FTANTFOMEBEaI = —2BEL TCESITHFTLELEMRITZITY,
TOoMEHMEEA LT DHZETHDL. MHIX, WO 5HHE IS
WTATo72. (1) 74 —v U —D—LOoMKE. AlEAAD LD X
I L THENZRKELEBR TR EMERD D, AlFEAAT LK
TR A —rFHaWEMH OR BT =B =20, (2) U—29H
— Mo EWIEMEH. UV — —oaWELIEAMIZ L THALIER
Ky ZOEBEILLZON. (3) V=T —HWoOHWBESS. V—KF—
M oBBESICH L TCHEMBEMHASEZEEL WD, (4) BE
MBRE O D OB E 2RO 2 M. A &REEICEAMNITE O HEE
FEBEEE 2200, (5) 7 A4 —OBEMITH OAE. (4) O M
W T o7 A4 = U =0 —0OEAMATEIC K DA %S H oA GE M
HEINT. 22T, JIA4A— v OoBEMNMITEHHOKEZHRE LS. ZThbo
AT BmBL T, Y~ bF7 I AAINRNTFOMHEEOHRKICE D .
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2.1. fd B\ Hik

2.1.1. fi

alf

=
H

i

il

BEo-»ofB\IL, 2000, 2002, 2003, 2004 £ O KX HE 5~8

HZ»rg T, —EHREHEENRBI =&HKEHEANOTFHMEE TIT o

R(.,

M=EoRKRES1E3.2x3.4x1.9-3.7 (HS) m T, ®AmIEAH
TABZHER L TREH T AED T, MO=_mOHHFICIT 1x1mm
O =—r Ay 2PN AFH (3.0x 1.0 cm) TWHM 2L M
SxAbLNTH IO T LN, RHAZIET, FAKRICLTAy a2 B
fFoonz., o LICW#E T E L THEEEMLE=—1V®oOFE B KK
NnEELAL T, MERNOKRKEEFIBKRET, *YreX¥E, 27 UL

141

J, VA, ¥Y=HP I IT7EOHES 1~3 mOBARIEL O, ZTHD

DB RKEAXTHMZ, "NTHREREHCBEMEL CHALZ.
MEIIHERE CLDI D, NAMICHE2HEHETILELL, K

il

et MEAOM 4 @HrL0TVORAZN SO,
KEKEZE-TZMAZ 4B, TALOPRICHZEWVZ. IO K

“

X, BAXKB|LEZ. BEAEO EICE, RAALBIE, %87 F, K
WaXB LT, Y¥“—b&3oKBELE. RAABIFE L L TIE, »
FIVORBKEH WL, 2o X7 FELTCEIAEBEHBERR R, Ny
Z, bR, EIZ2HH4TREL, ThOoZELTHRNEZZEHIE
TRBEBTCHWE., U RIZBEETIEPIARLLE X, WESAF
ENTVWDLIIVYRFORBALSYBLWMES T HWVWTE X, KK
i, KEAKEZEHAOWEZ. ZHALIEKFELRL THECRDL, ~NTF B
HHICHMEAICMRERL THRETETL2 L2 LE. £, MERNOM
AEMEFET LI, EAMEENITKE MW .



2.1.2. Al#E A A (foundress) O & & B o ¥ 45

2000 £ X, " EHRKZHENOYANTOKICER PO ar =—%, K
MDY —J— (worker) PP LY AHICMEANICHE L TH B Z ik
fe & H /2. 2002, 2003, 2004 2T, BMANLLRERDEZAR A R &
WA TCHETLILED, 4 HIt, Z—EBRFHENOBISAMEEORLLITH
STEYRFOEIL, BREEZHAVWVTAFIYKRBRKZHMAL T, £
CEHEB SRR RA A H R CRHELE. AR AT, B,
#ilican=—ZBWTZ A — 2 (foundress queen, fI& 7 14 — )
LR DEAETHDL. HOLATZARARIE, "FIVKEBEKREHZR
Mo —v (11x 15x 8cm) TWHMBELT, £F 0 5H LAICM=E
WL TEHERZAMKIEL., Al A Ao BB EEHIZIE, oM
WhBEELXRTLEEZEBHIC, 21.1L.TREXZEDHORWNHE F % ©
vEY PTCTHEZEARARAICEZDZZ L, KB ~OEOfHG &R

ITLTCAT»7=. 2000 1F 12 v =— (a2og=—P), 2002 4% 2 =
n=— (a2r=—A, B), 2008 X 1=2r=—(a2aue=—C), 2004
FlX1lam=— (zar=—D) O T Sanw=—nNHEF .
2002 1T am =—ABAMENTRKBICER T I2RE TH - 2,

TN UNDOEFTBEan=—HBOERETH > k.

2.2. #BEFIE

2.2.1. BA~y TOERE~Y—F 7

BBANCBITL2HERBERERODMEMM, BHEOREERRZMD

I, HExEE, W, SR omM (1, 2, 3, 4, 5i#m), W, ZFE %

kLt AL~y 7E2EKRLE. o =—1BWTENDOY —H



— AP LZENL, ThEFNOoan=—IBWTBEZKET T 5
FCOHMMBICTOLE>T, Y AITIERL .

U= — LB A A (kA R) o K BIE, PRI X0 H L
. T hbb, lEANATFOPIFERZEHEMBEEROPNILOHKED &5 L,
EFhEvmie P LA RZY — D —, BICPH LA R EEIHE A
Z & L7 (Reeve,1991). Hr2 P LT —H — 1%, FiLH B,
RECHLELTWIZHRIZAMOM W KBEES T, 20 Lizk o
TEHEMCH TV FECRBE L., —BERFICLDHREBEZITV, K
VA XOFEL L THMBO R KE (HE) 2/ F X (0.0bmm) T
MWL, ERNRT Yy EanNEEERO N (ER Smm &)
EHENR ECy=2F=2T7 2 H VT FTF T, HEAEENO~—F
v E L. BERONORFOBRFEZ, PIEOIEEF L —H 7.

v~ =Xk LEEEKIEIFER T ALEICRL, KRB ORED
TH%OMIENIKEAEEDbOR W L2 HHETHRT L &I, <=
=X 2T PNEBTLETCETOEEHELL. ~v=F 27 MR L
B, 2P ORICZELE. AIRAA~OD~Y—F v 7 3 iTbk»o
. ZThb o FIECKYBRICRIZMEEIE, MEE»L OKEE
T KRB AR, 20 K& 512 L T KB 2 AT
BBV, B~y THEMERT IR, BRECBTL2HFEMEOREX
LBk L 2.

2.2.2. U — 7 —®ON5¥EEE RO KX R

Fanm=—07U = —i%, PlLELEKEHIZL->THE 1 71— R
(first brood) & % 2 7 /L — F (second brood) I/ L 7. & 1
TN —REFI = =PI AENPL 8AEHEETICPHILLEZY —H —T
Ml I, H270—FEIV—F—PWB»L 98 BKEIZTHLL
eV —Hh—THREnDdb o0& L7 (Fig. 1).



HHEM T, B 17— FH#H (first-brood period, LLF F #]), B
7 ¥ (transition period, LAFE T #1), IR& 7 /v — K # (mixed-brood
period, L M 1) ® 3>z L7~ (Fig. 1). FHIIHE 1 71—
N BEAEPILNTOHE 27— FRBHEBATHE £ To WK (@ %FIX
M 7TAHE),THIZE 27— RFRPALHEE»PSE 27— K
AEMBMAEP A E oMM, M#BIXHE 2 70— F&&8EKP L%
OHM (BHEIXTHTHA»”"L 8H FTHWET) & LK.

2.2.3. v 554+ HE

B OTEABET AT, 2 v =—A, B, C, DDOHELE®OK
mMofTE A2 A &BE L. SEIX, BOoFEMBAAOL TWDSHIC
M} C# A7 (SONY CCD-TRV96K) ##% @& L C, TDOH AT L
7 47 v % (SANYO VZ-H33G) ##f L, 7 vXicky LY
TAT =7 1TARICKH L T 6REMER L TIT o7 ¥ o WAL,
WMl eREOR LR 12O, MIEOHAGIX, EMBBNDS 6
B #%IcT — 72Kl L, 62 6 HHBEO 18 K £ THRE %2 Mk
LT, 1y 12KHOBEKHE L. BHEOLGIX 18K F
T\ LT, 1LY 6 FMOBEKEMELEL., HRREITHWNOAIZ
AT T, 8 HTHIKCAARZPIT HZ2EHET THRITZ., =21 =—P O
BT, 11HELS 14 ETo 3KBMIThbizs T, B & ERICL
> TAT » =

HFavm=—O6GmE B L EBEEFEMIX, 272 =—AF 20024 74 1,
2, 3, 4, 5, 6 (F#, 48 K f#), 8 9, 11, 12, 13, 14, 16, 18
(T #, 66 FifE]), 20, 22, 24, 26 B (M #, 24 ), =1 =—
B (¥ 2002 4% 7 H 17, 19, 21, 23, 25, 27 H (F %, 42 B[{#), =
7 =—CI% 20034 7 H 20, 21 (F #, 12K [), 22, 24, 25, 26

(T ¥, 36 Kf), 27, 29, 30 H, 8 A 1, 2, 5, 7, 11 H (M #,
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60BFR]), = v =—DI(X 20044 7H 9, 11 (F#, 128M), 6 (T
W, 6 KM ), 20, 24, 28 H, 8 A 1, 4, 8, 12, 15, 17, 20, 24
H (M #, 72 8B) o7, ano=—P O# %A L8 2ELIL,

20004 7 H 31 A, 8H 2, 3, 4, 5 (MM, 158 M) TH » 7=.
2.2.4. TEHoOBELZETONHE

am=—A, B, C, DOTHBEIL, "FTOTEHIEH SHLE
TAT T EHFALT, ThERTITo7t. AIRZA - KT —
H—=BATofT#BZRCATLEIOCHELE., £7, s&EH (KR
HTiibinsd), NEIES (HMm<, BANCTITbND), ARMEE
ER (BART2@AEB cCiITbd) O BEBEICKRELS TR, &b
2, A TR E XA S W R 4% (flesh-foraging, WH 7+ 2 BiICHE LR %),
Rtk (liquid-foraging, J B £ I I 2 i & & TR W
FHEFRERL, MEAKSCHBRICEXEVEZBALEZY LEREAG, Z
OH T IV =Ty E), BMEBE (collecting nest materials, f#
Wit x RIS bR D), REDW AP (fruitless foraging, T & £f
Ligbd, WMBEZICEKRKDZHEZRE ISR Y) CHhELEZ. BKRkYD
EHRELESA, TOADBRATIYNAKP2POXRBIIFTTERLoTL. KN
BiE I, BB AM (checkingcells, BEWNZ fitfs TH 5, %hh L
DRBEXHBOLEEIND), B ~0OHWNEW O ] (feeding larvae, K
HCIHELEZRNEYWEERENOS RIZE 2 2), FF EHK (building
cell walls, BA N LM oMW BEELrH W TEBRELMEL
EOVEBEHKXRLED T L) KaBELE. BEARICBWT, F5B
Nazfihfa TRLIMTH LR LORBERB T o BEHEBIT, E
TAOBMBTCENLOLDODITHOXFJRHEETH>Tenb THDH. R
W F A /EH X, #(L17T® (dominance behavior, & % il {&k 23 5l @
RiZxt LEELEZY, RETWHLA WY T2 KEHNRITEH T, ¥
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M) EE R A kO fTE ) & A LITH (subordinate behavior, # {7 1T
a2 CERLICFERTL2T7H), ko RELHE (BHETED
TR ET, S OoMERNKKYEH R L (provisioning liquid),
b ST oEPNENEZTMS2TH), KhHORNEYW R (H D
AR RETHRFEL TS AEY ORI — & 2 i 8K~ 452 L
(provisioning flesh), TN Z R OB KRN K| T IT WD) THEL
. ZThbopBEEiFMic, P EBL2ELHCREISD2TEH %R
RV 47H) (abdominal wagging) (2% L 7= (Reeve, 1991). Z ®
ITENICIE, EHE2LEALACRISVRDLHITOFEAHR, L% ik
WiRTHEE, BRoRBICHIELLZKRET, Rk IRH S 513 L
MLLIEHEZRIESEDILBENboTD, bbb ad, BHEOT
HOXDOIFHI>IIRBHRHICEML T, "FRIHRO OITE %M
L7zl MERTLERRMZ, MAEMNIC1IBEMNTREL, £#68 %A
TEICFEBMAERIT oK ITEHO 1EA-VHEELSEBLE. 20
B, WHREEh ERBEMMBEAEERICD W TIX, FBEENBICHEL -
e ] (B B[ — AN RIE BN IC E L2 M) B2 oMEL2HMNL,
HABEIEBOL G IIBERMY-voHEELHE B LE. ik, #%
Bl k- CHBEFMMN 6 ML 12KMOEVWES L Z LICLDE
BrmMETLO2LERNDLZO L, HAEICE > THRICHAEL MM R
mHZEICL L2 EEEMET DA THDL. KEMMEAEERIZOWT
F, TECHES LEEEKOXT 2@ L CRE&LE., r=—PIC
DWW TIE, R oS RIER, NERIES, BAMTEICS YT, @5
DB E O B E G T

W EmbYE D, HALE K E R T, B E K O E AL E R DA
Mz oK EDIZHR S (mounting) & Wo i, fif T X<
HAL T D BN E R O KK 72 4T #11X (Spradbery, 1991; Wilson,
1974), Ao oic. 74— T =" =05 54, 4H~
DHKBEBLEREABOMBICMATERZ2H VRS EEZLIITH
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(antennal drumming) ! (Jeanne, 2009), 1T 72 > 7=

2.2.5. EHIEL O PR E

KFan=—0OET Ao EDL TR 2@ EKMICE T D ENITH)
ORMEHEE XL L T, BAITEORBEHEE N Z VG O EKEENT
Bk EHWLE., ZoFEICELD, a0=—KNOETOMKD X
MHAadbEIIBW T 2HKHBHOEBELEZREL, BAEI LT, 20
Kb B TOBEBMBEAERELESMEEREZRD, TO0EOEICTHESW
C# 4 ME. (rank in the dominance hierarchy, LK, B2 JIE {i &
ErnLESAITELIAMERET) AR ELE (S EEEN —-FZ
W AR DN L) Al A AR TR LEar=—ADTIH(E 3F),

ik LB Eg8Bo kiRt T OHEICE T 25 IEAME

F

E L, zarm=—B, C Tilzad LZBEHMZEnEFN CIEN 2R
L

E L7z
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W E O BlEon=—0H%
3.1. HHRIGTLEEOMKE

Al IIHEMEO L TiTbhe. ar=—A BIET I AT 7 0,
AR =—ClEyueX¥EONK, av=—DEF 7V AT IDOEREITE
BL, ag=—PREYAFOoOFIZERLLE. Zhb0oREom ST,
&IV 1~2m Th o 2.

MENTHWLERZBME I, EOXy 22T TS
ZFRL, ATy X EORBBOEET, THLHE KHETH I
S THED TV, P L EBITHKS LB E M & & kb 20
COVWMDZZENHoTN, BMBELTEDLDALTIIETOENE. T
TWHIH>BERBELERMEELTCHAMAT S 2 b EH o .

BT EAGME -BEC, BRNITIEBEOHmICMEL, BEITEM
rERELTAKEPOBRICHERIALL., MIEIFEIBEB LD O
O ERY, BT EMEOAZBORLKAAZL TWVWD I ENRNEDo
W, AM—ORIZIBENT, TRERKAACOMWMb Ao, 25 L7%KkiM
DB IZKEBHBENEREREICT CIREALINTWVWEO T, $hHICH K
THEEZOND., RERPMLL TEIZR-TZFRBICIEEINNITDL
o, BfFCEAMMBEIAE., BRAHBICE, FEABRBSIISNNDY
ER ooz, BREO -—MLLTESNE., 707 v 7 A
NRFRXT v F BT NET D Megapolistes #iJg TIH il L TH &
N2 ko7 (i, 1995), BEWiE oM EOFFEICHEIWNL T, H

&

— B THEOBEFEIT O LT ol

ot
il
3

3.2.

LRHORKIPOT — B —NPILT-ZHOFREHIT, 210 =—AF 21,
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apr=—B ¥ 20, =2 2 =—C (¥ 32, =z v =—D (% 25, = g =—P
X 28 THho7m. HEan=—00BEK TR TCOFREKRIZ, 21 =—A
£ 49, =z v =—B X 29, =2 v =—Ci{xXx 79, =2 rv=—DIf 39, 2H

= —P X 47 Tho7-. B (1995) T AFEORKE FZ K IT 40~ 80

WR7ER, BEEOKIZ, a0 =—BMN 29 Th->70O%KITIT,
DHEMICIW £ »>7-. F7, Reeve (1991) X Polistes & ® EF = &

Wi T 56 EHE, LW T 492 BB, B XX FH 135 FlB T

Bl
E B A 9 BH Polistes @D TH, ¥~ F7T ¥ F H8F 1T K2 /h
B LB 2N 5.

&
<
(2!

\$
v

hHERBLTVS., RBDOZ b UBT 5 &, H#E N

3.3. B MW A X (early male)

amrm=—A, B, DEBWVWT, T 2, 1, 2O R H A 2 L& ¥
T b4 AN P4 L7 (Ono, 1989; Page et al., 1989; Strassmann,
1981; Suzuki, 1985, 1997). Kasuya (1983) I 7 ¥ & o 7 ¥ F H A
F Polistes chinensis antennalis ® B | 4+ X3V —F — 12 L » TH
ARMPOBWHELD Z EZ2HELTWVWD. AFEIZE W TS /B4
23TV = —DITEEZHETLI2AREENDY, BATITEGHEN
LEEZLNLDOT, KR THA LR A ZITHENLLID B W
7.

3.4. AIFRIA—v DLk

AR 7 A —viF, MERNTHMTERZHABLEZ. U—0 — 08
bt 28, 74— ToEBONAKRED &ANEED 2TV,
U= =P EIT, BMBRELRY THREBTHKIC R > 2R,

N&xEB 2 CoMBELITo7-. 2 n=—B, C OAHZX AT, #
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HHE P E®LTCEFELE., aa=—A0AIHFZ A — %, T HIC
MY+ 2 200248 7H 15, B0 ETHELTLTWD2ONRERS
Nz, a2nv=—D0OAIFIZ/ A — X, MBICHHYT 2L 2004 4 8 A
12K, BREBIUOMEEANTCENT RS R oD T, EL L L
Exl. CRLEARIIA—VORRNIET, 2 LELARAHTH - 2.
ChkBtoan=—i%, BEMDHKEEMDOY =L — (superseder, &t

J A4 =) Lo TH EHMRINTE (5 4 %F).
3.5. U —h —

FE TP LEY — D —DOKIFE, mn=—A X 8§, =u=—B
X 48, 2o =—CX 78, =2 n=—DIiX 68, 2u=—P|% 9
Tholz. FL, ap=—AD4FHICPILLELY - — L anp
=—P TC3HFEHEPELLEY =D —FPBEELRIAIATHFAR LR
ST DT, BlEINTOFEAEN THE 8H TChoT. Zhbo
Bk, (1995) oW EIC —H L, KDY —H — %%, Polistella
HEOXFRN T T HAF EREE (B, 1995), 7 ¥ F I AFITEH
WTiEhrmo bt Ebhn 5.

BL1TAV—REHE 2T LV—-ROT ==K, ThTh, 2nrm=
—AX 3L 4, = v =—BIlX 48 L 0, = rn=—CIi% 45 &
3B, mrm=—DI(X 48 & 28, 2 a=—PI|X 4L 4B Tbhb»T=

(Table 1). = v =—B TlX, & 27 /L— FiZPL 2o 7.
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WHA4E A= U—F—DOMDESLHERZR

4.1. FL®IZ

FramC 7k oic, kaMBEBAEO 7 £ - U =7 —F, &
2Tl L, BB oM, BHEMEKOINEZED Z LE DI o
Txts 9 %5 (Ratnieks et al., 2006). 2% vV —Fh — CHim & h %5 =
n=—%>2< &M ERTIE, ZoNLErtEWIEAMEICE > T
fERkLTwnwseE2LLORL VWD, —fRiZ, 74— v aadb R ED
B A R X E AR o f & W E AL Hl S FFE T % (Breed and Gamboa,
1977; Jeanne, 2003; Moninn and Peeters, 1999; Pardi, 1948;
Reeve, 1991). Z N O O ESWIAAN#H O FH & LT T Z & MNH
b TWwad. (1) BMITEHIX, KVEBMREAEACHZZITDR .
(2) BEALATEN I, B OoE S THEOoOEEKICESmiFensd. £72,
Z<OEICENT, TVEBEMALREERIRARKRIVITB ZHEICT S (7
A — IR 2% A5 H5H5) » (e.g., Brillet et al., 1999;
Cummings et al., 1999; Molina and O’Donnell, 2009; O’Donnell,
1998b; Reeve, 1991), =T O E O M WHIZ A+ 4 T %5 (Brennan,
2007).

R NEAL B, RS, EWEEREL, TLTZ A4 -k
Bk @MU —F — Ik o CHEMMPMAINDHEMA E L THAE
4 %5 7 (Bridge and Field, 2007; Jeanne, 1972; Litte, 1977; Pardi,
1948; West-Eberhard, 1978, 1981; Yamane, 1986; Yoshikawa,
1963), R. marginata Il 4 T, R b A7 2% b2 LR MbH
nTW5d. R. marginata ® 7 4 — 3B &L <<, — &I, &8
Bl ic ks W Tl EM TR 0nwicdb bbb d, EIFEMRET 5
(Chandrashekara and Gadagkar, 1991; Gadagkar, 1980, 2001,

2009). LN oT, 74— U —H—0DH oBEHEZ>KDLESLH
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BROMFICE, 72 NfEibh TWL AN & S5 (Bhadra et
al., 2007; Gadagkar, 2009). KEOAIFH 7 4 — DL RT D LT
i, B2V = — (KREfLTERY) B, TRR7A4 -0 L hHrH L
L CMRugic kBN L 7% (Gadagkar, 2001; Premnath et al., 1996;
Sumana and Gadagkar, 2001). M uE 722 BT, —» A NICH 0,
TRIZA =2V =T —OMOBEKRIET, AIRARLTY = —DZThH
R BT 2 D5 (Gadagkar, 2001). Z o f 4%, AR 7 A4 — v & U —
H—DOMOEEEZKLZELHEBREZHL T 272002 =X 5I1EZ Kk
T, MICTEX-oTERDITREMEZRIEBL TWD.

AKETIE, Y~ b7 v FINRNFOI 4 =2 U—D—DMotts
WAL il & B 2 K2 ELEBICODVTBERD . AT A4 — v W E
Rz b L, ftamIEMH ok B 250, L Tanr = —3E
B LTAR A - I EhazEFET 200, 361280 RETIE,
Blgk 7 4 — DD UTCRLEDODT, TOLE|IZan=—%5 TN
A —=E Y = — DM Ot EIENH O R EABEEKRDO N, £ L
T,ZDHED VWO ZIANME RERESNLDDONITOWTHMH L.

4.2. 7 — XN FIE

AT, FESEHMIckBFA 22 =—A, B, C, D, P TiThbn
FEAMAITEH ERBEVITEHICE T 2T — X2 BATICHWRE(E 2 F).

an=—AODOFHRI A — X 200244 7H 158 (TH@&EF) 12, =
m=—DOAIKZ A — 1% 20044 8H 12 H (M#l&ET) I, £h
Fhoaom=—2bltXkLE (H 3 %), LXRH, CAk%EOVET A
BlErrEoaIE, ¥, =27 =—A% 102, 36 KH, 1=
—D X 60, 30 THo7m. a2 r=—B, COARIA—IiTLk

T, 28I TT0oLE2zHABT D LN TE L.
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ETOMIFMHIE, Y7 b =7 Xy 5 — Y NCSS2007 TH1 - 2.
Al 74— ik TiTbhEEBMITEHICEAL T, RICRT 3HHA
B O »ITL 2.

1. Al 74— Bk MY —H— (U—F —DOMTO K EAL)
~AT o EBMITEHOBME X, K EMY — T — 0D AFKE 7 A4 —
YO BENATEHEE XV b & D,

2. RAIFE 74— PN EMY —F — 9T o 2 EAMNATE O HE X
ETNUSOEKE T — =KL TITbL D EMNITE (I,
B2T7 70U = —CHTOLND) LHEBELTEYDN.

3. BRI A — v PRH{Y = —~AToEMITEH O 2 H

e

X,
V=N =D TRLES BATH 2T - @K GEF K
bR = =) OHE XD b E WO,

1 20HEBIE, 2HMKRE (binominal BE) I L - THEL Z.
MR LTLIBEHBICTENLIABEIOHEELEH L T 2HME
CHWER, ZThiEEBE2 CRLLAEHEMRE L7 b THh
. 3OHEHIX, FBLEAO 1KEOEVHEELZSICR T — X

s

Dt E (paired tHBTE) ZH W THEET 2 THELEZ. &5

(Y

W, EMY = —=DNRAFE A= b — ELEAMTE EZ TR

N

STEHAE, AR 74— PRETOY —H =L TT & AITEN
T#ET)ERETDHILET, TOXI>REFMNEZ 5 MHELEHEE
BL .

RIEVATH O FHFHMEME 1RO ZYHEX, tBRE (%5
BN S22 vwE &% Aspin-Welch ¢ 8 &) £ 721X ANOVA (&%
FAZ ) U C Tukey-Kramer ZHILWKZ0FH) # H v T, 27225858
Momtao=—0o/THhBRLE. AIFEIA - LT —F—0DE,
FLTAHBERIA -V ERRIA = OE VL RERFETHRKTLE.
BEME T, 20V -V —FRBBVITHE -ELITbRMroD
T, ZOXLOB T =T —FMHErroEALE. REVEEICY T
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weam BB (2w =— 5 ) T, ARIRVHEELHE 17— &
)

)
TOUV—=—F =P UEORKRBERAEOMMEZRD D Z &L THATL L.

4.3. fEH
4.3.1. 7 A4 — v & U —F5— OB oOENNITE

FH T, AIZR A - B3V —2—D20BMTHEZIEEALLEZT
¥, apn=—A, B, CTRERY— I —2b@EMNMITHZZTD LY bHE
WHEEOEMNMITE 2% U — 7 — 12~ L7 (Table 2, Fig. 2). L » L,
aun=—DOAIHRI A —iF, KEMT = — L O THEEDE
fATEHEZRL (BIEHMF, AR - 2ok EMLY — T —
X LT 1R, #ick BT —F =056 1E), 23O 2HOY
— =l L CIHEEMITH LR RS Rhol. EHIIZ, a0 =—
Coalg s 4 —21F, &EMY—F—lcxt L T, 2 BETENITH
4T\ (Table2), L T=unu=—A C,DOAHFIZ A — itk i
J— =% LT, OO - —1CHLTIHI IV LEARICSE
< OEANLAITE 2 /8 &3 (Table 2, Fig. 2), Th b OAIFEZ 4 — > »
Tol 1MLV EMATEHHEET, a2 o=—0fAKMHICE W Tk
b WA Tid 2 2y - 72 (Table 2, Fig. 3). Z h b o #ff £ X, fAl# 7~
A4 =T (FFlcar=—C, DTIX), BMMEZHE>EHN TEMITH
affbhhroll tarxrmey 5. fIHIT, = v=—B T, 7¥FH
NFTELS A2 2MIEAMG ©OF#E»”3 2L ALIE
(Table 2). = v =—B TIi&, BAATE N E OBl 2 %A1 (7
HEf-fA) % (THTA) T T THBITLELEEGTYH, FE
RN ENLDL 2HOMT G DL T
THE MBI T, FHLAKL, AIRZAA -2 FEDOT —F —N»
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bLEMITEZIZTEAEZ T o (Fig. 2 TH OfE X M# & [
oo T, ZZTE M#loLzsRrT). LL, AIRZ A —
FEMY —H — (FELLTHE 27— F) 2x L TEMITH 213 &
N ERE o7 (Fig. 2). BT —F — 13RI A4 — 20 b &
MAiTEh 2 —Ebv 2T, Al#RI7A4A - R U —F—kZxt LTI v & A
CEMITEZ R T ERET DL, TOMEIZ<0.0001 &7 5. #N
T2 IX, MV —D— (L LTHEIZ7L—F) IZmMiT b
i, Tolkd, tt2WIEME BT 227 4 — > ONEN T A B BT
D, bz, ar=—C,DOAIRI A —BNT—H—IZ%x L TAT
Sl 1KMbELVEMITEHHEAEX, V—F—ICX2Z0HELLELK
LTAHEEZTEL»>7ZRN, L2rLao=—P TEHARZ A —> DMK
JE M @ o 7= (Table 2, Fig. 3).

AR A4 —rv ot kRBIE, REMTY— DT —Nao=—%5 =
77 (Table 3). ZR V7 A4 — v LMD U —H — D[ © £ 09 0E A H 1,
YT — -k bdan=—THEIET LT VT HAAFICMEE AR
tH D ToH o 7= (Table 2, Figs. 4,5). T 72 b, B AT E O HE I,
TR A =BT = —12xLTITH>HFN, ToifilbvbE<
("B 74— F, MOU —D —DOEMITEZIEEALEZT R0
o), BRI A —2F, ECEHTOT 27 07— — 2% L THEN

ITE# 247w, an=— BV Tk bOBEBEICEMNMITH Z2 L 2.

4.3.2. IRV ATH

BB A — v EREEBTTAMICRIED 78 &K <70, 8%,
FBICH R L& EMAER T T >, RIRYTHOSRERET, =
B=—CTEan=—RELLbLICHMAMMAMML, Eroan
=—TWE F#H, TH, M#BoOMTEILR> 7D (Table 4), L 2

LAIRZ A —v oM TEABICRR -7 (F M2 BAEMRLEKRIC
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ANOVA, F3 690 = 40.8, P< 0.0001). =2 =—A DOXKI A —
OFF/FEMIZT, AR A - OFRERHLEEKRLTHARBCE» >k
(Aspin-Welch ¢t E, T £ P=0.001, P<0.001). Alg& 7 1 —
PERAIOBEICEBWT, REMTY =T —DBREVITHICESL -
ik, 2 e =—A(F#)Tix 2.5 £ 0.5 # (mean £ SD, n=38),
ar=—BTE2® (n=1), 2r2=—C (MH) TIix 14.7 = 14.4
W (n=6), 2v=—D7TIX (M#) 5.7 £ 7.3% (n=17 Th o
. ERSLOMEIE, 2 e =—ADTIE, BIEIZA - B LTH
BlZ, DH5VWIETAEBEICEWVWAKAE THEH» > 7= (Aspin-Welch ¢ & &,
zhZ£h P<0.0001, P=0.055), L»rL=awvw=—CTIiHaAlx&7’A
— v AR ETH o7~ (Aspin-Welch ¢t &, P= 0.564).

1 MOV RRVAITHEE X, V- —X0 b AIFZ A — B
X, FHMTRY D —0OHNLEHIREVITHZ ~EbLiTbRho

ot

R(.,

(Fig. 6; TH O IZ F#MEFRAELE-7Z0OT, 22 Tix F#HloiLR
FT). AR 7 A —v 0 LMY RED /T8 M E X, FrhisM & F
BRlic, ae=—WMTRAL->7 (F#HIZT>WT ANOVA, Fs,12=3.94, P
=0.086). Al&x 7 A4 —rHRLRkllcan=—A DToO 1KEMbREZY
BEIL, a2 v =—RFEICHE-, THALEDR (Fig. 75 21 =—A, r=
-0.853, P< 0.001; = 2 =—D, r= -0.865, P=0.003), = 1 =—
B, C Tl Lo (zon=—B, r=0.742, P=0.091; == 1
=—C, r=0.270, P=0.350). &« LV —H"— (R A4 =) D
1 B b EEZ, AR A - RBICHEMLERN (Fig. 8;
Aspin-Welch ¢t &, = @ =—A, P=0.105; = = =—D, P=0.010),
CRLEA&FZA - ofl il b IE»o7k (F HLEoWE,
Aspin-Welch t &, = v =—A, P<0.001; tf @, = u=—D, P<
0.0001). AlFZ 7 A —v k%, am=—D0OK EMEKRI Y —F—
O 1IEMbEYHEELHE ML, RN A - ERBE LR (Fig.
8). —JF, am=—A TRHRERIA —VICIDPREVITH MO U
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— 7 —X Vb HEBEIIITTDbDA L.

BRoMELETHZ FICLTEZSAEDL, BEXAFEALDL L WVWIZH
KHEHZR D278 L, 28 =—B, COAI&KRI A —ITXo>sTDOHR
Eh, zoE#FHEFENLEN, 1HE 3EHTH o, 178 O FFH kM
T, 2 v =—BTiFT64®» (FH#) T, 2 n=—CTIiT 43 % (F H#H),
84 ¥ (FH), 668 (TH) Thot. V—hh— (‘BRI 14— %
) X E LT ol

4.3.3. JEUH

Al 74— OFAETICEBT2ENE, 28 =—ATIiE 22H, =
n=—BT{X4F, =z r=—CTIiX21F, = r2=—DTIXIFE, =
n=—P CE1IREBRINE. an=—CoO 1HZKEX, & THA
HIA—VICLDEINTCHoT. 2ODanrn=—C T 1HIEX, MH#
WdHT72D 8H b HICIEAME 3MY —h =k TiTORER, £0O
PP 3SABREET"OLRLE. ZhixsEx b, Alks 4 — v
J— =l ko THEHNENNEZbDEEZONDS. 20 =—A,DTOD
Al 7 4 — v ERBIE, RRI7ZA—-VIFERZME L2272, =
D= —ATHRESISNEIIEE 2o =—D TEHHEINT 3HE O EIFD
2L, TR EN TEE 2ERIPEZENR I A —ICELDLEZ LD TH o, =
7= —A T, BEAME 2MOT —H—8 26, & 3MH» 1E, 2 6
A 1R, 2v=—DTIEF, EMFAMCOY —F —»N 1E, ThE

EE DN & AT o T2

EE O »o6, an=—REL+ELT, AR —-—VITEHEE
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KorELSHEBECREMEZHFELTVWD ZEDHLNER ST, L)

L, BifTEBEEORT I, THE MBITAIR A — R am
JEAL ) TR B CiX W AR L. £, FHTH, 4 an=
—H 1 ar=—0DfAl&RZ A — T WIEAH TR B TE R,
AR A - ICEoTITbObULEBMAITHORHEIT, 7T T ANFT
Aot mWIEME O KW eHHE (AR A —21F, BHFDT
Y OETFTOU = — L TEMITEH A EICaA L, BAATEHEE
R BHBEICRT.) LEIRLD (ZELE 2 70— FRPi LR
Molapr=—BZR<). 2hbOFHREFT, ABEOU—F - TOD
RN K & EI 2 K2 ELEMREORMR L ITXRMTE 5 F)
AR 7 A - 3EMEr K285 R TR EMZHRET 272D ICENL
TE#hZH Wi wo L E2RET 5.

B A K O2EPSBERLZEF T L2200 EALELTEZLILD D
F, RIRVITETHLL. 2T, AIRZA— DB LRLEaR=—
ALDoan=—REICMH->-T, RIRVITHOHESBE D LI L

FoTXRansd. ARV ITEIX, —&Kic, 207 ¥ F AT
BT DR EERICHEEL WD, ToMHB EERITIHFEIN
TZZmolz. OEo0EFxX HFELTIE, REYITHIEX, 72— K
bala=fb—variirEmwdrddr»b L7 (Brennan,
2007; Brillet et al., 1999). T O H A, LD A I =X AT k- TH
e K LIEBELSHEAROR EM 2B/ LI E, RRVITHNEAET D
Z L iZ7% % (Brennan, 2007). Bl & 2 T, RIERVATE X, Zh
AT O AR O ) o IEE R v 7 F b(honest signal) TH 5 b L 1
72 W (Keller and Noonacs, 1993; Peeters and Liebig, 2009;
Sledge et al., 2001; Strauss et al., 2008). R. marginata ® gl i#&% 7
A =%, BAETEZMED T ICEHEEZ K5 8% 8RO K LN LR
T5. DA D=0 NEMIT, FEEICBMINLDL 7 =1 E

> DHH TH 5 (Bhadra et al., 2007; Gadagkar, 2009). ¥~ 7
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VTARFOARERT A —iE, RERVATHRIC, FFEEXRMmZE T
Ui CTHL o> TW 72 O T, R. marginata L R IZ, 7 = nmv £ > OF AN
Ezxzbivd. i, Jeanne DM 7 v — 7, il THE B L 72 2L
ik oTH EREIENDESH (antennal drumming) O B E A,
B B[R — =27 A= EHEMKELTWWDL L
Z "B L 7~ (Jeanne, 2009; Suryanarayanan et al., 2011). P.
japonicus D RBVAITEI N ZT DO X D78 — A ML EHEZ FFONE
I MMUE, AWM TIIH L NIZTE ol

Al 7 A4 —v P CRLEBICE, KEMY —H —PNan=—%5
TN, IRk, HRESWIENE AR OEINEMEE 2RO TV D
&% E%T % (Field and Cant, 2006; Field et al., 2006). # R
LT, BAY = —%, MROBIBMIIMATCENZERFET D220
W, BTS2 ENRTFHEINDS (Field and Cant, 2006; Field et al.,
2006; Molina and O’Donnell, 2009). BtV —Hh — D Fx DO X H 72 &

Bix, BRI, Y~ Ty FAAARAFTBREISNREZ (F 6 &), BHIE
&

wwnwZ i, Z#R7A4 =32 IEAN G O &K EAL 2 HER LD,
RIROVATHOME T2 =—3l#fERIIE< Db, Al 7 A

— DX OHEICES KX o, T0IE, O Y — I — 0 FEGH
EREH T LI EICRBLTWVWD ZEEHEBLTWVWDI D LALARWV.
COEERT, REVITEBOAE HDOEBERYZ e L THEL TH
HHRMEEI & 20, BRI A -V EFREREZEREL ZZWVO %R
THICE, S HCEL oYy I A LEEMOBERMLEL IND.
Y~ T T IR TFTOBMEKLIEBELERIT, VDR
WIZ b B 6 F, R. marginata &L TW T, Al 7 A4 — X EAAT
BTN oA I =X EHWTEHZKDLIESBEKRO K EME
MR LTS, L2rL, ZTo2fIX2o00RTRRDL. 12, ¥
~ TV FIARTFOU —F - ot IL, AlER A — T
Kb ZR 74— oM Ezikd 28 END S50 L, R
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marginata TlL, AIE A AP TCTRLEBICE T, BMITEIC L » T
W B NE AL H S B BE B9 I B < (Chandrashekara and Gadagkar,
1992; Gadagkar, 2001). % — 2, Y~ M7 ¥ F HANF TIE, A&7
A —=YIFHEMNT == LTEZ OBEMITHEZR LN, ZhHiZ
R. marginata Tl R & 72 (Chandrashekara and Gadagkar,
1991; Gadagkar, 2001).

R L7 —0FEWT, THE MMiIcx L CEHATE 22, FMH
i TiEELRY., L2ALFH T, mIEMASHIZHE W T TR
Sh28M (A4 -1, ECAHEOT VY7 ODETOU — 7 —
xt L THEMITHE L, BETHHEELZ2RE&ES AT .) 28, LT
LiEFXxmLTwd., FHIZBWT, V—F—Pam=—%5 &<
AREMIZ, AIRZ A — v OEDBHMEIN TV D ZOICERFITED
DT, V= —Fapn=—%23cHfdl LICHREIENLEXON
5. XL, BALAITEN X, R. marginata TR LN 5 X 9 7, 4 &
HE o EDHDRLE VI XA D =X AN HDHONDL LIALRW
(Bruyndonckx et al., 2006; Lamba et al., 2008; 7272 L, Z O ¥ x
TH 7, SETCHEIND). R. marginata [T # <, AR 7 4 —
VT AT 5 N ELS (Gadagkar, 2001), iE A EMiIc b o T
MRFIo2EEE2O0N, ThwwzxzVU—Fh—1F, A&7 4 —2 0NN
BTT2FTCEHMMICblEsTHADULENSD. I HIZ, U—H—
X, 2B =—=RRAXANTFOLIBRRMICE > TRARBEB DN T2V K
Enhky LRI, ®RIA - B B E0E 95 ThDH
(Gadagkar, 2001). Z O A, an=—%3 &M oTHR, D
BoOU—h—z2HEN THERBRZART 2. 20 X5 KT TIE,
BT —F —F, WORIERIZIA B LTCRTLIONTFRITE VD
T, AL TCHEWVWIEMNEZHFELZY BB TCHD EDE, 20 =—0
eHlZmmL TH LT, KV@mvwEIRE2zH2 22725
2. LB oT, BMNTEEFIBEMZRD S &0 L0 4 K%IEE O
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MEDREOZDHNLNLDLDNE L.

A L —o@EWIcE LT, e, Y~ 7 v F HF 0 AH*K
A4 =%, BMATEICI-T, BEMMY - —Z2@HrEdRvwoiZs
IM2INLOEMY - —FTRET, HHAY - —LEEXT, W
BIEB 2T 2T, TOHEELEK Y (FH 6 =), —JF, BMT —7
—, e, AIRIZA - EBOVHITEODICEMITEZ RS 20O
TAHAIM2 b o8BIz T o@BE L T, BATE O X KR
m<, falRazfEor> 2Lt EToOND. BAIRIA - VROEBMNY — I —
DEMITHZM LI R LERSL, HOoOVWEEVRET LY T 2 fmKRME
DEMT 272595, &6, #HFowMIcxTs2mPEL T, (1)
Y~ N7 YT IARATFTORFZFE I A - 1IRIRRERE ETIX(ENIT,
EFEAEDOT VI HAANF TR BN DS [Strassmann, 2001]), Al & 7
A =& X0V = —OHOMBGBERE W &L, (2) U—T—F
AAD T HEEDLIENTERNWIERETONRD., Tz, #AL
U= =%, IR 7 A — D EDEMHMFFEL TS O (512 A X))
EED O WEIZ, MEBEMNREISEZ++SICH 2572595 (Reeve,
1991). L7 o> T, BT —H —1Z& o Tl 7ML, A&
JA = DIENBR RO EFFFSDIEEEEZEZDNLD.

AKEORKERIZT, 2 Y - —CTavp=—%2HRT2RKHEHELS
WHh YU RNFICB TS, BNITHERIRLRDL FERCLE T 74— R
U—A—EIREHBL TS, 20 BO0HETHDL. Z0ENITH,
Y~ b T VT AARATFIE, s =—REIMHE- TV - —HOEEH
NE AL il A AL D EREMN SRR TSI REED > TV D
(%% 5 ®). ZLoE#H#SMEREOHSHECHLA LN TE
e, ZL 0P REENTVVEETHL. ARIOY~ NT ¥ F 0
NFOREILX, ATCE LA TCWE LD S, TV FTATFOMHE
BEDXIRWIZAENLICEATHD Z 277 T 5.
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5 U — A — o ®& R

5.1. T L ®IZ

Fim Cak X 7= X 5 12, Polistini, Epiponini, Mischocyttarini,
Ropalidiini @ 4 & CTHi K & 4L %5 Polistinae # B (7 ¥ F N F)
TlE, ot MHEEABDREE KIS, V-2 —BIZIEMS LN
% (Higashi et al., 1994; van Honk et al., 1981; Michener, 1974;
Monnin and Peeters, 1999). 7 >+ A A_XF OINENMH X, UV —F — [}
BT A HEELRIENEM, T 2bbEE, EFEY (mounting) , K
HCOWABNETOX) REMITHEZMMEEICR ST I EICE> TRZE
% (Gadagkar, 1980; Gadagkar and Joshi, 1982; Pardi, 1948). =
ONE AL (RS AIEAMH) 2R DIMEAMIE, — &K, MxoU—7
— ko THTbh 27 BoEBELIED 5. AREHOHEEITHMY
— I —THBHEW. —F, BT - —TRICHE E > THNEIED
ZATOoNn, LIELIERITE TH S (Gamboa et al., 1990; O’Donnell,
1998a). T oM R, B Y —D—BRESTZT 20, ThiTHNEIE
B R TAHAREH AR TCAEARAMNAHELZ NN L THDH (Cant
and Field, 2001, 2005; Finkel and Holbrook, 2000; Heinsohn and
Legge, 1999; Nilsson, 2002; O’Donnell, 1998a; O’Donnell and
Jeanne, 1995; Williams et al., 2008). & b {2, g B U — X — (%,
— i, AR A - LURFEFIIERZ A — v L7 b5 DT (Bridge
and Field, 2007; Jeanne, 1972; Litte, 1977; Pardi, 1948;
West-Eberhard, 1978, 1981; Yamane, 1986; Yoshikawa, 1963), &
L7 =W —FLEEHOF2EEXRTHERICEENR S (Field and
Cant, 2006; Field et al., 2006).

R B 2R R ToWIEME 2R ET D2 EERITEKEY A

A Tl 7 < (Bridge and Field, 2007; Hughes and Strassmann,
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1988; Pardi, 1948; Reeve, 1991; Strassmann and Meyer, 1983),
V= —DOWThrdreEBEZOATE L., BHFEHRTIEERY — 4 — 0
# AL T (Dew and Michener, 1981; Hughes and Strassmann, 1988;
Iwahashi, 1989; Litte, 1979; Pardi, 1948; Reeve, 1991; Yoshikawa,
1956, 1963), — 5, B M I HEEm Y — B — BN EANE LD
(Gadagkar, 1987; Jeanne, 1972; O’Donnell, 2001; West-Eberhard,
1969, 1978, 1981; Yamane, 1986; ). L »» L, Parapolybia indica
(Suzuki, 2003), Polistes instabilis (Hughes and Strassmann,
1988), Ropalisia marginata (Gadagkar, 1980), Liostenogaster
flavolineata (Bridge and Field, 2007) ® X 5 7%, #His b H 25 (E
B & LT, Suzuki (2003) ZELIENM & PAIEEZFH ~TE LT,
P indica Z3IRHEETHLHC bbb T, AR A - CREICK
WWE WY =D =R an=—2Z M LzRrLECTERV).
EY O 2O OBMB L L TIX, T 0D HAmAEN, HkHE
DHMBALHAL TN I ERNBEZLATYD.

IT 4, Tsuji and Tsuji (2005) &, #IZ X o THEAL 28k £ 5 4L &
BNEAL L, V—H —DNan=—%5l&fHniEEEo, an=—1©
TRIZA —vEDRIABFEMILIoTREEND E WS T
Sl BHEBTEENY - —F, AIRZA LR LTH, &
RKREITSICarer=—"EKboTLIEW, EIFoOBESNHIRS

D, WWEISE LSRRV, LaL, BEE TR, =

0
I
[

s

%< DY —Hh— ko THERIN, TRITERHHEZ S Z

R

L <
BFEns2oT, #VWYU—F—iF, EHRoOo-ODOEWHMmEFT R

e

5% DU —h—%PET Han=—%FlET kLT, HFHVOEG

T

% 5. & 51, Tsuchida and Suzuki (2006) I # s # Az O 4 & 06
JEALH X, KW R&EZRavg=—T, 2L CHEINEZFALAEZRT & XIT,
S LR T WD EEREELE. LaL, fh2mIEAH B T 25
EOMEIE, MBEMEPARHEAICEMT D MREEZIZEALZERL TW

29



HEICHEERETRETHSL. b, BBH O ITISET > F
HNTF O 943D 5 H 19FEZFICRE I T b (Arévalo et al.,
2004; Strassmann and Meyer, 1983; Tsuchida and Suzuki, 2006;
Tsuji and Tsuji, 2005). Polistini /% ( Polistes J& § — TH ik & 1
) T, AT —%F12HBEO > B O, 48 E LT ICHK
L CTW53d (Polistes sensu stricto, Megapolistes, Fuscopolistes,
Aphanilopterus). AL Hl 2 F VS HMB T 272D, 2< 0H

IR IBE, FICHECHEIAL TR VWEBICOBEI LD EO
BLEDNIVLETH D .

K #E TIX, Polistella HJg O Y~ N7 ¥+ A ANFIZEB T LT —h
—HottasWIEMAH ZHA N T D2 L2 AMIIC, U—F —HO4H
EWELIEMICH T H2HCIEOEEL Ay A XORBERMNT 5.
AW DOFEET, 2 DODRTHEETIIRAVWVHEHEZF > TWWDH . 1
S H X, Polistellai @ lC B T 22 IEME O HETH DL &,
2 DHE, BEMOBBMOREDEZ 2 AEEEZHD 2D, H 2
BETRRTEH)>ICBEHNMAFH EMBIZo T T LEZ L Th
L. ZOMHIICEo T, MRICTREIND LD, EMRED X =
X LNRERMWICENT D2 RSk,

5.2. 7 — X M F A

AT I, =2 B =—A® F# 121 KM MHB 24 M, =2 2=—8
O FH 428 E, a2 =—Co FH 1288 & M# 60 8, =0 =
—Do F#H 12KMe MY 72FHoBlELHENVE. U —D
— DR (R MIEMLHICS T 2 EPH MM 24 L TEML L LT, U
LR CEBT L TPTHIASERL LT, #8%H (E74
BER) KBTI BET— D —OWMbr) ELTHEIE, 47—
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—DOPMLIE L EHiE (K A X0HEFE) oF— 22wk, anm=—
A, D OFRIFEAACKMICHG LT —Z2HITrofRIT, TREOT
— B RGN EIFEEAERTH- DT, LOVF—2BEREWH
FOMmMN KR E R L2

ETOMFMEHIZ, Y7 P =7 Ny 5 —3¥ NCSS 2007 TH1 -
o, U= — 0Oy A4 X235 PAIE O %8, NEAIIC X3 2P 1k
IEF X OR T 4 X o8, EAIT B M E IR T D IEN O R B Z T
T BH7®»Iic ANCOVA ZH Wiz, EF LI, ki Lz 2 >0
K aZMAriAnvE., (1) PMLIEEZFIBEMAELZLITEY A X0E, (2)
an=—F8KM (F2bb, MMEFOCHERICE T 2 3w =—HoiEW).
FOWIC B LAV T X 3R R EREIT o) A TRATICH W .
ok ~72 2 LROM (FTbb, (DoWVwWFhns(2)DM) 2R
AFERADMAEEICRD LN EEICEF, a2 =—THEINICHEHEZN
Nl &b, MEAL, PANE, KV A4 XoJEICEA LT, FkLEY
— N —DEBOEEBEEBRTHIEDICUTOMmEMR -7 . (U —Hh —
DIEF—1) I (V= —0kREHE—-1). ZOFR, & EiddVITE
MICPHLLEY =B —I12iF 0, R FTMHLIWVWIEIREICHILL LY —
= 1A N b EALIT B EE & EAL o Moo BRI, AL
ITEVBEE DNIEM OEE L TCEI2NEI D EM AL DI, AT <
CONRAML BRI E b L. ZRET, BEZOE WY —
= FEEMITEEZS R T RN OO0 THEINLTWD
(Spradbely, 1991; Wilson, 1974). EdR oA o & Tk, FH L M
M LiCiro. Mo cix, E 17— FKEH 2T L—FOD
T — =0T HAT o T2

S b, BfTERAMMOY —F —lZx LTI ¥ i Tl TW
LOMEIMEMATLE. BLAFROY —F — 05U — B —1Z% L
TE2EBMAITHZ 7 v XAl mMIT Vs ERELEE X, BlE2INTE
KEHELDLDVWVEENLIVEVWHERGLNALD MR Z EMICEHEL
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T, MEEICK T 2EBMITHHEEN T VXL 0HL TWDNE DN
AT LT (¥ bbb, 2EHME). ZHix, BE<mbonTWDH I A
2 BBEAERBREEZITOICE, YU T AENEY ol OITAT -
7~ .

5.3. fE®R

5.3.1. &% 4 X & FAIE O B 1%

B1 7L —REFE 27V FNEHELAR2Y — I —0OfH Tk, F<
Pl —h—1FE/NEhhol (Fi1,19=27.1, P<0.001; Fig. 9).
Mz<T, V=T —DFEY A4 1T, ao=—EHKLAEHEREENR
i (Fii9 = 10.3, P< 0.001), PfLIE & =2 v =—0D M DK AH
EHIZ®E ) 572 (Fs16 =1.39, P=0.28). L»L, & 2 71— FIC
[RE L7ZMirza LcexiE, PBlEdrWnWidave=—nY —h—H%
AR KRETRETIES o7 CHILIE, Fi,5 = 0.045, P= 0.84; =
n=—, F25=0.888, P=0.47; X AEFMH, F2.3 = 0.433, P= 0.68).

BHL17NLV—FNICRELEMFT AL EE, V- —H% A4 XLPA(

O EBEITae =—@M R AL > (XEEMH, Fs,7 = 4.64, P =
0.043): =2 r=—B & CTlEF,EFHMcPbLEZY—F—1FEHEID,

FLLrIEABICHTVWKETIHTNE LoD (N FH P = 0.010, P

0.056), = =—A L CTHEHZzoIobhnrol (LT h P=1.00,

P=0.23).

5.3.2. U — h — [ o ELIEN

FH<TiE, EWMOU -2 —FEEBLIEMN LALICRYT ol
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(Fi,10 = 4.99, P=0.050; Table 5; Fig. 10). = ol X, &2 n =
— TCHREE->TZ. T bbb, 2= —10Xd8BIFIEI (F310 <
0.001, P = 1.00), FIE & =2 v=—0B O AHEMEHL E» >
(F3,7=10.245, P=0.86). L22L, HEITXEE, 2arn=—ZBn
ThREWMY — I —MPk EfftFroT02nnZ ETHD. Mx T,
INE WD = = ZENENM S B o (KY A X, Fii0=9.79, P
=0.011; = 7 =—, F310<0.001, P=1.00; X A{EH, Fs,7=0.282,
P=0.84; Fig. 11), T hixidt L7 & 951 (Fig. 9), < o H 4 T,
EWm T — =13 E NI holenrb ThHD.
am=—B®DOT7TH®HETOMNF TIT, ZEELMDIENMMS PR S
i (r=0.949, P=0.051). 7 A TR DM Tix, FALIE & JE A O
BMEBEIETAEE CIHEELS o) (r=0.632, P=0.37), kv —7
— &K EMNMTH o T2,
M#lObWEORETY — I —%2FD M Tid, 2an=—1ZBW
T, HWoU—F—1FENEMBE» > 72 (FLIE, Fiie = 11.0, P =
0.004; = 7 =—, Fe16 = 0.001, P=1.00; X AEM, F2,14 = 0.236,
P = 0.79; Table 5; Fig. 10; =2 @ = —BZ%H 2 7L — KRR P L 7
Mol TRHENLRIA). UL, BEEHY — 0 — B LM E ko
ZOolFx lavg=—FFCTbhbolz. 17 NV—FKEHE 27 NLV—FK%%hy
FEMN T, 2T ae=—ZB8BWT, JBAEPAIE OB o B %

A ETCIEEARAWZ EBHELENER s (B 17— F: PALNE, Fi.7

0.44, P=0.53; = u =—, Fa.7<0.001, P=1.00; X H1EH, Fa2.5

0.91, P=10.46. % 2 7 o — K: PAIJE, F1,5=0.079, P=0.80; =
7 =—, F25<0.001, P=1.00; KR BEAEH, Fe.3 = 4.6, P=0.12. ).
TE, HWMEMONEMEHE N, FH 1T A—KEFH 2T L—RKOREO
B RIEM O EICER TS EE2 T . FHTIX, KR&EhU—7
—FEEAMNIELS (EH A X, Fii0 = 9.79, P= 0.011; 222 = —

F3,10<0.001, P=1.00; X HEM, F3,7=0.282, P=0.84; Fig. 4),
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M # Tk, REhvv—F—BFEBEMAIPEL o (K14 X,
Fi16 =17.4, P=0.001; =2 7 =—, Fo16=0.044, P=0.96; % A {E
I, F2.14a=0.159, P=0.85; Fig. 11), Z h &V 14 XN PfLE & E
ODHMEERLEMDL TH D (Fig. 9). K A4 X EPIEBESL SO
WL, MEOBROVERKICER T L2HREELHY, TOALDODE D
X, AL T EEE THLDLIAREEND L. F 27— RIZRBEL
A2 L xid, YA X 0EBIHFBZICEN >N (Fi15 =
5.15, P=0.073). Ed L 72 X5, PIEOEBIZTAHEE TR Mo
7z (F1,5=0.079, P=0.79). Z#ix, 27— FANTIE, KIFA
AWML Z R D FEFERTHDAREMELZ REL TWD.

EAL D& WEBHOU — 7 — I Lo T, BMNITEHOITEALLENRNITD
N e, Fap=—bBWnWITBlEgshkt., —FK, BEMfDoEND
— 7 —F, FHobWEL M#lobWnWiEL, T ALEENMIITEHZ R
otz (Fig. 12). T OHR, EMMoOoE WY —h —12 8, A&

EWHEEOEBMITE Z2x L (F #: B, Fi,i0 = 25.4, P =

0.001; =21 =—, Fs,10=2.47, P=0.12; X HE{EH, Fs,.=3.77, P
0.067; M H#]: JEAZ, Fi,16 =51.2, P<0.001; = 10 =—, Fy16=0.237,
P=0.79; R EAEH, F2.14 = 0.592, P=0.57; Fig. 12). fflz, =&
=—BUSNTIE, KRbEVWEMITHEEZ RLZY — 5 —F & LA
Ll odz., arm=—BTIi&, AMZHE 3MOEEKD, &b\ EAMNT
A E (19F) Z R LN, KEMOU —Hh —b Z I8 »#EE (17
o) % % L 7= (Table 5). EfL L BMNITEHHEOMO ALY T ~ v D
JEAL A B, F#HE MBI b, E@Coap=—ZBWTAODHERK
T, 2 OHBATHETH > 7= (Table 6). ZHniE, M 2% 17
N— R EHE 2T L — R T TARAET~OIEMMBEMRE LSS
EBWTY, AMETH-o7=. 20O LT, BEANTEHHEERNIEMOB

WHRIEE R D LR RBRL TWS.
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5.3.3. BMNITEAMITOLNLD U — B —

FHlE MBloME T, HEOU —F — % LT, $IC 5B ICEN]
T8 Ak & vz (Table 5; Fig. 13). M# CTix, U —h — O # (1T
Bix, FICHHOEMOE FOUY —F —ZmiFoniz. 1 FMEHE
D OBEMATEIEE TR LESG AL, AMEORKRETH - 2.

JEAZ 1, FHTEEBEILEm S, M#ITEEREILES L. =

H

== R EITE o TE B DA AL O = A IE A H IS AT
xR LEEWMER, FHMNELSMET Y ANF TN E TIZ—

oo

b, AEMNERMNCTCHLL. Y aiEdlnwidh b,

&

AWwrkrfLaoo=—THEHHENEL oY, TOMHEBIIEFTHICEE
bdHholmZ X, Y~ bFNT VT HINRNFO KB ENETH DB L

S ® A &

AL TWD., 62, MU To R mEMNOESIEAMGIZ, 2

ETCTmor L 420 =—UTIZ, o 3 z2vp=—T%HtHD2N-o>7.

—

DE,AEERUMET 2000 CHBAB RSN Larn=—TbhDY,
B 2o03BHATBESRIEan=—Tb5%5. LML, ZhBHICE
W T B ERMAYE T E CEME EREICRE CTE RN (Y.
Ishikawa, unpubl.). Polistes J& ® /~ F X EICHEF 204 T 5 0,
I EREMOESIEMHAHEICHEKR LR E 2R L TH
L. Y~ b T FIARNTFOEMEEEZ XD ET, UTO 2 RICEE
WRETHL: (1) FHoORERE MBOKREROY — 0 — 1%,
LIFLIE, bR 20ICKkB LN, ZThix Polistes ®FE T L
X LiIEE Z YW 9 %5 (Strassmann and Mayer, 1983; Suzuki, 2003);

(2) M Mo b WwiZix, PIEE WS X0 IEEY A4 XIRIEN Z R D
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TWwWarbfhRrwn., EWH0E, RERT - —FH 27— F
WWBWTIEMAERELS B2 mMDBH 7N, H 27— RFIZEWTH
IR IZMEANL & BAR 2ol T D, LrL, 2L O7 ¥ F A
FIZEBWT, =0 =% A X FEAMAOREICEERD RN
(Hughes and Strassmann, 1988; Klahn, 1981; Strassmann and
Mayer, 1983), & < BAf% 72 v (Reeve, 1991) ¢ E 26 TW5. K
MEDOY 7 ik, L fmzlTc3bhedsro0T, 2
HINE ALt T 2K 4 ZDORBELMHNDO DD, 67K 55
NLETH D .

Tsuji and Tsuji (2005) ® & 5 /L T %, Tsuchida and Suzuki
(2006) » & z2 T, P japonicus |2 B\ T EmENMNN S & E

HEWIEMALG AL Lo Ed A TSR, Y~ 7 T H

(B

A
NFICBTDIIEMPEEA D= LORFMMNENREHRAT LD, U
— A=l TOFRMEFINDEICEICERL, LT OKZRKH
M T 5. Y~ 7 v FIANF T, AIERAADOENIKTNRL
(% 4 %), U= —2ND ¥ TdhH 57~ (Bourke, 1999; Shreeves
and Field, 2002), V—F —Nap=—%3 & LickdVU—
O HEBEEM (EI) oREEIELRD LT, MBIZIXE R
AW/ D, EBIC, 4an=—H 2anv=—0 P japonicus ® £
HAANar=—RKEOKTHIICERL, KEMTY—F—IT LT
glEfknin, 0T =0 —IXEINLEL. Al AXIT, B ToHEM
Al IR WTIE, ABEBHICL-T, 4EOFEEF INRED L
WLoABEWICEKR L WD Z ik, B AW EKR EBEDbR S,
ZTDOEIBRKRHNTFTT, PEYV—FI—llLoTavg=—»RNERIND
AKFE TR, HAMRNYG THREZIT S LV, AREB EZEL TAEHEW
W hzfes L, BME2 BT T, AIRAAELZRTDHRALZZENS
T2 LI0EoT, XV EVWEIEEZRDZ Z LR E X bNADL (Field

and Cant, 2006; Field et al., 2006), # £ A, V—H —IZ Lk 5 JE
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ik + 2800, FH LYV MBITRELS D2 ETRHRIND. Th
X, M#IiTix, ol othas® ) XFTR LD X HIC (Cant
et al., 2006; Dowing and Jeanne, 1985; Hughes and Strassmann,
1988; Miyano, 1986; Reeve and Gamboa, 1987), & {7 17 ) 28 JI& {ir
PEHI ToEEKIZAMToAL TWENL THDL. AV — 0 —1F YA
fizaz bFrrnwEksicBlbhnsd. ThiFERY - —EFEERY LN
MEL, EHHOEFBHICL > TEHNWEHRZZ T TCWVWDINDL TH
L. 2095 %, EWUY—H =%, ®mWIENMNZ D D5 H I E LN E
WEIOSRRBEDbRL., Thid, AIRAXRLEZEMRALELLELTY, Rap
TRV EDERBY =LV bzl L LAl N TERL
EEALNLINPDLTHD. Z2C, HETANZE, 2 0=—0%KH
MAEERO DZOICIE, MBIICER Y — 0 — 134 %EE LT 5 X
T THDHILETHD . RERDL, FilwU —F — 13K A4 XN K&,
AEEBICHAEL2 THL. LML, EEHEMY — I —I12 L o TlE,
AR AALEZRT DTy U 2220 ) BREN, Al AADF
rEFEBFIT 2LV BRFIVSESNE LHE RO TH 5.

—JF, FHI<TIx, B Y -2 —0EMPE PN, ZTHITKO
EolcmmlTcE s, ARAAOENIZ, MBICHT FHTIEHE
WO T, U= —Nave=—%2FH#HAg@EHITFH IR E
Ezxzohbd., ZOXOS B RHUTFTTEH, 2@CoOU—H—1F, HHEFI
X~ T, avr=—bLYVOBEHHOHKEWMSED LI EREK
rESLEZOND.FEBRIC,FHICE T 2 NEIES &I RIER T,
NEAL & BAFR B 72 7o 72 (55 6 ).F o & s B 7 © & W IR A X,
BB EO/NISREWEIFICESWY TN SN 52 (Reeve, 1991),
BEHIMEAL 2D HDBH TN D2BAMA T A NL2EBESTLIZODOHRD
FEELELT, PENXRHWSLNDS (Hughes and Strassmann, 1988;
Maynard Smith, 1982; Reeve, 1991) ® /b L AL 72 W,

M8 Tix, V=2 —1F, ECETOIBEAMALDOY —F —IZmiF THEAL
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Tz R LED, FHTRETALEEFIRR-Z. ZnF, FH & MH
DHWETHEWIEMH OBBEBIZEND DD L2 RmBEL TWD.
M#lcTo, ZoHEILX, 09— —DPAEHFOTEZELI»ERD D
ZEEE 26D (Cantetal.,, 2006). — 5, F #H o0 IE N H
21X, R. marginata TR 51 5 X 9 (Bruyndonckx et al., 2006),
B RN ZEB AR ESTIEBELNO IO LAWY (B 7, 8
ECTRT I, ZOMEIXRN> 7).

U7, BEARERA D =X L0 REMEMBEITST DHEH T, A
AR = —OTEHOFEMAREE L, ZDan=—o0HFFA
AR ERLEZRNDL I Lo TEFEcND. FHITERDGIC
AlEE A ADOTE ) % ik & ¥ 7 & % (see Reeve and Gamboa, 1983,
1987), tk=WIEMH N EL T 20 EI 2R D5 &, D5 WVWIELF
HMIZA R AR ZALEBNIIROVEBEWE®R EOTU — 0 —BNH% E5 /<
MEFRND L FIAKRTHL. MBI OERELTIE, 27 1—F
xtHg e LT, KA XLIEMOMICEDOHBEND D085 %,
et 247 50l +aohap=—Hz2zHWTMD I & xitm
RETHDHD. F1T V=KD WIEHE 27T V— K20 EWEZR%KIZ,
U= MY T 5 SIEME ORFBER X252 &b AHETH
5.3, BHAEHETTARAACKROBEZFHANDILENH L.

U= =t o TlRBEAREBRIT, o7 > F TAAFELS, ot
EMEDIARTFRONT AT, ZLTHIZ, Y= —D8P DR VHET,
an=—RKEZMHFoTELTLIERDRLD. 2R, AIRAAD
FEhidaer=—RZ0obWEIZTRTTILIETFPHTE, VU0 —1TXK
RIZA - 2 HERIELSRDINDL THD. a1 =—FFEOHIH
P YroOMOtESWIEME ORI, DV NF N T AT
DMfEHMELLUFEVICHEHBE T L2-DICmMD TAHADEZ 2 bND.
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6T U — U — oY@ S

6.1. (XL ®IZ

FimCTbd~Xoe, 7V FAARXAFOU = —HIZEW T, f
SWIEAE L, S ESERTHOR S EHBE L, HALY — B — TS
TIEH AT, BV - —FAHNEEHZT2ERANTEERLL
L TWdEEZ2 LN TX7~ (Gamboa et al., 1990; Markiewicz and
O’Donnell, 2001; Molina and O’Donnell, 2009; O’'Donnell, 1998a;
Roseler, 1991). S & IEE 1T, NW&HIEH & L L T, f@Kk»o4&H
() 7% % Wk & f£ 5 » T (Cant and Field, 2001, 2005; Finkel and
Holbrook, 2000; Heinsohn and Legge, 1999; Nilsson, 2002;
O’Donnell, 1998a; Williams et al., 2008), B\ UV — &7 — Xk D
ZHI A CEGME (M A FHAKREE) 28T 5 LERLLNLD
(Cant and Field, 2001, 2005; Molina and O’Donnell, 2009).

— %, MR an=—To, ARCKFTLIHEAEOKIT, V=D
—1HbEYVYODarn=—E2RKOLBERER (2 =—GFHE) M-

TET 2 LEEZE25H TW2D. Dew and Michener (1981) %,

Polistes metricus ® 2 0 = — /)b, {FR LA EMBEKZED R D,
FTOBEKEARERKLLEZLEETIC, Fhhldan=—o B ENENL

e Zl, BUARERTH-TTY = —ENMNY — T — B4 EEHN
B9 b5 L &S L. Strassmann et al. (1984) (X, P. exclamans
OHEMBMAEDOELTH, NEFEEBHIZHEFL TWEY — B — O %&H®
o NDH L ERBLE. WU XD 2B LI1E, P instabilis ®i%
oAk EERELREEEICHLE & Z 72 (O'Donnell,
1998b).

L7 L, Cant and Field (2001, 2005) ¥, # & @Ko KT, v

— A —1HbOEVDODan=—FHEHLET TR, BHEOERNTRZED
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ZEtEETFTALTRLE. TOXETATIE, Y= —iFan=—%j5
TSN TE, FU ) —ITRREDEINEE KR T D ERIE
BRI D2 ERELE.Z2DLEE,ZTV - —DOBRRKIFT2oOH 5.
(1)) BfFEEEZ2HD 57207V — K& BHIF T %5 (Field and
Cant, 2006; Kokko et al., 2001; Wiley and Rabenold, 1984). (2)
R EEEIH T 2 REME LT AD IO ICAENIE N AT 5. %
V==t oTORBRERIT, av=—%Zg Mk AmEE, U
— =1 EHH-YDOano = —F o =—H% 4 X, au=—%35
EMVWEBICAEENRELZE SO O AL, ZO0BERICKTE
+T5. Lo T, D —EFDO, U—H—1HEHH-HDOano=—%5F
T Lo T, HCHEBEONEBEEIELN D DT TIE RV H X IE

anm = —REORMITAH LHEKR TS E, AR A — O EHBIE
NPV EZTWDLDOT, 2L O = —PRELEZa2BE=—%75]Zfk
CZric@LbzEzxrL, TORDIZ

g1

B2 ol0, SIEE & P X
0T DY = — BN DLAREEND D .

¥ 72, Bourke (1999) I, th &M B HICHB T 5 arm =—H% 4 X0,
MEMBEHEI LAV RN —OBEOAREEEZRETLI#ETHDL, an
= —Z gl EMHATREMEIZ, V— A — [ O %G E S (worker policing)
RA—APNZHHEREEL TCWNDLIRERap=—FT LRI L2
fiL7. & HIZ, Jeanson et al. (2007) 1%, /¥ 1%, EEOZMHE
KRR R RE 72 97 8 ) kb (@ B L oZENT —h —BIZkwnw/h#l
Bapn=—fIcBWTIEX, ZO0fEIF, V- —18HbLYDOan=
—HmE (an=2—PLELTIHEE) TFLLWEEZXZLNLD) MK
W lkltmBomERZ N Lol (Thblidar=—0 KA
ftThELRT V) ChoTRESHND ZEERLE.

KETE, Y~ FNT VT IARTFORBLDIFHBIIKNT IV —H —D
FEE > ERHH L HEHEMELE. FTUOIC, TEHESDICR LT
HEMELIEMBEEL TV ENE I E, B b ano=— 5 EE
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BEFHl e MBI TR, BRT RS2 E51C, FHLEMHBOM
T, FBESCENCEEODLON, U—"—KLan=—%qg &k
SARREOZEEZRBRL TWLIAEMELID . MBIlOU — 7 — %

O¥MIZ, V—H—18EHLFrYODag=—FBL2EDIEEEH
nNigwn., &6, R TCREND LTI, V—Hh—1HEHDE-HL oA
Hi-an=—FBEOMMICE- T, B A& EENENL -

DT, ZOWMMN, EHAEBEOHABHHEHEOHEMICL S O, Fh
LA EBEARB OB ML DN @B L .

6.2. T — X RN FIE

AT I, BEBEEYH TCan=—A B, C,DDOKY — I —NIT oIz
SAETEE L NEEHOKEBHET — 2 & (F 2 %), B 5 8 TOMN
MO/ = — oM oW ERIEMN (UEITIEAM &L T), 2L
TN~y 7O HETZ 5 HEHWE (F 2%8).

BETORHKTITY 7 hy =7 /8%y 75— NCSS2007 TAT » 72. %17

B o % EBEEICK T HIEM O EBE ANCOVA T L. =50

Iz VB & o= — (o= —B CIEMAOEBRERLZNE DN
O 2FERNEMARAALLE. FBEEONBRIEBHEE T, B2 1EMD -
YO I E N&RIEE OB E XA BAENEO P ICHE L 2B

MWl 1RRBOEZVBHEICHBHBELLZ., 7—Z0ERMENRES L2V
EE U, AABABL THEITICHWE., B EHBELTHEREDLG

bhrwnweEEl, B an=—0KBEEROMICAEE R ABEIEHRN
WObeEx (avn=—[TIEMLOREENRE D LX) X, &=
o= —BICHBESONEIT o7, JBEMIZT, a0 =2—0OU ——8HD

EWVWOEBEYRT SO, M EMICHEE Lz (01X B, 1
X FMEZ T FE5FE). SHIC, Fan=—0KBEEBIZBIT 5
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TEHHEEOCEMAMOENWWER D200, EEEZEEERN, Bl2A
T U ANERELE ANOVA 2 am =—jliIZfT>o 2. 2612, %
U= DR ECHELEKRBEOREEG (BAALY — 0 — 04 % EE
NERWEFTHIE, ToEAETIEMEHBEEICHEKEL TV D [see
Bridge and Field, 2007]) IC#E WA H D0 E 2 E2 M N5 701,
Tukey-Kramer Z E L 2 H W2, T — X O% 58 NHEZ SR
W& & (3 # % Bonferroni i I (Rice, 1989) % & & L
Aspin-Welch ¢t & 2 Wiz, fAriE, FH L MBICH T TIT- 7

(% 2 %).

ANCOVA Z#z Hlw, BlEZ A oEWL ER, HXxIEMN (2820 %@
LCRELE) Z2HEHEL LT, Bl8A & MINIEM?EITEH O HE

IAREFTRHEELEF D EBITo2. LrL, ZTOMBKTIEZ, MH
Dan=—CTOHR~OHEWME Z KW T, BERLHIEML
OMICAERZAEEREIR DR o (MR T REBH). M —,
WENDbDoTan=—ClcBWTH, BIEAICWD L T HHXIENMMIC
ST ATHEEORBHEEAETETH I, TORKEEHPBEBHEIC
FoTERBZEMNMLAELLTCTWE., 2F b0, BEAICHDLD 2L,
JEAL N WEEIFEATHEENE I LICEEDY B Y. LER
> T, FOBETEREZMITICIE, BIEIMOEVOEENE N
TWhWwny, 2o 2 Lid, ST MECx T 2IEAMOEE % BT

DIZMEEZ AL SR,

—fRlC, BRI KBS oMo T, ERREHHMITCDE - T
HEREST 280 50080 28T 20T (Waldbauer, 1968), #
BREAICERLTWE WP R ELE, an=—RNKLELT R
(L aom=—F%) 2HE L. T, NEAYREHE I T D
T = —FHEHOEELZRARLILEDIC, an=—FHELLRE, aon
=—%ZK &L L7 ANCOVA Z1fT-o7. KIT, #HBERITBIT DU
— I —1#HbEYVOarn=—FHEELHEMBL, TN AEYREHRE
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CkRIEFTHBEEMITLE., TORRRBPAEE LoD (AT B
), £#BERBICB T2V —D—1HLBLEYOaon=—FEN, AYE
WREZ LEBEOE DD VIV - —FT N ZTRICEDIANEYHEHE
E (Dbl b 1ROEEEZ LEHAEKICZOWVWTO R, @HEILHE 17
VW—FRIZRERT %) orbn (b WIEHY) KEEZERIEFTL TV
MmEMBE LEZ. 2RO O0MHTIZ, HEENY - —%K o L X3
no—EEE LR L Lan = — BB (F, M #) 25K &
LT, GLMfgth a8 Z o, AR NLNY — W —F N TN DK
BE O L X%, EAEEBEES (F, T, M#) #ZERL L Tanr=
— 2L GLM #2147 -7. Z OB, AELBEMWOEVIIR
ool T, BIERHOEEZR W T GLM O R (2 F
W, ANCOVA o) 2R L7z. &bic, £$an=—0 FH L M
Mo —H—1Hb-YVYOar=—FHOEHEELEH L, F H L
WD MBI TEPo TRz, tlREZHVWTHANEL., ZOBEIZ
FoT, V=B —1HSLrYVYDODaog=—FHDOENWN, FiHl s MY
ODMOFBE DDOEWVWEGXEILTCHDEINEIDERNDL LN

TE 5.

6.3. fE &
6.3.1. #&K L N&K

F 8 <Tid, s EAEOHEBMET, BEMEEMLEL TR
(Table 7, Fig. 14). S~ A EMHE O ME T, = v =—[HTE
Wi o7z (Table 7). L2rL, AEWHRE, BWRWHRE, §F5H AR,
B, mMEE~0oRNEWREOHFHEIT, 4 20 =—H 3 an

=— T, U—Fh —[HMIcHEEEZNNH > 7= (Table8). =z =—A, C T
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X, V= —3ERMBORELFTFEEROLELL BITDRN -,
an=—BoBEHHELAELERIEIHDTTHEILEESG, BFEON
HEMHREORE LML OMICAEBERZMENED 5 (P = 0.012),
FMR T = — 1 EXTOREHEN®G NPT N, T OfoRNEKLE I}

"OXHEZTIEMNM EAERBEKREZ RS 2o 2.
M#CcRARNNEZEITE ORBERIZ, FHoZTNEFELTH--Z. M
MTE, PN - —FLPHEDSBRRROREHEENB L

(Table 7, Fig. 15), — 5, M EBHEFTIEMN EIZML L T, £2ToO
J— G =0, EOU —F — ko TiFbin7r (ANOVA: 22 o0 = —
A, Fs923 =9.33, P<0.001; = v =—C, F¢s55=1.64, P=0.16; =

0 =—D, Fs65=2.15, P=0.075). 2 &b & ToOHERIEE O HEEIL,

I
0
I
[

DEROEELIEN L ao=—DOROXEEHORED L
HobZITFTWhdrol (Table 7). WHKIE®E CTiX, HAV —7

BHRAB, ST ~ORNEWKE, MMEE~0ORNEDIRMKLDOH
WMEP®mS, £k, FERRLEIB~ORNEAYHKEHOFHEIT a1

THEEZND ® > 7= (Table 7, Fig. 15). i {8 &~ o & Ik W #
foHEIT, zn=—JlChEoHhziTofE, AETH-LD
oo =2—C OARrTHDIN, 3 an=—L2TTEDODHMBMNFED LN
7= (Table 7). 2%V, ARV —F — 1 CERWEREEE DV

IEERLTVWS. ATOU —F — i, MEMEBEFKEARLERRERI

N

B -7 (ANOVA: = m =—A, Fs523 =2.38, P=0.088; =21 =—

C, Fe55 = 2.09, P=0.075; =2 =—D, Fs65=1.32, P=0.27).

6.3.2. HATHEH LM EES

F#M Tk, BATHILEZHMOBAIX, 2 v=—A%kK&, U
—H—MTHBEAEEF AN -7 (Fig.16). am =—A TOH &% 1TIE

MH2MDOY =D —CEDHABRPATE LSl LEZILND
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(Fig. 14). M#¥ <z, v— 7 —MTCORFEEIT, 2231 =—TiR
5= (Fig. 16). Z ik, & 2 7 v —FK>2FVENMNT — B —»,

ELALATORBMER ETB S LEED Th 5.

6.3.3. WHEYHREHE L AEYWREMBMAKKIIXN T BT — D —1 BH

H7rvoap=—F8EDERE

NEYREBEE L am = —CHFAET D 5 B B oMK xE
ANCOVA TN LRI, an=—HBTRAELZZLERLEDT
(X HAEM, Fs.44=38.3, P=0.029), =1 =—§Z[E )5 %17 > 7
LA, ar=—B ERWVWT, 5 BEREMTIICoNTHE
MEREHEE LA EICH ML (Colony A, r = 0.78, P < 0.001;
Colony B, r=10.36, P=0.49; Colony C, r=0.80, P=0.001; Colony
D, r=0.72, P=0.004; Fig. 17). £/, RNEYHEHE LU — D —
LHEOEZY O 5B oMBREREICHET LEZEZ A, EO MK
NndHol= (ANCOVA: U — U — 18V O 5% R, Fi,a7 = 48.4
P<0.001; =21 =—, F347=6.5, P=0.001; X AEM, F3,44 = 0.686,
P=0.58; Fig. 17). WHEHYREBEAEK K LV - —1HDHLY O 5
$h i $ o B4R %E ANCOVA TRENT LR, V=D -1 D5
Wi 5 M OB > THEICUE WK TG YR EE KR8
Lz e mane (V= —18HbHZY O 5Hmsh B, Fi.am= 3.5,

P=0.067; 2 =—, F347=0.28, P=0.84; 22 HAEM, Fs 44

1.7,
P=0.16; Fig. 18). 7/, HEHE I XxZ Lix, AEWEHEEMKN 3
HErMHxl-ltdhholh tThbsr., EHEOREHEICEHL T
X, am=—D%KVWT, = u=—A, B, CTIX, V—F—1#Hb
o s BEEREMLEZEE, FMNMTHDIE 17 V— KU —F
— BB E 21T o 7= (Table 9, Fig. 19). = n =—D TIi%, f{#
KOG EZRD, 1 BEOHN S5 Y d o8Iy & E L 8
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L%~ (Fig.19). &b L&, V—H—1HbELYVYDOamr=—F
OMIBIFEEHEZH M S TN, ThiFdauv=—TEHEXDS
MU= —DNREHEZHMEETL LT (ZOMHKEREMN
RbLEMLE), 0V 1 2v=—7TiFX 1HEOLEMY —F — 7217 P&
EHEZHMSE Ik THRLETFONE., EEL, & 27
N—=FRDOU ==, REVWRELZ T LEALETDRN- .

V=N —1HbYO 5B EDOYHEEZ, arn=—-I1CL-T
I M#EYE FH TIK2»ro7 (Table 10). £ O mIE, = 2 =—D
THAET, 2r=—C tan=—B (Bl8WMEifLtricyy
THE#ELEZHA) TIX, FECTCE o7, —F, aa=—A TIiX
WoOMmAERLE., ThADLO/EIE, V—HF—1HEHLLEY OREH

KRNI W N, MBI CToOEBNY —h—0BEBOHME TIXAR W

Zox L TW 5.
6.4 E 5

M#ICTix, M7 =T — (FZHE1T7NV—F) PeToyBHsm
WHEE TAiT o7, —FH, BMNT - — (FILH 27— F) 4%
HELZT TR, NEFEHOEZ bIFEAEITLRN2Te.DFE D,
Y~ T VFHIARNFOENY —H — 1L, P exclamans (Strassmann,
1985; Strassmann et al., 1984), P. jokahamae (Tsuchida, 1991),
Ropalidia marginata & R. cyathiformis (Gadagkar and Joshi,
1983, 1984) L oML OT P F A ANFTHRES LTV D LD
i, BB Tho. B 27NV — U= —FEAMT (F 5 %), F
kanm=—%gl MWW TEIHEESLE2H/L EETICMHMA T (F 4 &),
ABREDEZMFT TS EZABELTVWD EEZXZLNLD. T,
BMNEEEZERRIRDEZZ T EERZ N LI THXFIN

46



% (Y. Ishikawa, unpublished; R OB LT £ < O &M H U A
FRNTAFTHEHME I TWDS [Contrera et al., 2010; Réseler,
1991). — %, H 17— FU —F — %, D@L E 2T 2o
Al 74— O+ 2HFBFTTDH. ZORRIE, F17L—Figk o<
mWRIE E s, s, BE1 7 V—FOEKRYT A XETH 2 7L —
FEws/ha< (Bs5HE), 17— FEF FHYTCosN®RIERHICI
S CTHAHEMWICHEL TWVWDLIOT, BHIEMBES TH > THH O T %
KT HEENERWEEZZONDDNE TH D .

FH o &Ed s Wi fFoBBEIT, A & IXBEEKRNS TR,
fETICHWE 42 =2—0D9 b 3an=—TBWVWT, W bMDU
— =3 o = —x0bH, W OO FEEOINKIEE ENEIE
MICBWVWTZOHEREGE»-Z. &5, MBI TR, £V —7— X
BHONEMOEFO@EKICH L CEHENREMITHZ R LN, F
HlTxEHI>Thho (B 5%E). ZhbofRIE, FHIeMHo
M CTHEMIAEMEH OKBIZE YN H D Z & Z2 "B L TWT(H 5 FE)
R. marginata (Bruyndonckx et al., 2006) TH b1 b K 512, FH#
TEFAREHLZR T EREMNER TWDI b LAWY, B 7,
SEDOMAENL, ZTNLEAHESINLD . HE 1TV FOKY —F — %,
M#ITIHTo7eo LRI, FHTHLURmBEIZEZENIE 5EK L
HoTWwaeEExobhnd. 2k, FHicBWT, Al A4 — i
AHBENDEZHER T L2201, 17— FU = =LK77 A —
VERDARRABPBE VWD THAS . EHIC, FHMoOBEEKED LR
BRIA - e 2R ATHEEHZEZNLIEL, 20 =—0
RIEHERBIN, TExanrn=—%5&HFTELTH, EHEMMEKD
AEFDRLSRoTLEIZLEREBEZXZLOND. S HICEEROOIL,
M par=—3FL, MEOCRAEZL, HEE, BHEAEAMOE O XK
BEZTRL T WEEZ LMD (Field and Cant, 2006; Gadagkar,

1991; Kato et al., 2007a, b). DO 7/-®, H 1 71— Ko KITaE
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FHEICEZHE NS ®ED2720DICT —F —L LT LMZERDZ2WNLE
Bboh o.

%2 DY —H—DFEHLET, VT—F—1HHELHYDano=—FEHN
KL< b trx@BBLTHERIREZIND EWVWIE X (Jeanson et
al., 2007), Y~ F 7 v F I ARFICEFTETCETELRY., RERDL, U
— I —HoEmix, v—Fh—1EHLEYVYDan=—FEOMD % L
TLbE NN LTHDL (V=T —18EHHZV O 5 EH R
E, FH XUV MBI TERWEIEIRLZRN-o7Z)., b, M TU
— =B AL, FTHOMBEEOBMIMb L T E R0
Jeanne (1999) X, V—F —H» 650 miEEZHEICL T, V-7 —1
BEL, za2n=—RELCHEHTLIFRZNELLZNRIZESL TH KR Z
TORENS, ThETnoEFEZHEEKITIRBICEL Z L2 T
ML, V= —HOHWMMITHES 2EOREIZT, UV—F—0KNN»n
RV ZVWHEIZETEHATEDEE LN D.

VU= —1HbOEYVDan=—RERFELOHEMITH T 2 RISICTH
WT, < OH 1 70— FU—h—ZTHEDREHE ZH NS &,
SHiIcHia e —CHREMAEERIE ML, L2rL, WEDWRE
ik ok KX, @% 38 T, M#MOE 27— FIZTREGEH %

W, Zhix, E2T7V—FOU—F—iF, A7 -0 T %

v

EHB T L5 L TCHENICHEHICEZEMNIES X0 6, @FIL, A&
JA—YDORLCEFHF> THFOIZEL Z & T mWIEIEEEZ/H
HZEmaprmgshsd., L2, b LY —A—1EHOEDOaa=—
FRFEIBAESNEBELIVLOEVEE (TR IEIMBIITEHE 17 L —
FZmyR<ZETERMICES S LD [Strassmann et al.,
19841), % 2 J AV — RU =W —BRHAKIEB EZH BT 20085 »IiL,
S%HARLIMEPBH L. FH 2 7 v— KPP LZErholczae=—8B
T, BEBHNICEMRY — I —FEABEZH LN, &Y —F —

NEEMzE L THAREHEMEELLZ., 2ok, L MBICH 1
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TN —=FREROVEWEELEL, B 27 L—NORY — 7 — B %
FBEBT A ENHERENS. LL, 28 =—BOU—%h—T4&
THE 17NV —FThHOH, MHIICEBWTIEAEAEMNIILZ2ZVIEEZ K-
TWwWa B bhsd., LER->T, LB 17— FRBPENLEY
ML b, 1 HAAWLEBEOMMMAEKL, AHWME N ZMHET L2720
i, BReWET2EErb L., 618, H 270 — KOG
E,E 17— FOWMOVEENMBORBEOELLIZEZ D NIZXK
STHRZRDZZENTHIND., H27V—FDOU =7 — N4 &EEH
BT AMERIL, F 17V FOBMOVBREEHIE VWL ZCEL 2D
L b %,

Al 7 4 —v R hEaBCcHCMRE 27 V- RRELhEELEET D
N, TLTEHE 1T V—FRKN, TOEECHB LTI O E W) BEMIC
T or@mBE LR 2o9F26n0n5. (1) 8 27— Ko EK
T, AEORKEES, MEH, RHEELOENLTSE LTI LICH
%h © & %5 (Field and Cant, 2006; Gadagkar, 1991; Kato et al.,
2007a,b). (2) Y~ N7 v F HARFOAKFZ A —iF, EEHWNIEN
EFHELS T, ERERL AL, LELERECT . #HEOHRY
E, R, BATH TIEEDS. BATIE, MERNLIY BAKZ A —
VIR OHAEIEBIZ L o TEBEBMICHEET LS. o X ) R TIE
I A4 = RBRPNEILKBEBZY, BRI A -V ICKDENTAZKZ A —
VEB 1TV R o CTHENZBEINEOHMIZoORN DS, L
L, B1 740 —FoWL b0 EOEBRBIENRMEREILD EL
o, 20K IEIERNR I A — v DDA THH LRV,
L, TRAOOMEOMKO FEOMBKEX, BAHF O & OIM
EE XLV EEWVWRLAL THDL., EFRIC, a8=—D0H 17 LV— KU
— =@ 1THF, Al&E 7 4 - CREBICEINICHKR D L (5 4F).
BAICBTLAF 74— OEGERETHLNICT 2D OBENS
BOMETLETDH D .
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TR AW EBRES S O E

7.1. F L ®IZ

tEMHB R oS IT, a2 o=2—Y 4 Xk o TENRT B EZ
IHE+HESB 2 b TE 7 (Alexander et al., 1991; Bourke, 1999;
Wilson, 1971). 4 E Tk X7 X o, M an=—0FED 7 A
— i, ar=—0ofEEKICH L THEBICEDE NIT Z LI X-o
T. —JF, R#ilae=—-%b 2B TIX, /74— I 7 =zr %%
HMWTvU— A —ZEzMmHI L, ZLTEFTY - —Fhovy —F—
DEMEATEHMNICHMEH T 5. ave=—H% 4 X0EEIL, U—F—I[H
Doy FE (R, AHEMCHEHET 2 &ED) o6l #H B L TH
ARonsd., M an=—E0O 7 4 — I TEMITEHICE » THEIE
BhoAE & R A W I H 9 5 (Bonabeau et al., 1997; Breed and
Gamboa, 1977; Dew, 1983; Strassmann, 1981; Reeve and Gamboa,
1983,1987). —F, Kl am =—FTIE, TnLZNDOY — I —»i
Hos2HMbasnB@BicERFL W T, BbHD o &G H)HE
FEHOMHEMIL Y AT Ao THIBESND EEZXZDLNALTWYD
(Anderson and McShea, 2001; Cole and Trampus, 1999; Herman
et al., 2000; Jeanne, 2003; O’Donnell and Jeanne, 1990). %= ® ¥
27T LT, an=2—2fKoFEZHEETLIMAEITELT, BED
LZWVWidar=—oMEAEICK > TRFVICH I BEICKET 5.

L22L, I, MMiEae=—2b o lBEMNEMLIMEDT I NTF I
BPWT, V= —0O5 Bt T2 4 —vHl#oOBEZFExHET 5
WA WL D0 R & . Jhaet al. (2006) 1%, Polistes instabilis
& P dominulus ® 28 =—/)0nbL,ZN0ZENDI A4 —vERELREE
TWan=—FHRNEKT LAl &b, ar=—{FH LT A
— Yy TClEH RS TV — I -k THMBINDZ EEEMLIL.
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O’Donnell (1998b) X, P. instabilis ® KL IZHEF T 5 # 1K %2 H
DWWl EElL, ThETHBIILIAPRKZEEL TR Y — &
— N, ToOoOWmvBEIrnLEEEKEERT LI E2RAL, KEREITZY
A —vickoTHiHINDLIOTIERL, V- —PNano=—FE%r
E#FM T2 ko TS D& A mK LK. Jeanne
(1999) I, Ml a e = — T BT A KEEIX, 20 =2—FHL HE
FEHEREITIAKBEAERKBFICL > THIBIL TV ETFTHLE., £0O
Hmix, MEae=—7TEF, V- —MPNanm=—FHErz#EELT
ZTOFEHRENEBEE~EZZEY, AREERNPOEREDEZZ TR -
DT &EFICHRLELETRIE AEBESREENN T 29— — 1%,
2 OHRE, THREZ2LOLIOMFLLIVEIREDEZ2Z TETHF L FF
STV BELEY T 58 ENH D MNDEL TH D5 (Anderson and
Ratnieks, 1999). — J, Polybia occidentalis TIl¥, UV —H —IT &
LM AT EICE o THERFEE SIS (0O’Donnell, 2001, 2006).
& b\, Ropalidia marginata Tl¥, U — 0 — O R ToOME L1784
BEE, SR EOMBICH > THIBE T 5 (Bruyndonckx, et al., 2006;
Lamba et al., 2008). Z o Z & X, V—Hh —MOEBMITEHIZT2 2 =
—WEEAEY DN BT - —~BRXDOEREL D DL E
AL, AEIEBITA MBS AT ALK DHEE RIS D
(Gadagkar, 2009). =7 L, R. marginata ® 7 4 — > B & 72 L <,
wE, tEmIEMAH B TR EM TRV 22 b 6T, I
EMELTWLIZEICEELARTNAIER S 2 (Chandrashekara
and Gadagkar, 1991; Gadagkar, 1980, 2001, 2009). A fE © 7 A —
e U= —OMOBEIHEKRLIEBESEBROMEFFICIT T = v F B
b TWwdafE 2 & 5 (Bhadra et al., 2007; Gadagkar, 2009).

Y~ T v FABARNFOI A —21%, R. marginata ® £ 5 12, 2 ft
Thdrlcbhrnrbod, ERZzMET 2 (F 4 5)., ZhidBEH
<, RIRVATH, L5203 ZoTEBIRICKHID 720 F I &
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ST LETFLNRD. —JFH, V—F —MWTIEEMITEICX » TEIH
AL EBHBEERMERSND (B 5 E)., an=—F EFHHIC
DHEEIAWMBEEN, BRERMTCEIEMY — D —FHMY —H — X
DR ETHITHHENZL, AXHEBLZTCREFEFT I8, £OH
EIZEW (Fe6FE). /7, b v oNEAWHREME T, 5k
MEEOBEBR™H D (F 6 3F).

KETE, 74— 85T —h—ICkoTirbh 2178 O M]HrIC
L-oT, Eddllan=—-FAEACKFLTLLT L AYEAREHR
DA =ALZEWLNICT D, FIZ, WEWYBREMEEZGENSG ML
TWLDZNIZERLE. B, AREBHICHT LDV - —L 7 4 —

VICKABEBMNITHOREENRND DO, BAITENIT e = — 5 E % 4
HRE~EHICEBEEZET 200, 2F0, BMEITHHEE T 5 RAK
EHELTWVWD2ONIZ DWW THERLELE.RIZ,HNEIEE ZIT 5 A1 L,
ZOBRICATLONESY = —OTHOMBELEFH L., 74— U
— A —BHAEBEERICH L TELPLROILESDZ EEZEH L TWD DR
5, AZBEERIIZORIIC I A —v U =0 =L EMITE 2% 1F T
WhHZENHBEEINDS., BRICRELELIIE, ZO0MHITIE, REWY
REOHNZATIC, AEBEEIZT, Fr, 74 -0 =0 —»bEN
TEE2Z T 2522813200, ZLIEFAEKEKRABTICE > TEREAK
BDiThbhTWasZ EEHLMNITLE., LT, ABRBEREEICTITL
HE Lol hBEoEBKEERATL., ZNICKk-2T, V- —BF
Napn=—FERIZETLIEHREZMAICRSGL T, TAICESVWTH
EMHREOTLODOHNKIEFEB ZITO0E I DIREL TWD I EDKGE
TE 5. b, MR T 5 RIS BEBR L TV E D
b DT
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7.2. T — X @A F A

FBEY (FH, TH, M) B T288L2HBI1C, 218 =—A,
B, C, DOKEKNBAT o o &IEE, N&EREZ, @AKFHEAEERNIC
CE LA ITEH O 1KLLV HEHEL, FBLACERLEZELS
y I LS bl R AT W (5 2 %),

MEE, Y7 v o7 Ny —Y NCSS2007 £ GenStat v.13 T
Tofe. FLYDHIL, REMERERER, /74— F3F Vv —7—1I
LAEMITHEELEEL TSN, TLT, A4 - ELETY—
A=W L2EMATHEEN 5B HLEEELTWVWDILE, TT
N ANCOVA Tl 7z, BMNITHEIZEBEEO Y 7T LEE BT
W25 » T (Lamba et al., 2008), »~F I > £ 5% 5 & & # (717 8 4 &
ODBEBELMWF Lo, Z O T, ~F I Y ERELKRE
DXHIZTTERN>TZDT (FH 2 &), WH LI ERDE K
EroMFrsH#HXkE., S5, 74— HD50VEY D —NEMAY
— =N BTN E DL TOEMITE 2TV, £ L TE 0K EK
i, BT EHEZ T L E/EHERD 2V IEMOE &RICE S W TH
HOMBEBAREL TCWVWDAIRBED DD, TOHNKIEEHEE(A
BT, WKk, B, BN A OSHAEEELZDLERLEE) L E
AT BV B E O BIMR b ANCOVA THEMN L 7= .

ANCOVA Tz =—Z L2917V, ZOMIT 21X 2 K 2 # & A A
2. (1) EAATEEE, (2) arp=—REER (0 BERDR
Moz TFHETHITHE M), =20 =—A, DTIiX, Al&x~7

A —rvPRCRLE (F 3 %) TOEBEZESTLIHZOIZ, 21 =
—DTHEMHBERAKR I A - EFERLERFICHITRL., £, an
ZS—ADRIFE I A — I THICCRLE., o TH TR MICHE
BLZOEF 2B Thol®d, P AN/l El, 0 2HH
DT —=FZEFMIEroBRWVWE. AREHOFTEFIRTHEHE 17— FIZ
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FoTirbh (H 6 &), £/, /A - OBMITHITIZEALEN
B 17— FRZxtLTifTbhizo T (FH 4%E), B 17 Vv— KR
G BEAAATEIHEE LB 17 v — NPT o 240688 E %2 Ml
W 7o

WIZ, AEIEBOBEATOITEH L Z ORI OITE, AKIEEHOHEZIC
ThobhrEfTHoEBEEZRAN, ToEBEItIZZOoHEHMB L .
BEIXZ L oW, EIETH O 1050, 5 0VWik#% 10 4 W
CHBAT UM ICT b Lo AT, BEMITH®EL EHEL L.
—HZLAITOLND2THOHEN KD 50 L0 2L 25D 50
EO M EBEHMIC 2 MR E TR

212, H 1 7V —RFRU = — %, s hhBENZNnE 3L,

il
=\

BFEEABROBZLICHEDREDOZ DO ONRIEE 21T 5 AlREME S E VM
EIY M E, 200 AR, (1) s e (2) = v =— 3B
BE 2 4 A2 AN m ¥ XA 7 4 v 7 E R E T VM (logistic
regression model analysis) T L7=. Z O ICE > T, 5
BB OEMIZHE-> T, RBR®ZBICY — 0 — PN EIEE 2T 5 EHE D
MR IEPHLNICR T (RS HR). 22T, 6o
WMICE > THEBERRBEERBEMNS 20895226 ANCOVA T
L 7.

7.3. fE®R
7.3.1. BEMATEHIC L o THAKRIEEHEE Z &M L v 5 e
BANATEN 2 4 — o U —H—DELEBIZE > TIiITbRLEDONIC

Mbod, NEWHREHE T, BUTHHE LLAE LR EOBEBK TR

7 - 7= (Table 11; Fig. 20). L2 L, BEKHEWI 2, a1 =—A
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DFE&TH, avn=—CoOMHY, am=—D0Danr=—7%iExHMH
W7 A4 —vickoTiTbnEEBAITEHHICEAL T, 2L Canr=—A
ECoan=—REFa2HMIcy — D —Ck2EBEBMITHICEL T, B
EHREBHEE L, BENTHHEELLAEDLDIVIETARICETEWVWKE TA
DEBRERF-T-. BMTEHEE L S5 REoMoBEKRETL, W#H
DEICHEREDOMBRITAR -7 (Table 12; Fig. 21). L2» L, H
MEREHELEBEMITHHEE EOBBKRICEISLET, =2 r=—A 0 F
ETH, am=—Doan=—FEEHMIZI7 4 - ITLsTITH
NrEEMTESIICE LT, L Tae=—C O ano=—%E4a il
U= =l XoTiTbhicBMITEIE, 5mhhe, A8, 5
WITAHABEIZEVWADOBEERE®H o 7.

ETONEEBHORE L 7 4 - ICKH2BMITEHHEOMIZIEA

&
BERhBERE o, —F, TV — I — I XDEMITEEE O AL,
ap=—C CHAERAOHEBEMN, an=—D CHELREDODMBEN®
-7 (Table13). L2 L, 2 u=—D CHEYWHREME L 5 Ak
BMOMICAELRBEBRZAELSEEZ1 Y =7 —fHEIICHO W T(E 6 %)
T BHE, oDFD, TOU—I—NiToeNEHEELZTDOY —
=N OU = —nbZTEEMITHEE L ORBREZHXTHD
E, AEBREOMHBIESELONA o7 (ANCOVA; R AEAEH, F28 =
6.14, P=10.024; [EJF o4 F+T #, r=0.983, P=10.12; Al 7 A
— v EHETH5 MM, r=10.070, P=0.90; Al 74— LRkt oOM
W, r=-0.027, P=0.97). T bHiX, /A4 - ELIFYV—F—ICTk
LSHMEREFEHOHRE O TREME Z G ET D

WY WREREET, 230 =—-D TOY —Hh —I2 X5 EMITEHHE
(EDOBER) 20T, 74— FEEF VD —DELLIZKDE
AT 8 & b BIMR D 72 o 72 (Table 14).

fiam e LT, BATEHEZ, REWREZHBHL RN LEZ X5
N, BWRHBRECOVWTHLRAKEHEESNDIBRTD o Y, K

55



LINEZ/N
Mol Z LI EERLETDH S .

HAFIVEABREER TV T, TR DL ENIT CHITE A

(|

7.3.2. AEWEHEOR BT Z1TH

FERABRILZ, ABEBOEMIZ, T XTOHE 17— KU —J—
THEOBHEBEICA L TWT, 20 50%xs 82 58E%245H»7~ (Fig.
22). LT E L, Z2L DU —F —lCBWVWTEI > TWE®R, &2TO

U= —TiEe<, 30%HELBx -0 1EKEKDOAHR (30.16%) T
b o 7.

HAEEBHOERZ CHBEIZEZ »TWEDX, oYV —H —~0DR
EWRME T, TOoRICHBE~DORAEYHE TH o BEICKD L,
SR IEI R, A —r U —F—~fERMHELLS LT DN,
L UTWR LR WNWE ZICH R~ L.

NBEATEH O 2 oFTOTE TIE, 2 OFEKTHOREMENES ®H
AL, ZOE®BE0%%2 @27, KL, T, BEAKRD D WV
T, S ~ORNEVEREIRODHEEIIEZ . T b 320DH
EoAFHIZNE AT, RELT, Vb —NARICKEFT D
LE, BEW, BEAM, A&, EE~EHERE (DD IEHE
~HK ) OIETIT Y EE X LN D.

7.3.3. AERBMBEONEDHREOE S L bR KO BER

FRERBROBICIT LA TERNEADREO R S L 59 B o BRI

an=—A, CT, HFEZREOHEFKEMN D > (Table 15; Fig. 23).
apn=—D CRHRAXEEANAECRDONTE-ZO T, a0 =—7%EE

==
i3

e TCHEHE N EToRLE A, AIRIIA - EREOM
MU, AFEREDOHEBE®RD o, 74— 0L RIT, %6 H
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DA =AALIZHLTEEL WL EEEXObNEL. 22 =—B TIi},
ER OB EAT O, bl R E o oy sk T &2 (Fig. 23).
IR OMFTFRRIT, V- —iF, BE, FEARZEZLEZLEICH
BFRICESWTHRIEHZT O 2O 2RO L L E2RET 5.

R(.,

7.3.4. BEABMBEEL 5 E S R Ko B K
BFHREABBEE X MR EBEMBLL T2 o7 (Table 16). =

N, V—F— I s5@mhbHicEkE S SVWTEERELAREELZ2L 220

& EIRIER T D

J A= FERLEFIV Il THEYHEHEENHBEA I LTV
LHEEW T oo ARIEEBHEIL, 74— FEFY —F —I1T &
HEMATE B E & —BICHEER R, LT, BATHITar = —
WE (RO FE) 2 ERBICEBES LR, —F, SEMENK
X, BE AR, NEYRE, ToRED ZMMEK~RET L 2L (F
rERthzdhh~KHT L) Z2ZOHICIT-RZ. &b, U—
H—E 5w BERZTVWELE, FBEARBICAREHEEED * £ <
Tole., ZThboZ &iE, WBEREFEHDIT, RET LDV - —HHLZ
FoTHliEanhTnWsrZEaZRLTWVWD . DFED , HEY — T —IZ
A Canm=—FEEFML, TRLICESVWTHEDREO HE =
#MELTWD., L, BEAMMBEET, 5 s mHEBEKRNL-
L EERLETHDL. ZniE, s hhFomn (ar =—
BEOBM) X, BEABRBEEINHENT S L 2@ L THRHEE R
HMESEL2EVWIB2XERETLH. IKRETCRLNEZY —F — K
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ISR X, NTF IV EKOEREFHICL Y TIEELLIOICHED
nr-. Lo 0k, a3 =—D0DOU —H"—ICXDENITEH 2K X,
FTHRNOEOREBHMEN 7 4 — v £ IFY —F — I X 5 EMNITEHEE L
gL TWnwhhrolerb ThHh S,

ABETRLET =203, DERKEa o = — TITo %I 4% 6K
HHIZE > CTHIE I TWwWd e o Jeanne (1999) @ 7l & 9 <
XFEFLE., EHEOMDRBY TIE, T 0 7T EXEFT 5%
O’Donnell (1998b) O H» ThH H. L2 L, O TH % &K E T 5%
F e, ERTHIRSES SN TLUR, e E
ThhleEb 2., MEHEan=—%2 b0 02N RT D 2
ET, S KEERIC KX SEMMYHEE S A REB R T L L
BDFIND. F, Y~ b7 FIARNFTIE, AEYM, ~TF IV,
KOBEEIZMZ T, EMBHEEOL-DOHNEFEEH CTH, K MEKA
FlZrLoTxzoEHIHFBINNTWDLIHBELHDH. & W5 DI,

BRAC e 22 2 72 0 (1

BHMBRELE 74— ER BT =D —IC X EMITEMHEE OB ICH
R olehr b Th D (ANCOVAIC X 2N, Z 2 I3t d).
SHLI, BMBIREZX I A -V EREDODTY = —ICREI N TWT,
REMEBKB IR ZOMB 2L THROFEHREZITO>NDL THD (H 6
B), 2hbL0ZEE, Y~ hNT VT AARFOHNBEHIT, ZOHRE
MofBBEICHD LT, AKBEERFICE > TEICHS L CTH#E S
nTWwsZetxrm®ed 5.

BMNATEHE, AEYREOCZDONRIFEEH ZH B L T W72 »oik
BN, EAATEN I, EEEEKEZ TS A EMENSDH D (Lamba et al.,
2008). 7/ A4 — v OEAMATEYEE T, 5 R (RBELHAEE L TH
AL ZENHE) OB EAOEFAERL TWEDO T, £ 0T
nwWEZLND. E
bodoth, NEBEHEENE E -7, AEMBEEIT, ShdofdERE2EIC
NEHEEZRDDIN 74— OBMITHLLOLIBESEL TS Z

B, WETHED K51, 74— OEMATEH RN
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ENEZOLND. B 2 T —RFRU—F —iF, @E, BRHNICHEL,
BT, REROBFICH L THEMBW 20T (F 6 =), HxFL
LTOEBEMEFTMERW., LN T, AEMEAERE 270 — R b E
MATBEZZTeE, Th (ZBEESELTOBMITE) & BH
LUEFONEISHEE DL L. ER, RETHEKD X 52, S & MEK
B, MOV = —robEMITHEZ T L, ARBEBENEGIRDZ
AT R o Tz B R RS 2S MR U L R 2l A 72 55 5 (Bruyndonckx et
al., 2006; Lamba et al., 2008 Z Z M), BN O H &k h & b I
EnZEE N ICRY, 24— T =D =00 OEAMITEEEIZ, 5
B LOfEREEOHBKZERTAIRBELH LS. TORRK, SEHE
EITEMATH L THIBINANTWD XOIWCR X DA ENH LM
Fhix, AT LETHD. 5% ORI, ABMEEIZ, Bigwnd
R NS RN ELE L OERICKE S TAREZREL TV D% AW
TLZILENMETH .

REOMETIE, WEVWREMEKIT, Z<0BET, REMICE
BEREET>72. LT, BREABRBRICADERENTDOLESH &
X, 5 ML EOBMERL -, TOMKIX, ZThE CMAET
FHEErO N 3R, 5%, AKROHME AL =X 5 x5 T
LB, AEBEAEINAKEEHBE T S2ATICMZEZ L TWD O, £LT
TERBRBEBCADERENTTONLEEH AL 5 R LEoBEBRERE
IO T VDO EHRNPO DL, FEICHEDRFETH A .

Jeanne (1999) (X, kMR B ICB T 24 %EH A I = X AT 2
EEOL, Thidan=—F A4 X TIKFL T CEHLT DL THLE.
TRbb, MBI ar = —TIix, SEEB T, AEKEKE FICE -
TH#E T, —FH, RKiae=—7T1F, AKEBEEKL, 212 =—%F
EONBREZEDIBMESLCHREYZZTMDIMBEREOHEEIC L > THI
# &4 5. Jeanne (1999) (X, T OEWMIZ, WMHE DA I =X L D%
RICKESE, M 0BHOY - —HKEHICTBZI2ETFTHMLE., LM
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L, 2T EFELHESISNL TR W, MSTAREZITH> T >V F I ANF D
U= —HN 50 EBADIEIEHCT, ZLOETIEELL TH 30
HEBZAHALHLWTHD (Irif, 1995 Jeanne, 2003; [, 2001).
—F, MYTAFEEITOAXANTFTOU — 7 — ik, —&IZ, 100 5
i %2 5 (Matsuura and Yamane, 1983; Matsuura, 1984; 2 /#,
1995; Jeanne, 2003). Z N DO DA XA NRFLRKMMEREaE = — % B
DT VFHANFTOan=—FEICHEY, ABREFEHHEO XD =X
ANEDEIICENT 20T REBEELS, SBOMAENFLN

5.
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H8E I A — v OENITE OB

8.1. [ L ®IZ

an=—H% A AO/MS SRR TIX, 74— 0%, BATH
AEMAERKLI2ES AR OMBSIHMFFICHE ZEXMO I TE R
(Breed and Gamboa, 1977; Moninn and Peeters, 1999; Pardi,
1948; Reeve, 1991), ¥~ M7 ¥ F AN F TIX, H 4 EOMITIT X
D, ZoVWoltBBITR2rWI EPAHLNITR-T. £, B 7T EIZ
BWTH, 24— OBMITHIEIZ Y- —0RRELHBET 58 =
bawnwZ e ashl. FE, B78ET, BAHEEL 5 W R KL
ODMICAOHEEN LI LEIRLAL Z LB ahoslc. ZT0OZ & IF
BEANATEN X, ZEEEOY 7 FrELTHVYTWDZONb MWD
& (Lamba et al., 2008) ZW x4 5. EWoH Dk, 74 —rzxzagi
RIS NAORERBMABL TCHELZLZIIADLEDLSTWVWDLI LT
oD, HHZWIE, EARITH THTHWVWWNLDL, &Y =7
—NfroffEEE Tz RTEODOY T T ALTH LN HEN
W, EOREIE, VA -3 KRELVIEZEORNORE EZ D

IR

SO BFERBEEBREIATODLMNAR Y. BIETOMRT TIZ, NF I VL
KEODBRREZRXR TE o, MFAARICLEMF»L, £
NHE>2NWTOZ A —OHIBMIZONTEHEEWREL L2HEL R
Mol-N, "NTFIVRECLOWVWTIE, TOHIEE I A — 2 PITo- T
WAHEEEE®H L. BDHWVIE, A=, U—Fh—FEIE ML T
L0 BMITEHEZHE > T a2 b Lz, TOHRAET, E5Hb D
WIFIRE RN Z N E, VA - OBEMITEEER &S V2D M.
COETIE, ZJA4A—-— v OEMITHORKRKEZE LI LD, £3, EN

TEORI% TV — B —DITEICEAREANEZ o TWD %M

R(.,

Wi, BAITHHEENEFEABRBE DD VIV - —D 7 4 —
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VDR DT HAMERMEOBEEA~ARELLITLTWNDNE
PRV I i 21, RAOIWH L WVWIEhBoFREEMEDL S

Wi EEER (ZFE) APrEMLTHHEECKAETTZELZH 2 &1

il
=\

O

FoT, /74— OoBMITEHA SO EZVRT WL EHD, £ oK

e O fE B8 » 72

8.2. T — X A F A

am=—A, B, C, Do srAMmirr —%2&, Er~y 7 M"bH
EERBEBEBIOCEBEOT — X 2 MATICH W (5§ 2%F).
FT, B1I7NV—FRU =D —N0»n, BfTHEZ A -0 b%ZT 7
LE, TOHMBCTMEITD TWVWDINERANDED, AiZTLETNIC
BWT, am=—Z20CIZ, @A, B LRSI ICTEHOMEED O HE
EhafmazER L. B AR, WKW RME, A ERIME, 24% (2
TORBEOHNKTHZEL) NEDRE, KR RE, BME&RE,
RWHEDOZZWHEIZOW TR, BMETHORMBEOHMEIZENH 50 &
dME R T AT 4y 7 EEET NN (TEEE R, EAMITE RO X
ZATHOMMSHE (BMITHOPF TCZOoRCHRITHNALL LY
aoRE) B, BATH (BALTEH O T TZ ORI RTEH N
Rohrhaodlaltokw);, % 2, fHEE) 2HVWTHan =
—THEZEHMIsicmm L. 2L, ST ArERPARDO O B
RN T ERWE I, EAOEREZ AN T IC Fisher O E 8 i 3
i & (Fisher’s exact test) %17 o 7. o= ®, BAMITHEHEZ U
— = bZFREEEIIOVWTS ERRERLELI EEITo . X
BEHE 1TV —FRY = —F TR DIlE, 74 —21F, 27
V= FIH LTI, BEALEBMITHEZ RIS RVWED THD (F 4

=)

=
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w2, H1T7 V=R =V —OFREABRBEECHT L, 74—
DENATEHE OB %2 ANCOVA (B A %, S mEE; BKE, #
SR AR, BMEE) 2y, arn=—ZCic@#@HAAL. AU
e ExE, FE1TITNV—FRU = —hb 74— ~DRKDEMLEED
FUOABHERBHBEE I L THITY, Thbitxd T2 74— 018
MATHHEOREBEF L. OO, 74— O BNAT ) K E
DRbVIZ, V=T —NE 1T L—FYU = —% LTI bhiz
TEHEEEZEHNT, EREE LA ZITY, V=T —OEMITH O
WA LW

%1, B, %, FHiw (1, 2 ) R, i (3, 4 )
ms, KE (b)) Bz TN ETZ A -V BRE 1T V- RT —F

e
l

— AT > TEMITEHHE L OBEKEZa2r=—T LI ANCOVA (it &
B, BATEMHE; ZN, BEHH XEXE, SEFEREDL DV

0O

T2 EOHR) THANEZ., ST AERNEL B T, &ETORBT
L
<

ML EEREHET VR TEEETAEZHWT, TR0 EHE 12T 2
bBLTWX, ZOH)bLb0EENNPHEERER T »PEZH# 5 (GLM
SHTIE) X Lo T

8.3 TS

I A4 = PRBMNMATBHEZITIANIICY = =BT > TWiirT®Hh T — &
ZWATENIE, BEALLDEEFICEWT, BERHIIHDLL TICHER
M T dH o (Fig., 24). K L - Tk, 4% DD VxS0 4T B
N, —FHEHEIPBVWVEALD-TZ. ZThbHIE, U= —0NIT o7 E

MATENIZ L & Tk ¥ » 7= (Fig. 25). F B & B B L TR, #
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MATEH N 7 A —iCkoTiTb el E&EThH, VU—F —I1C Lo TAT
bhitHsAaTh, BUNITHORTHENZILEA LD AEDLDL Z &
E <, BATHOEEIIAEE CIE 2277k (Table 17). —FH, &
AEATHIZONWTIE, 74— b 0EMITEHICOD W T, a1 =

—D®» F, T, AIRIA—LRHBEO MBUNT, TOEEITAE

i

7, A EICU < (Table 18), UV — 7 — 2 H4HICHLS BENH - /-
L L, BETRZZEEF, BAITHZZ T LT L AKZITHR
T LHLEWVWI O TR, EREARICHEELLEZHGTIHE TH - 72
(Fig. 24). Zh Eti@FxtBmic, V- — L D2EBMITEHIX, 2802 =
—DOAIFRIA—rvLRkBEOoORMER T, UV—F — %4 &KicEL
E LR o2 (Table18). = m=—D TV A4 — 2 EkRKBIC, 7 A
— UL OBEMITHOEBITIAE TR, U= =056 0OENMNATH
DEBIHFE Cbhb-o7m. 2T, TRk M# DWW ar =
— R RHOFERLER . LML, IOV o M, AlHT A
— LRV ESTZL ) —DDanr=—Thdbarn=—ATEARLGNI
A /ENE N

Nz, ThaMm+T 52, REYWRE, KRDERE, BV ERE,
WD LBRECHDT THEAFLEERIX, UTo@mY THD. AE
MBEETIE, a2 r=—AOT, M#ltan=—Co THHIZIZ A —
DEMITHOREREENLALLNL, WREHTIX, a2 =—A D%
cpr=—%FHMT, LT, 28=—CoOT, MPBKE\THE
2, THRICAHBIZCEWEENR S L (Table 18). L v L, B E
BRELINED R LBRETIE, TEALEEDapn=—T, 74
AT OB TR oo, BHME & INHEY R LERSEORBRTE DM
RO PHEITIWTRLE REL, 2AKITHRZ 4 — 2 OEAMITEH O #%
EMmLlzoZ, NEMRELRRYEREIE A LD LEEZDLN D .

— O E

—J, U—Fh— b EMNITEIICOWTIL, 22 =—DDAlIK I A —

Lk ERE, REVWOLDLI L, TLTREYOEBEIIWD S
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T, BEAAITE O BB IX e o 7~ (Table 18).

8.3.2. BEAMTHHEIMHMERMELFTEARMAEIC LT T B

Wk, AEDREOHEE X, BMITHIE I o2 K b I
AR < (Gl E 20% K ; Fig. 24), BT E N 7 4 — 12 k- TAT
bhlmH A& Th, VA —llXoTiTobhHA&TH, BAAITEH O
BHMEOBMICHE-> T, Z0b0RM®EITENZI D EE Rk
(Table 19). & L A, zm=—Z ko> TP LILE.

BMNATHOHEREFRAMRBEEICLET T EEE, 74— b0
BAITHICOVWTIE, an=—C TE2REFHHzEzEL T, U—0F—
N OBEAMATEHICEWTIE, a3 n=—C:tDTLELrEL TAHE
TH o7 (Table20). L2 L, ToOMMoOEEIT, ZE TR

> T

8.3.3. HMITHHELENOSEFTERELEDL D VIFTERFEHLOD

B 4%

J 4 — L OEMITEHEEIL, 2 o=—A0OF & TH, au=—C
O MBI T, I EAEICEWIEOBBIR % -7~ (Table 21, Fig. 26).

ap=—ATCHLeLan=—RRFHEAE®BEL T, 3, 4 L& b EDEH

R

rfol., 1, 2 WO BEBIOEERIZT, 74— OBENMITH

e

EHEBERBEBRIET R, — K, U — 1 — OENIT BB L,
ar=—AOEERFYMEzEL CIHHLAODHEK, 2 n=—CO4
ar=—REYMAEBEL T L EDMRZF > (Table 21, Fig.

26). TNUNICHERBEBRITEL Lo 2.
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FEAEDORE, 74— IXDY - —~OBEMITEB N E -
B, V= —PHERECHETDHILENEZI Rl b, ZDOF
AT, V=D —O0HAKRITHZRITZBRDNDL D Z LV TND.
ZLT, TOI = —3FHAEOoOFTTHLHRRDERELRNEYRECE
iEFELE., L2rL, ToEMITHZZITTL, V- —34K%E
HFTAT O DI TR, TH2HFHFEFTHEETH % TH L. o, BT
Barzid sy, HxREITI2DbIFTERY. O, 74— UIF
A EERLELILELODEMITE:LZ L TWDH O Tidh<, BIEO2ZEKEE
ZF b E TWD AR & v (Lamba et al., 2008). A & 12 &\ T,
I A — v OEBMATEHHEE RN WML R L DOMITITE®BFRIEAR
<, LALEFLEIAODHEBPANEZ EZ2EAD L, 74—
E, 99RO EREEBEZL2DOTRL, BODOEBREO R Z Iz 2 TV
HEEZLND. BT BHEZ T LY — 7 —1F, BERABICL - T
BrrhhofERRRE 74— OB EEROWF 2 K, s&
2N ES ML TWVWD EEXLND. LEL, BATEHMHE
B, At KEE, HNEDREHE, RRDEREHEO L L D
BfRiTerolclcd (B 7 %), SRR EDO EEZRIZ, $hHhoffH
KK THDY, 74— Pb0BMITHIEIAMERTHL EEZXZBN
5. MiETHMAZEIIC, MMICEEEKOHERUNBL R 0H 5
WITHELS RS L, YO BERBEL Z A4 — 2 O EREEIX K
TOHEMEREWED, AKBEEZTZ A - OBEMEE L IEOBRMR
oM N H D (Bruyndonckx et al., 2006; Lamba et al.,
2008 # & M). ToLbg, AEEFE, R, 74—k THIEX
NTWVWLDEI2CRZ2OT, EFENLETH D .

— 5, V== O0BEMITHIZFLEALOEAER IS, 2
X, BT EAEZ T Y - =%, BT B AT BmEN 7 A
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— VI = —=ThbiIbNEHNTEL I EEZERLTWVWD., U—7
— L DOEMNMAITEN LY — 7 — 05 OBEMITEICK L TRL > 2 RIS
AT ZEeERHbNICENTEOE, RombdBRBY, =MLY NTF
BB WTEMO ToOZ & Thsd. ZoO@siE, 74— DHRIELIT
oI rbani gy, HDWIEIEREOR KD MK OEWIC
£ 500t mie vy (Matthew et al., 2001). » 2 Wik, U —F —
DATOBAMATENE 7 4 — 0 DT H>BMNITHTHTH LOERH D A
BEXHY, Tz =D —FRZTFTVLIorrbmbarn. &0
DL, U —H — X EALATE &, JE S o fESLHE R O 2 D IS AT D
Zxt LT, ZA4A— Vv IEBEELEBERADTOTHLINL THDH. 4 M
DEETIH, TOEVERLVWEERL oD, 5% 05 L WHE ST,
T zHONICTT 2000 MRV,

Ntk ae T 20 E20HEMEE LT, 74— o®MNITHEICIE
DN, U—H =5 OEMATEICIT D RV & WD L, # AL
TEEITOMERBEHE 27— FTbHd T, M#HITIE (H5=),
BMNITHEZZ TRy - THIEMTHD EEZLND. &
ERe, V==L OEMITEIZIEME OMLHERFOZDD L D
T, ZEEERTLOTCEARAVYALTHDL. T LT, RIT, LEEE

> ——

o3 L TYH, WIS THDH. L 5DF, B 27— i, &

REIFZH > TWLEAETIEE ALLE

iy

Ik

Wz Lk (6 %E), =
B DOAEHICTFIEALEFELELADLE 2 70— FICHEMBEBWN
L ERDEREIIELALARY. T LT, AR A —rBEETH
W, B2 A RRENT D LY, AR A —viCHEELT
b o B EMEICE o TEHEIEE EOFBERA KT VWAL TH
5 (% 1E). LiArL, FHIEBLTIE, V—F—3+_THE 171
—FThHv, BATEIFZIBEMCHEHELEFOLD ICEEDLDL TR EZ
5 THD (H b ®E)., LrL, BUITHZZT THAKRD D WVITH
fiGOBHENEDLDLRWE ZIAERD E, HOEBREL, HDHWV
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T, BOOEBEELLEZTVWARVWELE S THDH. BESTIE, FHO
U—H—OEMITHOKBIIARAH TH 5.

J A - OBMITEHHEEOHEMIZ, —Hoan=— (an=—
C) WEXoTlE, EFEmRBROBEBEZHE M. 74— OMEMNIT
B, RRICLXo T, A ETHRLSBTEARZRETIENS 20
MmbHN NN, BATBORKICE W TERRBROEEICE T
RN T, BB AR EE OB, 84T BB E o8I E 8K G
LicbFTClERIZE>ThD. £, 74— OEAMATEHEEIX
2R =—ICXo Tk, SEMSBENMEIDERMY, BN XD &
L7, ik, BATEHAEEEZRL TWVWD I & O WM L
LN, BTOan=—ZBWTEERHFHETTHLWLYEZ D X5
ol TR, i, EEEICE, V- —0 b0t L
thomBoBbEELTNWDLINALTHAI. 74— OEAMITEHN
BERBIZESI WS L2220, I, 1RKRHESLZY ORKEEXIT
ANEHAMEILL TR EEBMTELNEZ 22 0BHIL, 4
BoOoBELHLIMARETCHL. 74— OITEHOFELWVWEELZOD
fRMT S LB & S D.
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)
©
I
iy
o
I
s

Y~ T T IARTFTORIK I A — 0k, BAITEICHES 3712 E
A L. BAIRIZA - DR EoTFELELT, RIRVITHRKIZEHE
BEICBAILI P LA AW T 2T o fHAREXL LR, 2
NETIZ, TV FHITAANFHTIE, 74— IFEMITEHIC X > TIENM
fl e~ L, EIWZMET 22 mboh &, BMITEHHICLD
RNJFIE T REM S 21T O o WA X, Ropalidia marginata > \»
T 26 H C©& b5 (Chandrashekara and Gadagkar, 1991; Gadagkar,
1980, 2001, 2009). £/, Y~ b 7 v FIARNFTRLNEREY 1T
i, 74— DOENERT VT T LOMENREDLIENRFTBRIN
. 2920l EFTADRIELT VT IATFHTETND TTH D,
ZL T, ZJA— v IEMITEZ, BOOEEELYY — 1 —IZ52 5
FEELELTHHLTWD Z EBn RSNz

—F, U= — DO aWIEME X EIREME RO . FHICE
WTIE, EWMEMTHTn, MBI EBENM o7, BET
AN TF TR EEEREM LY, Ml ok, £, an
S ORFEICHEo TEMBMN LD EWMEMICENT DD ERR
ENZ MO TTHDL. ZoEAIE, U—T— %K Ok
FES N 20 IsE 2R KT 2B, DE 0 AELEIKZE XS LT
it Bl © % 7 (Field and Cant, 2006; Field et al., 2006). > & v,

M8l T, HFWI—h—1F, 74— OBk MEICRD L EH-T

EAEZRGFTD2EDICEFEEAENAEbRNES L. £ LT,
fEEBIENH O EALic A S L. —FH, EwmY —A—1%, Th

FTCONEOEDOABMEERBEICED T, BHEICRK D
Tl ELETODAKLEANZICHEL CAFEILEEZ R D D KK LT
sl ZE2obhD. —FH, FlcB W TIiX, 74— 0ifhHna|<,
FOBMWE IR D AREENBE N, HEWIEME T H 5 R 8HE <,
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ETCOMEEN, 74— DFDOFHFORLDNEKENSKMGTITHSFEL,
DEETAARTH o 2.

fERETBICE LTI, V=2 —1F, BODREERAE THANLZRER
RE R ORI (FIC5mi) L7 A4 —v b oEBEMITEHICK D%
EOREFEICL> THEBERZEIC, BEKTLIDEI DERD T
WL ERN ot ZTORKE, SWSBROBEMICHE oo TAHE YR
EHEMNBEMUE., V=T =2 bL0EMITEHIZ, 24— b oOE
MATEB L RAY, vZ7FhreLTokdE, 2 0E4%EHiELT
HZEE X o, ZTOXHIT, U= —FTNENMN, ML TH
BREOREZRL TWVWD I ENREHNTEZ I LIE, O'Donnell (1998b)
Ushipgmmole, FplIZ, EEMIC RSN LT ZIOMERHNO TTH
D .

ok O, Y RT VT AANATOMEHEEIT, THHETHDL
nNr-EEIRZ2Y, MO Taz=—27Tho7/. L2L, 21 =—73
B bR MEMERERMEDO L, HEEOTU — I — 1T X 25
WML E, WwWhERT 7L TOI A —DOREYITE, U
— W= A = OBMNITHOERFHDOEWICONTIE, ZThAETE
YWV T ZEICEBLTHEEDDDWVWIETMITI BN IThbALTI ot
HDTHhDLHAREELDDD. 4H, TOVokRICERLEFELVEE
HoHZWEaHEaT 228k T, ZLKOBTHKROER® & D50
b AR

B2 TN=FB I A - OR®MEBACOLDBHBICR DI LT,
J— = HERFEFICLAREAEHLLTCNDEE DN D
(Bourke, 1999; Shreeves and Field, 2002; % 5 ®). £ 5 Tho 5 72
5, YHOU - I —F oIS E W TIE, AR SNHFES
nWan. £, D—F—%B¥¥H 20 @HAELEoFEICEB VT, LIF
LiIX, V= —HoLbZrWERBEIND. TH>0noltl&lL, VU

— BBV ET oM EL TR AR Y. U — 0 —
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MAZVWHAT, BEORBET VI T AFOLICEHREN T 5
B, U—A =P nEHAald, BHEEFEHYCORLDBEICR D E
AR L2ARMELZIDL. Zhbid, %0 KHLIPFETH 5.
¥z, MUHRBEOXHT v F HXNF Polistes nipponensis I, ¥
~ b T VFHAARNFLRLLEIICT = —HEBRZVWHETEH 10 K IEHT
DAy (R, 1995). ZOFEMR Y~ NT T A AFLEMEUL LD R4
SMEEZRF > TWVWLINE NITHKEN., 2ZE2L, Y~ T - A
NRFORBERBO TBLERLVLVOIECH LT, FRT ¥ F AT I
TETHDZENMBALTWT (2, BRE), taMEITR L - T
WL EREMEL DD

U — = EIIE, AROBETIT 1 EEESNEE T THo 2.
ZLT, ZOEEFNLLZINIET, 2RI THELEL., L2L,
B2 — Rk, HICARZIA - ORERLEEMf> TWDET Th
K, FHY U 2O ITHBICENL WS AREEITFSH L. 4%
O TIE, RMEREHEDOI &R 0BT, &2V ITFEM
BRBEICL T, V- —EINOHE, BINOHE, L THENER
BEIT S TWVWLIDLOMETNRLEENRD. £, 2B =—KEDNHW
ARBRICBTLHDETOY = —ORAWEZEOREZ]H D Z &
b, V— A —ENRORREMEETE XL ETAHAEHTH D .

Y~ b T VT AARNTFOU =N —FBnLn Lid, amiE xR
HDHREARERTHDIN, B, V—F—ERZARICH R DN
Aoz 3HEENWL, BBEOY~ NT v F T ARAFoaiE s
ExbbECcHfifibr ot THD. BxoNHEHO D, A
ZW#ET 2 -DOIEELTY - DbAwnw, ThHD. bW
T, TONTFRVLIREER, MEEAGVOL IR, U—T
— BN LN LE, IR BEHE B EZZERTEL2AREND DK
M, AAEKBMENBEMNT 2 2L LLEMIRELCRDIEZD, AL T
MHZEEBEWRT L. V- —HEL LT D LICLo T, B
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T THEICEoT, BOoOATFHEEZED, 1 BAEHT DKM
B AT LT, FEHICEEZL ORMEMREM R E KT D
Ohbmirz . H 27— FR44 T2 LAR2VDIE, Zo0#HMBLED
MEXr 2o bHmnewn. ZOoPA OLDICIE, B4 TY~ 7T
TR TOAEMEBEETRARDLIEDRLPER Y. F, ZThHICTK o
THITORHFE I A —DORCERLGDND. AlF T A — 2 OFWIE
CEE, B 27 V—FPEBBECRD2 —20RKEATHY (H 5 ®E),
AMmBEOMMPIT, Y~ T VT IARFO-EEHBEMPICE > THD
THETH L.

BELUICABR P33R CR A 2N P L. L, Thbd, 52
TN —FKERXRT H7% 5 (Ono, 1989; Page et al., 1989;
Strassmann, 1981; Suzuki, 1985, 1997), HF27 /L — KX, + A2
J TR AAZEDLRZIENTED., TOED, HBAHICE-, T, &
27— R AICADEBREZBELS 2D L7 (Reeve et al.,
1998). 7/, H27 v — R, AR A - BNEABET, AR A
— M RITEBE T A I o R, L, KRELELR
LI, O T7T v HANTF ThH D Mischocyttarus drewseni (Jeanne,
1972) LV v a2 7 Y U FET v HANF Ropalidia (Icariola)
variegata jacobsoni (Yamane, 1986) TR LI 7- Xk 512, BEXF T
HHEINAAZRDHWICEVHIT ML LARZWY., EF5H501F, Zh
Lo 2EICE W TIE, AARNFICHAMICHFEL T, BVl 58
FREBELTWASA b THDLD. L2rL, BEETOLY~NT O F
NF TR, av=—0REHMICHRLES L2720, AIRI A — %
BWHLTYS, V= —%FEATRZRELSTD2EBRKT RN, £
7, HE27 Vv — Rk oT, BIXRIA —vOELE T (D F D GE)
EOMBEIIZTZMATHLIOICR L, BaOBREOMBEIZL/2TH 5.
ZO®, WM X RO EMIE, A&7 A — 2 0 EIR KN
L7ZAWR Y, A7 A4 — B LEF @I THDL, AR 7 A4 —
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PHRIERBEIODBDEFEVWHTIEEIEIOARVARBEL B V. 2L,
B AR EZEZZ2L ETHEEITREZEE, 2o KA X (KA
) ThH DL HRMEDL HDH I L TH D (Tsuchida et al., 2002). T,
HAEHEREENKS 22 L, ERZEPEZOVRTS RO, £O
Al RE M 2% & Wy (Takahashi et al., 2008). ¥~ F7 ¥ F H NF O
HBEEEFTEKNO T, ZHEEKFAPBELT O IR Y. 2L %
N DEEDICSH, BABRELERU AT AT 7 A0 HDEIFELET
b 5.

SEOY~ NT VT AIARFOMBEICEL>T, P HV—FH—Tan
—— %R TOIORBNELAESE T Y ANTFoaslEicd T o520
BEELARAEZGL. eI 2T 5B AROITE O
BfOLLOICE, SEEOFEMLBRELE oo EBENE, 2 L T,
ZTU ==l TO/RRUMPFINDIBEICEICERT S22 L 0EE
MERFEPREN- T, o, KWFFRITE- T, ATIZE 2 b1 TW
R b, TV FANRNTFoHEMHEBERNRNVICELMICIEAL TWND Z L
NaRBESn7Z. 4%, Z2<oBE4EHEEREOESMEEL, 4EO
Mo b MmT FiEEH YT I RS, TV TAFH
BT 2SO RFICHTLIHEMPLIVEETLIZENHFIND.
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# 10 = 4§ % (Summary)

Y~ T VT IANTFO-EEOMRA LTS D, 5 anm=—
A EETEHEL, V—F —PrLEHEBEHPLET, BELo
EEEOTHEZ T AT AT TRkl (1lar=—XAHABEDOHR)
ITEHOMNT ZiT o7, £, BRoRERN LK LEZ., £ a0 =—
DY —H—1F 4~8H T, 1lavn=—2KEHE 17 L—F (U —0—
P ANPS 8% ETITHIL) & 27— F (U —70—P1 ¥
HORBRBUBPIA 2o Tz, BLEMITFH (B 170 — FE&ERK
PAb 22 68 2 70— FPALBH A A £ <), TH (5 27— FPA
68 2 7V — FEREBEAEMNMAET), M# (F 2 71—
N BEERPNLZ) o0, BIEMILICHETFL (V-0 —Hoy
(OB ITEICFHLEMBICRDS ) BEHOEVOREL .

1 EWEA&RIIA - eflgdHMemlL cmsEL, UV—9F—

MOBEBMITHEZIFEALEZTT, FLERARVAIATEH OHEE MY
— =R TELro. LrL, MMNAROT VIS
NTFT—HKBOIZALRIESWIEMK BT D7 4 — 2 Ok

WM (74 —F, 2ECofKict L TEMNTHD. 74—
T EOU =XV bEATHEROBEEIZIT Y. 74—~

FTEMITEAZY = —0Fh T bEMAREEKICED &V HEE
THT5) B, A7 A —vix, FHTIEZHEL>HB, MM <
Bl FHFoTWwhholk, £/, MBI TIX, AIFZ A — 2 Ii3E
MAITEZEBA Y — 0 —F (FIZFE 2 71— F) &x L TiEe
AMETLT, HEU == (EIZH 1 70— F) (2 LM
gl o 2.

2 2 opan=—TAHAZR /A —rPRTRKLE. TO%, & LN
V== bEfMEMHHFEL, —FZEWRELEZR, —HO
U—J1—DEWREFLEL. AIRZA - CRB Lol an
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=S—THARIIA—VDPEVWHETORIREY K% ETED
b P MFFLolcx L, TRULEZ 2BHOLCKAOREKED HE
E, ar=—RZFIlLbhRhWVWEH-Z. THITARKRY BHEPIE
N T F el tarBy 5. 74— &5 &y
— = (BRI A=) OREBEY OHEE X, TRE%ED LE X
T2, Al 7 A4 — 2l _XRTHFELI Ao 2.

U= —EOEMATE OB EICE S &, R EME 2
. FHI T ZmMEN, MM ITEBEMOBEEZRLEZ. L2
L, FHlogkEmL MBlOKFEROY —h — Nk B2
EERe T, £, MBI TomIEAMEIZ, XV bEY
A XAOgBExrm T Tl etnrank. FH, MH#&HE
FHMEAL O LA E R E EEMAITE Z2HEICITo72. M #l oKW
SO —H—i%, HFOEMNOY —F — Ik L CThd %I
EAATEHZ L, FHTCEZOMMmMITERELNR D> 2.
U= — Moy EHEsIicE LT, F T, R ~0OREY
fEfE L R B oK wRMEL SO FH TIE, 4 2 r=—F 3
A =—TU— A —MIZHBEEDEND -T2, £ OHEE
TELIEN & XEEN R, MBIOEMEY — 7 — 8 (E
I 1 70— F) ERNELHIEOLETOHTBICHEFEL, N
U—Hh— (5 2 70— FOKEDOME) F@EFITNEZT
EAT o7, WEOZL OF5 W oBEE L, HAAEY —F —#F &
AR 2 o T2

A= —REZCELRVEREBMLLS HEREMICE®R T D Z
EETA T LD, BU — 0 — OEIE R A EIZLT OK
i L., ae=—RENHIT, AR A — 0BT
MERBELS BB RIBERN T EALERVED, U—0 — 1T,
BE#HICELZEODLIED 74— O T ORBICEABD™H LT
5. TORE, EMEENEIWIEME O EMICR D2 EIITdH
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FOBELAREL, EBEMEODL x> & LERROEICHEKS W THE
FHNEAL AR D00, H2DWVWIEELSIEMLREICELZ S O3 X R MM
MBDDOERT DO >0 FEE L TPHAIEZFMBL T
L, EWMBEBAMNMERD. LML, an=—RENEDIZS
NAEIZR I A — Y BHO, -0 —BNH%EE LD MHENHET.
TO/ME, HEWMY ——X, A —vDODTEERTH LY,
fRIZALA - EMALBETOFEZEDL L V) BELEHRD 2D
EIFICHEBOhERVEBNIRDIDZECHENDEBET S5, — ),
E U —F —%, FBREH THEIT L CEINE NS #%IEN %
KorEee hbEDL WL, AlZFIA4A—DOTOEE %
B COUEHEIENEZRODLD I an = —FENY &R

&

T o . T oY, HWEMLELRD.

Il Bblcyvoarn=—NEDREEE T, 5B R HEoHM
b HEMLER, A4 —rBXOU — 5 — 0 ENAIT B
ErAEYREEE EOMICEOEFRE RN T, DF 0,
I A4 = RU = —OEMITE L, WEWREOHEE % Hl 4
LTWhhrot., V—h—1F, AEDREMICE R RBRE T
L™ Enhol. £, BEABROK, WEWREICHD

MEIX, MMM ENZNEETEL o, THIE, UV—2K
—BHIPEBEABRICEI o THBROMBERELZ MY, K
SWlACHBIZX > THEMRERELZRD TV L%
LT

V= —3F 74— ro@EMTHZ2Z T TH X%, %k
LRI D23 o, LL, 74 —IZXKDYU
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Summary

In order to elucidate the social structure of the paper wasp Polistes japonicus, five
colonies were observed in a netted cage located outdoors. Video recording of four
colonies and observations directly by eye of the fifth colony were generally performed
every few days before reproductives emerged. The number of workers in each colony
ranged from four to eight. In four of the colonies the workers were divided into first
and second broods: the first brood comprised workers that emerged first or within 8
days of the first emerging day, while the second brood comprised workers that emerged
more than 8 days after the day on which workers first emerged and before reproductives
emerged. Most of the analyses were performed separately for two periods: during the
first-brood period from the emergence of the last worker of the first brood to the
emergence of the first worker of the second brood, and during the mixed-brood period
from the emergence of the last worker of the second brood to the emergence of
reproductives. The influences of differences between the two periods were also
analyzed.

1. Abdominal wagging and ovipositing were performed almost exclusively by the
foundress throughout colony development. However, an analysis of aggressive
encounters indicated that although the foundress hardly received dominance behaviors
(aggression) from workers, she lacked either partially or completely the following
characteristics of the queen that are usually seen in paper-wasp colonies with
independent founding queens (except in one colony that produced no second brood):
being socially dominant over all workers (the foundress had more wins than losses in
one-on-one dominance contests with any worker), exhibiting the highest frequency of
dominance behaviors, and directing dominance behaviors primarily toward the worker

with the highest rank in the social hierarchy. In particular, during the mixed-brood
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period the foundress hardly exhibited dominance behaviors toward socially dominant
workers (mainly second brood) but frequently directed dominance behaviors toward
socially subordinate workers (mainly first brood).

2. The foundress disappeared in two colonies before the reproductives emerged; in
these colonies the worker with the highest rank in the social hierarchy inherited the
colony and laid many eggs. The frequency of abdominal wagging by these two
foundresses decreased during colony development, while it did not in two other colonies
(there were no data for abdominal wagging in the fifth colony, which was observed
by eye). This suggests that abdominal wagging provides information about the vigor of
the performer. The superseder was socially dominant over all other workers, but spent
little time wagging her abdomen and allowed some workers to lay eggs.

3. The rank in the dominance hierarchy among workers was determined based on
results of one-on-one dominance contests between all pairs of workers. Older workers
were likely to be more dominant (producing a hierarchy with older dominants) during
the first-brood period, while younger workers were likely to be more dominant
(producing a hierarchy with younger dominants) during the mixed-brood period.
However, the oldest and youngest workers were not always the top-ranked workers in
the dominance hierarchy during the first- and mixed-brood periods, respectively, and
during the mixed-brood period the dominance hierarchy was influenced more by body
size than by the emergence order. Most workers displayed dominance behaviors
primarily toward the worker ranked immediately below them in the dominance
hierarchy during the mixed-brood period but not during the first-brood period.

4. During the first-brood period, different workers performed a certain task (with
the exceptions of feeding larvae and provisioning liquid to other nest mates) at different
frequencies in three of the four analyzed colonies, but the rank in the dominance

hierarchy was not related to the frequency for any particular task. During the
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mixed-brood period, subordinate workers performed all kinds of intranidal and
extranidal tasks, while dominant workers spent most of their time on the nest and
usually only performed intranidal tasks, but their frequencies of performing many
intranidal tasks were lower than those of subordinate workers.

5. To explain the temporal change from older dominants to younger dominants in
the dominance hierarchy, the following hypothesis was proposed based on the
life-history strategies of individual workers: The probability of a worker inheriting the
colony is much lower during the first-brood period due to the foundress maintaining a
high vigor. Under these conditions, all workers aim to increase the total number of
reproductive progeny per colony through cooperative rearing, and they are not
interested in increasing their ranks in the social hierarchy. Consequently, a hierarchy
with older dominants is established during the first-brood period probably due to there
being only small differences in the amount of experience, or the emergence order may be
used only as a cue to avoid potentially costly dominance contests. Meanwhile, the
vigor of the foundress gradually decreases as the colony develops, while the probability
of a worker inheriting the colony increases; consequently, younger workers are more
likely to adopt strategies that increase their likelihood of becoming the superseder to
lay their own eggs rather than rearing the offspring of the foundress. Therefore,
younger workers do not contribute to rearing, instead being more interested in
increasing their ranks in the social hierarchy. On the other hand, older workers are
likely to spend most of their time rearing the offspring of the foundress because their
longer working experience has reduced their abilities to reproduce and to compete for
socially higher ranks. Consequently, a hierarchy with younger dominants is
established during the mixed-brood period.

6. The daily frequency of foraging for flesh per colony increased with the number

of fifth-instar larvae per colony, but the foraging frequency was not positively related to
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that of dominance behaviors performed by the queen (inculding the superseder) or
workers. This suggests that dominance behavior of the queen or workers did not
regulate the frequency of foraging for flesh. Workers often checked cells just before
foraging for flesh, and the probability of foraging after checking cells increased with the
number of fifth-instar larvae in the nest. This observation suggests that the decision
of foragers to forage was based on information they collected about the larval demand
for food by checking cells themselves.

7. Workers that received dominance behaviors from the foundress were more
likely to be involved in extranidal tasks (mainly foraging for flesh or liquid), although
they were unlikely to provision food to the foundress. This suggests that the foundress
induced workers to forage using dominance behavior. However, workers usually
performed extranidal tasks at probabilities of only up to about 40% after they received a
dominance behavior from the foundress. Moreover, the frequency of dominance
behaviors performed by the foundress was related neither to the number of fifth-instar
larvae nor to the frequency of extranidal tasks performed by workers. In addition,
workers were not likely to change their behavior after receiving a dominance behavior
from other workers, which suggests that workers were able to distinguish between the
foundress and other workers. These observations, together with that described in item
6, suggest that workers regulated the frequencies of their extranidal tasks primarily
based on the information about the colony demands that they collected by themselves
(mainly including that on the larval demand for food), and secondarily based on the
frequencies of dominance behaviors performed by the foundress. The foundress is
therefore considered to convey her own hunger level to workers through dominance

behavior.
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Table 1 Emergence days of individual workers (expressed in days after the first

emergence of workers).

Emergence order of individual workers

Colony
1 2 3 4 5 6 7 8 9
A 0(F) 2 2(F) 3(F) - 10(8) 11(S) 14(S) 22(S)
B 0(F) 1(F) 2(F) 3(F)
C 0(F) 2(F) 5(F) 7(F) 10(8) 14(S) 15(8)
D 0(F) 4(F) 6(F) 8(F) 14(8) 18(8)
P 0(F) 0(F) - 8(F) 8(F) 13(s) 25(S) 26(S) 27(S)

a Letters within parentheses indicate the brood type: F, first; S, second.
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Table 2 Checking results for characteristics of dominance behavior of the queen.

Kind of Period Colony Queen vs Worker with Total
queen top-ranked worker?  highest frequency of frequencies®
dominance
behaviorsP
Foundress  First brood A Pos. (<0.0001,49)  Pos. (0.461, 90) Neg. (0.248, 6)
B Pos. (<0.0001, 54)  Pos. (0.021, 84) Pos. (< 0.001, 6)
C Pos. (0.5, 2) Neg. (0.013, 14) Neg. (0.323, 2)
D No (1.0, 2) Neg. (0.375, 5) Neg. (0.234, 2)
Transition A Neg. (0.25, 3) Neg. (< 0.0001, 32)  Neg. (0.215, 6)
C No (1.0, 2) Neg. (< 0.0001, 50)  Pos. (0.623, 4)
D — (0 Neg. (< 0.001, 11) Pos. (—, 1)
Mixed brood C — (0 Neg. (< 0.0001,40)  Pos. (0.444, 8)
D — (0 Neg. (< 0.001, 14) Neg. (0.822, 6)
P — (0 Neg. (< 0.0001, 34)  Pos. (0.003, 5)
Supersede Transition A Pos. (< 0.0001, 84)  Pos. (0.118, 148) Pos. (0.049, 2)
Mixed brood A Pos. (<0.0001, 179)  Pos. (< 0.0001, 261)  Pos. (0.018, 4)
D Pos. (<0.0001, 42)  Pos. (<0.01, 62) Pos. (0.045, 5)

Values in parentheses indicate the P value for statistical tests (left) and the sample size
(right). Binomial tests were performed for columns 4 and 5, and paired #tests for column
6. Pos., positive trend; Neg., negative trend; No, no trend. P values of <0.05 associated
with “Pos.” and “Neg.” indicate significant positive and negative trends, respectively.

a Whether the frequency of dominance behaviors was higher for those directed by the
queen toward the highest-ranked worker than vice versa.

b Whether the queen directed dominance behaviors primarily toward the highest-ranked
worker. Comparison of the frequencies of dominance behaviors that the foundress
directed toward the highest-ranked worker and toward the worker (usually the second
ranked) who received dominance behaviors most frequently from the foundress among all
workers other than the highest-ranked worker.

¢ Whether the queen exhibited the highest frequency of dominance behaviors. The total
frequency of dominance behaviors was compared between those exhibited by the queen and
those exhibited by the worker that exhibited dominance behaviors most frequently among

all workers.
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Table 3 Results of dominance contests between wasps in colonies A and D before the

foundress disappeared.

Individual ID2

Colony Indi;/]i)dual Scored Social
Foundress wl w2 w3 w4 wh w6 w7 rank
A Foundres - 69-0  81-0 29-1¢ - 0-3 1-0 0-0 4-1 2
wl 0-69 - 13-25  15-7 - 0-4 0-0 0-0 1-3 5
w2 0-81 25-13 - 121-1 - 0-3 0-1 0-0 2-3 4
w3 1-29 715 1-121 - - 0-6 1-4 0-0 0-5 7
whd 3-0 4-0 3-0 6-0 - - 107-0 920 6-0 1
w6 0-1 0-0 1-0 41 - 0-107 - 57-0 3-2 3
w7 0-0 0-0 0-0 0-0 - 0-92 0-57 - 0-2 6
D Foundres - 31 18-0 8-0 5-0 1-0 0-0 - 5-0 1=
wl 1-3 - 11-0 10-0 3-2 0-0 0-1 - 3-2 3
w2 0-18 0-11 - 1-1 0-3 0-1 0-1 - 0-5 7
w3 0-8 0-10 1-1 - 0-4 0-0 0-3 - 0-4 6
w4 0-5 2-3 3-0 4-0 - 0-10 0-1 - 2-4 5
wh 0-1 0-0 1-0 0-0 10-0 - 2-28 - 2-2 4
w6l 0-0 1-0 1-0 3-0 1-0 28-2 - - 5-0 1=

aw, worker, where the number following “w” indicates the emergence order.

b The numbers of subordinate (left) and dominant (right) individuals for a target wasp.

The social rank was determined based on the difference between the two numbers.

¢The queen directed dominance behavior toward worker 3 and received it from worker 3

with frequencies of 29 and 1, respectively, before the foundress disappeared.

the foundress was considered dominant over the worker 3.

dSuperseder.
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Table 4 Time spent for an episode of abdominal wagging.

Foundress (F) . Timeb Hours
Colony Perioda n
or superseder (S) (s, mean + SE) observed
A F F 57+0.4a 369 48
F T 53+0.7a 110 54
S T 3.9+1.0 8 12
S M 3.1+£0.6 9 24
B F F 4.1+0.3 184 42
F First half of F 3.8+0.5a 63 18
F Last half of F 42+04a 121 24
C F F 81+0.8a 53 12
F T 9.2+0.6 ab 119 36
F M 11.0+£0.8b 241 60
D F F 134+1.2a 88 12
F T 11.7+ 2.3 a 39 6
F M 1256+ 1.5a 108 42
S M 54+1.4 14 30

a F, First-brood period; T, Transition period; M, Mixed-brood period.

bResults of comparison between different periods for each foundress; means followed by

the same letters are not significantly different (P > 0.05; Aspin-Welch ¢ test with

sequential Bonferroni correction [Rice, 1989]) .
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Table 5 Results of dominance contests for all pairs of workers in colonies.

Worker ID2 Comparison
with
Colony Worker ScoreP Rank binominal
D F1 F2 F3 F4 S5 S6 87 S8 T
distribution
(P
First-brood period
A F1 13-254 15-5 1-1 2 0.851
F2 25-13 110-0 2-0 1 <0.001
F3 5-15 0-110 0-2 3 0.063
B F1 1-0 10-0 6-0 3-0 1 0.055
F2 0-1 1-0 6-0 2-1 2 0.014
F3 0-10 0-1 19-0 1-2 3 <0.001
F4 0-6 0-6 0-19 0-3 4
C F1 5-0 0-6 10-0 2-1 2 0.017
F2 0-5 0-15 5-0 1-2 3 0.008
F3 6-0 15-0 7-0 3-0 1 0.043
F4 0-10 0-4 0-7 0-3 4
D F1 9-0 6-0 2-1 3-0 1 0.151
F2 0-9 1-0 0-3 1-2 3 0.667
F3 0-6 0-1 0-4 0-3 4
F4 1-2 3-0 4-0 2-1 2 0.517
Mixed-brood period
A F1 1-0 0-0 0-82 0-4 0-1 0-0 1-3 5 0.333
F2 0-1 0-0 1-81 0-4 0-0 0-0 0-3 6 0.333
F3 0-0 0-0 0-79 0-5 0-3 0-1 0-4 7
She 82-0 81-1 79-0 179-0 68-0 16-0 6-0 1 <0.001
S6 4-0 4-0 5-0 0-179 17-0 14-0 5-1 2 0.001
S7 1-0 0-0 3-0 0-68 0-17 0-0 2-2 3 0.032
S8 0-0 0-0 1-0 0-16 0-14 0-0 1-2 4 0.333
C F1 1-0 0-0 3-0 1-1 0-3 0-3 2-2 4 0.071
F2 0-1 1-8 2-0 0-2 0-3 0-2 1-5 6 0.148
F3 0-0 8-1 10-0 70-0 1-27 1-11 3-2 3 <0.001
F4 0-3 0-2 0-10 0-4 0-0 0-0 0-4 7
S5 1-1 2-0 0-70 4-0 0-13 1-7 2-3 5 0.061
S6 3-0 3-0 27-1 0-0 13-0 28-2 5-0 1 <0.001
S7 3-0 2-0 11-1 0-0 7-1 2-28 4-1 2 0.002
D F1 12-0 5-0 1-6 1-2 0-15 2-3 4 <0.001
F2 0-12 0-1 0-4 0-6 0-9 0-5 6
F3 0-5 1-0 0-7 0-0 0-13 1-3 5 0.400
F4 6-1 4-0 7-0 0-28 0-21 3-2 3 0.075
S5 2-1 6-0 0-0 28-0 2-70 3-1 2 <0.001
S6e 15-0 9-0 13-0 21-0 70-2 5-0 1 <0.001

a Letter indicates the brood type (F, first; S, second), and the number indicates the

emergence order.
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b Score for the dominance contest, which indicates the numbers of subordinate (left) and
dominant (right) individuals for a target wasp. The dominance rank was determined
based on the difference between the two numbers.

¢ Value of Pindicates the probability that the observed highest frequency or a frequency
higher than that is expected to occur if the target worker displays all dominance
behaviours toward the other workers at random.

d Worker F1 displayed dominance behaviour toward worker F2 and received dominance
behaviour from worker F2 with frequencies of 13 and 25, respectively.

e Superseder.
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Table 6 Results of Spearman rank correlation analysis of the relationship between the

rank in the dominance hierarchy and the frequency of dominance behaviour.

Observation period Brood Colony r P
First brood First A —1.000 <0.001
B —0.400 0.600
C —-1.000 <0.001
D —-1.000 <0.001
Mixed brood First and second A —0.857 0.014
C —0.893 0.007
D —-0.928 0.008
First A -a
C —-1.000 <0.001
D —-0.738 0.262
Second A —1.000 <0.001
C —-1.000 <0.001
D —-1.000 <0.001

a Analysis was impossible because two of the three workers were ranked the same.
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Table 7 Results of ANCOVA for the influence of the rank in the dominance hierarchy and

the colony factor on frequencies of extranidal and intranidal tasks among workers.

Relative rank Colony Interaction
Task
dfy  dfe F P dfy  dfe F P dfi  dfe F P
First-brood period

Flesh foraginga 1 10 0.465 0.511 3 10 0.281 0.838 3 7 1.269  0.356
Liquid foraging 1 10 0.583  0.463 3 10 0903 0.473 3 7 0.675  0.595

Collecting nest

materialsb
Checking cells 1 10 2.811  0.125 3 10 2.819 0.093 3 7 1.105  0.409
Feeding larvae 1 10 0.517  0.489 3 10 6.898 0.009 3 7 0.512  0.687

Building cell walls?

Provisioning flesha 1 10 1.249  0.290 3 10 0.779 0.532 3 7 0.163  0.918
Provisioning liquida 1 10 0.002 0.966 3 10 2346 0.134 3 7 0.004  0.100
Mixed-brood period

flesh foraging 1 15 11.416 0.004 2 15 0379 0.691 2 13 0.116  0.892
Liquid foraginga 1 15 24.811 0.002 2 15 0.066 0.936 2 13 1.818  0.201
Collecting nest
1 15 0.084 0.776 2 15 1908 0.183 2 13 0.605 0.561
materials
Checking cells 1 15 5.727  0.030 2 15 4257 0.034 2 13 0.381  0.690
Feeding larvae 1 15 14.848 0.002 2 15 4467 0.030 2 13 1.338  0.296
Building cell walls 1 15 0.167 0.689 2 15 2433 0.122 2 13 0.079  0.925
Provisioning flesh 1 15 10.711 0.005 2 15 1.391 0.279 2 13 1.151  0.347

Provisioning liquid ¢

a Log transformation [logio(x + 0.01)] was applied to all data to satisfy the normality
assumption before ANCOVA was performed.

b The normality assumption was rejected. When correlation analysis was performed
separately for each colony, no relationship with P < 0.1 was found. Collecting nest
materials: r = 0.26, P = 0.74 for colony B; r=-0.64, P= 0.36 for colony D. Building cell
walls: r=0.26, P= 0.74 for colony B; r=-0.73, P= 0.27 for colony D. The correlation
analysis was not performed for colonies A and C because no workers performed the given
task.

¢ The normality assumption was rejected. When correlation analysis was performed
separately for each colony, a relationship with < 0.1 was found in one colony: r= 0.87, P

=0.011 for colony C; r=0.72, P= 0.11 for colony A; r=0.38, P=0.45 for colony D.
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Table 8 Results of ANOVA for differences between individual workers in the hourly

frequency of particular tasks during a given day.

Colony
Task A B C D
df F P df F P df F P df F P
Flesh-
2 5.98 0.012 3 1.87 0.167 3 49.00 0.001 3  441.00 <0.001
foraging
Liquid-
2 13.00 0.001 3 0.56  0.648 3 0.73 0.584 3 15.13 0.012
foraging
Collecting
nest - - - 3 1.00  0.413 - - - 3 5.53 0.066
materials?
Checking
2 12.00 0.001 3 1.71 0.198 3 2.85 0.169 3 16.12 0.011
cells
Feeding
2 0.28 0.757 3 1.07  0.383 3 1.72 0.300 3 3.21 0.145
larvae
Building
- - - 3 1.00  0.413 - - - 3 8.35 0.034
cell walls2
Provisioning
2 3.03 0.093 3 0.74  0.543 3 29249 <0.001 3 3.80 0.151
flesh
Provisioning
1.74 0.224 3 0.60 0.623 3 1.83 0.316 3 0.54 0.686
liquid

a ANOVA was not performed in colonies A and C because no workers performed the given

task.
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Table 9 Results of ANCOVA for the influence of the number of fifth-instar larvae per

worker on the hourly frequencies of foraging for flesh by individual workers.

Number of fifth-instar

Worker Interaction
larvae per worker

Colony

dfi dfe F P dfiy  dfe F P dfi  df F P
Aa 1 69 10.868 0.002 4 69 11.642 <0.001 4 65 0.841 0.504
Ba 1 14 2.314 0.151 2 14 0.430 0.659 2 12 0.725 0.504
Cb 1 388 9.143 0.005 2 38 5.576 0.008 2 86 2.124 0.134
Da.c 3 48 3.201 0.031

a Log transform [logio(x + 0.01)] was applied to all data to satisfy the normality
assumption before ANCOVA was performed.

b Log transform [logio(x + 1/6)] was applied to all data to satisfy the normality assumption
before ANCOVA was performed.

¢ When correlation analysis was performed separately for individual workers: r=0.85, P=
0.0001 for F1; r=-0.064, P=0.83 for F2; r=-0.23, P=0.43 for F3; r=-0.13, P= 0.65 for

F4 (where ‘F’ indicates the first brood and the number indicates the emergence order).
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Table 10 Mean number of fifth-instar larvae per worker for the two main observation

periods.
Observation period Comparison between
Colony First brood Mixed brood two periods:
Mean SD n Mean SD n Pvalue for ttest
A 0.38 0.25 6 1.21 0.34 4 0.002
Ba 1.17 0.38 3 1.17 0.14 3 1.000
C 0.63 0.18 2 1.59 1.09 8 0.267
D 2.25 0.35 2 0.95 0.43 11 0.002

a Since the first brood was not produced, means were calculated for the period of early and

mid-July (first brood) and that of late July (mixed brood).
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Table 11 Results of ANCOVA for the influence of the hourly frequency of dominance

behavior performed by the queen or workers and observation periods on the hourly

frequency of flesh-foraging performed by the first brood.

Performer Frequency of dominance
Observation period Interaction
of behavior
Colony
dominance
) df;  dfe F P df;y  dfe F P df;y  dfe F P
behavior
Queen Aa 1 12 5.612 0.036
B 1 3 0.116 0.756 1 3 0.346  0.598 1 2 0.211 0.691
Cb 1 10 14.374  0.004
D 1 10 12.508 0.005 2 10 1.002  0.401 2 8 1.717 0.240
Workers Ac 1 13 3.598 0.080 1 23 5.893 0.031 1 12 0.379 0.550
B 1 3 0.384 0.579 1 3 0.642  0.482 1 2 <0.001  0.986
Ce 1 11 14.585 0.003 1 11  0.510 0.490 1 10 1.118 0.315
D 1 10 0.008 0.931 2 10 0.310 0.740 2 8 2.602 0.135

a Correlation analysis was performed separately for each colony-development period: r =

-0.541, P = 0.070 for the first-brood and transition periods combined, in which the

foundress was present; r = 0.679, P = 0.321 for the mixed-brood period without the

foundress.

b Correlation analysis was performed separately for each colony development period: r =

0.687, P=0.132 for the first- and transition periods combined; r=-0.710, P= 0.017 for the

mixed-brood period.

¢ Log transformation was applied to all data to satisfy the normality assumption before

ANCOVA was performed.
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Table 12 Results of ANCOVA for the influence of the number of fifth instars larvae and

observation periods on the hourly frequency of dominance behavior performed by the queen or

workers.
Performer The number of fifth instars Observation period Interaction
of
Colony
dominance dfy  dfe F P dfy  dfe F P dfy  dfe F P
behavior
Queen Aab - - - - - - - - 1 12 5.746 0.034
B 1 3 0.033 0.867 1 3  0.602 0.494 1 2 0.737 0.481
Ca 1 11 5.390 0.062 1 11  0.525 0.484 1 10 0.603 0.456
D 1 10  5.390 0.043 2 10 3.752 0.061 2 8 0.241 0.792
Workers Aa 1 13 3.492 0.084 1 13 4.117 0.063 1 12 3.600 0.082
1 3 1.290 0.339 1 3 4518 0.124 1 2 0.751 0.478
C 1 11 4.080 0.069 1 11 1.871 0.199 1 10 2.771  0.127
1 10  0.813 0.389 2 10 3.743 0.061 2 8 0.111 0.897

a Log transformation was applied to all data to satisfy the normality assumption before
ANCOVA was performed.

b Correlation analysis was performed separately for each colony development period: r =
-0.555, P = 0.061 for the first-brood and transition periods combined, in which the
foundress was present; r = 0.398, P = 0.602 for the mixed-brood period without the

foundress.
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Table 13 Results of ANCOVA for the influence of the hourly frequency of dominance
behavior performed by the queen or workers and observation periods on the hourly

frequency of all foraging events performed by the first brood.

Performer of Frequency of dominance
Observation period Interaction
dominance Colony behavior

behavior dfy  dfe F P dfy  dfe F P df;y  dfe F P

Queen Aa 1 13 0.111 0.744 1 13 2.685 0.125 1 12 0.907 0.360
B 1 3 0.052 0.834 1 3 0.082 0.794 1 2 0.290 0.644
C 1 11 0.934 0.355 1 11 1.988 0.186 1 10 1.677 0.224
D 1 10  0.037 0.852 2 10 0.656 0.540 2 8 0.250 0.785

Workers A 1 13 1.282 0.278 1 13 5.373 0.037 1 12 0.824 0.382
B 1 3 0.300 0.622 1 3 0.008 0.933 1 2 0.018 0.905
C 1 11 9.219 0.011 1 11 0.222  0.647 1 10 0.869 0.373
D 1 10  9.166 0.013 2 10 4.722 0.036 2 8 0.028 0.973

a Log transformation was applied to all data to satisfy the normality assumption before

ANCOVA was performed.
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Table 14 Results of ANCOVA for the influence of the hourly frequency of dominance
behavior performed by the queen or workers and observation periods on the hourly frequency

of liquid- foraging performed by the first brood.

Performer of Frequency of dominance
Observation period Interaction
dominance Colony behavior

behavior dfy  dfe F P dfy  dfe F P df;y  dfe F P
Queen A 1 13 1.376  0.262 1 13 0912 0.357 1 12 0.93 0.354
B 1 3 2.217  0.233 1 3 44.443 0.007 1 2  5.667 0.140
C 1 11 2.500  0.142 1 11  13.547 0.004 1 10 2117 0.176
D 1 10 0.664 0.434 2 10 0.606 0.565 2 8 0907 0.441
Workers A 1 13 2.657 0.127 1 13 0.072 0.793 1 12 0.135 0.719
Ba 1 3 3.170  0.173 1 3 26.055 0.015 1 2 0575 0.527
C 1 11 0.167 0.691 1 11 7.163 0.022 1 10 4.351  0.064
1 10 6.439 0.030 2 10 2.388 0.142 2 8 1.141  0.366

a Log transformation was applied to all data to satisfy the normality assumption before

ANCOVA was performed.

114



Table 15 Results of logistic regression model analysis for the influence of the number of
fifth instars larvae and observation periods on proportion of cell-checking events followed

by flesh-foraging.

The number of fifth instars Observation period Interaction
Colony
df X2 P df X2 P df X2 P
A 1 11.564 <0.001 1 0.154 0.695 1 0.868 0.352
B 1 2.615 0.918 1 2.935 0.300 1 0.995 0.319
C 1 56.458 <0.001 1 1.531 0.364 1 0.081 0.776
D 28.347 <0.001 2 5.380 0.068 2 0.742 0.690
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Table 16 Results of ANCOVA for the influence of the number of fifth instars larvae and

observation periods on the hourly frequency of cell-checking performed by the first brood.

The number of fifth instars Observation period Interaction
Colony
df: dfo F P df: dfo F P dfi  dfe F P
1 13 0.185 0.674 1 13 0.524 0.482 1 12 1.106 0.314
B 1 3 6.532 0.084 1 3 3.453 0.160 1 2 0.725 0.484
1 11  0.262 0.262 1 11 0.701 0.420 1 10 0.098 0.760
Da - - - - - - - - 2 8 1.786 0.228

a The normality assumption was rejected. When correlation analysis was performed
separately for each observation period: r= 0.81, P= 0.396 for the first-brood and transition
periods combined; r=-0.13, P=0.812 for the mixed-brood period with foundress; r=-0.62,

P=0.264 for the mixed-brood period without foundress.
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Table 17 Results of logistic regression model analysis for comparison between the
frequencies of cell-checking behavior before and after dominance behavior performed by

the queen or workers.

Performer Pvalue for each factor
of Observation . .
. Colony . Dominance Individual .
dominance period . ] Interaction
. behavior difference
behavior
Queen A F 0.546 0.373 0.286
T 0.447 0.410 0.442
Ma 0.009 0.823 0.751
B Fb 0.573 0.188 0.196
Fe 0.859 0.713 0.341
C F 0.500F - -
T 0.344F
M 0.423 0.209 0.867
D F 1.000F
T 0.733F
M 0.770F
Ma 0.554F
Workers A F 0.016 <0.001 0.266
T 0.156 0.240 0.929
Ma 0.167 0.476 0.983
B Fa 0.597 0.734 0.812
Fb 0.648F - -
C F 0.548F
T 0.777 0.513 0.209
M 0.305F
D F 0.569F
T 0.738F
M 0.116F
Ma 0.078 0.704 0.065

a Foundress was lost.
b First half of the first-brood period.
¢ Last half of the first-brood period.

F Fisher’s exact test was performed.

117



Table 18 Fisher’s exact test results for comparison between the frequencies of foraging

before and after dominance behavior performed by the queen or workers.

Performer Pvalue
of Observation  All o Nest- .
. Colony . . Flesh- Liquid- . Fruitless
dominance period foraging i ) materials )
. foraging foraging ) foraging
behavior events foraging
Queen A F 0.023 1.000 0.002 -a 0.687
T <0.001 0.002 0.018 -2 0.782
Mp <0.001 0.033 0.068 1.000 0.033
B Fe 0.207 -2 0.496 -2 0.619
Fd 0.054 0.169 0.365 1.000 1.000
C F 0.104 1.000 1.000 -2 0.486
T 0.020 0.142 0.060 1.000 1.000
M 0.001 1.000 0.007 1.000 0.497
D F -a -a -a -a -a
T 1.000 -2 1.000 -a -a
M 0.024 0.491 0.491 1.000 1.000
Mp 0.618 1.000 0.243 -a -a
Workers A F 0.502 -a -a -a 0.502
0.202 1.000 0.116 -2 1.000
Mp 1.000 -2 1.000 -2 1.000
B Fe 1.000 -2 -2 -2 1.000
Fd 1.000 -2 1.000 -a -a
C F 1.000 1.000 -2 -2 1.000
T 1.000 -2 0.121 1.000 0.212
M 0.131 0.497 1.000 1.000 0.497
D F 1.000 -2 1.000 -a 1.000
T 0.603 -2 1.000 -a 1.000
M 1.000 -2 1.000 0.490 -a
Mp 0.002 0.028 0.028 1.000 -2

a Zero frequencies before and after dominance behavior.
b Foundress was lost
¢ First half of the first-brood period.

d Last half of the first-brood period.
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Table 19 Results of ANCOVA for the influence of the frequency of dominance behavior
directed to first-brood workers and observation periods on the hourly frequencies of flesh-

and liquid-provisioning performed by the workers.

Performer Frequency of dominance . . .
of behavior Observation period Interaction
dominance Colony
behavior dfy  dfe F P dfy  dfe F P df;y  dfe F P
Queen Flesh-provisioning
A 1 13 2482 0.139 1 13 1.884  0.193 1 12 2464 0.142
B 1 3 0676 0.471 1 3 0.112  0.760 1 2 0.176  0.715
C 1 11  5.118 0.0452 1 11 0.649  0.438 1 10 4529  0.059
D 1 10 6.259 0.031a 2 10 3.733  0.062 2 8 1.902 0.211
Liquid-provisioning
A 1 13 1.583 0.231 1 13 2.384  0.147 1 12 0.660 0.433
B 1 3 0992 0.393 1 3 0.981 0.395 1 2 0.108 0.774
C - - - -b 1 10 23.691 0.001
D - - -c 2 8 6.288 0.023
Workers Flesh-provisioning
A 1 13 2632 0.129 1 13 3.036 0.105 1 12 1537 0.239
B 1 3 1557 0.301 1 3 3.262  0.169 1 2 0.466  0.565
C 1 11  2.367 0.152 1 11 5.251  0.043 1 10 0.531 0.483
D - - -d 2 8 7.570  0.014
Liquid-provisioning
A 1 13 4595 0.052a 1 13 4555  0.052 1 12 0.002 0.966
B 1 3 0946 0.403 1 3 3.540  0.157 1 2 0.009 0.933
C 1 11 2114 0.174 1 11 2.118 0.174 1 10 3.620 0.086
D 1 10 0.038 0.849 2 10 0.978 0.410 2 8 2.228 0.170

a Negative association.

b Correlation analysis was performed separately for each observation period: r=-0.758, P=
0.081 for the first-brood and transition periods combined; r = 0.861, P = 0.006 for the
mixed-brood period.

¢ Correlation analysis was performed separately for each observation period: r= 0.958, P=
0.186 for the first-brood and transition periods combined; r = 0.270, P = 0.605 for the
mixed-brood period with the foundress; r = -0.008, P = 0.990 for the mixed-brood period
without the foundress.

d Correlation analysis was performed separately for each observation period: r=-0.908, P=
0.276 for the first-brood and transition periods combined; r = -0.774, P = 0.071 for the
mixed-brood period with the foundress; r = -0.2458, P = 0.690 for the mixed-brood period

without the foundress.
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Table 20 Results of ANCOVA for the influence of the frequency of dominance behavior
directed to first-brood workers and observation periods on the hourly frequency of

cell-checking performed by the workers.

Performer Frequency of dominance ) ) )
Observation period Interaction
of behavior
Colony
dominance
) df;  dfe F P df;  dfe F P dfy  dfe F P

behavior

Queen A 1 13 0.012 0.916 1 13 2.032 0.178 1 12 2.7 0.126
B 1 3 0.006 0.945 1 3 0.851 0.424 1 2 0.133 0.751
C 1 11 40.662 <0.0012 1 11 13.244 0.004 1 10 2.346 0.157
D 1 10 0.049 0.829> 2 10 4.001 0.053 2 8 0.677 0.535

Workers A 1 13 0.012 0.916 1 13 2.032 0.178 1 12 2.700 0.126
B 1 3 0.006 0.945 1 3 0.851 0.424 1 2 0.133 0.751
C 1 11 7.354 0.0202 1 11 3.455 0.090 1 10 0.625 0.448
D 1 10 6.333 0.0312 2 10 7.134 0.012 2 8 0.560 0.592

a Positive association.
b Log transformation was applied to all data to satisfy the normality assumption before

ANCOVA was performed.
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Table 21 Results of ANCOVA for the influence of the number of cells with immatures of
individual developmental stages and observation periods on the hourly frequency of

dominance behavior performed by the queen or workers.

Performer

The number of cells Observation period Interaction
of
Colony
dominance dfv df,  F P dfv df,  F P dfi  df F P
behavior
Eggs
Queen Aab 1 13 0.175 0.682 1 13 40.669 <0.001 1 12 4.744 0.050
B 1 3 1.085 0.374 1 3 1.755 0.277 1 2 0.859 0.452
Cc
D 1 10 0.029 0.868 2 10 1.075 0.378 2 8 2.663 0.130
Workers A 1 13 5.374 0.0374 1 13 0.324 0.579 1 12 3.476 0.087
B 1 3 4.952 0.113 1 3 0.629 0.486 1 2 0.264 0.658
C 1 11 12.919 0.004¢ 1 11 11.581 0.006 1 10 0.004 0.951
D 1 10 1.155 0.308 2 10 3.965 0.054 2 8 0.356 0.711
First and second instars
Queen Af
B 1 2 5.114 0.109 1 3 0.919 0.409 1 2 0.302 0.638
Ca 1 11 0.162 0.695 1 11 2.636 0.133 1 10 3.648 0.085
D 1 10 1.461 0.255 2 10 1.92 0.197 2 8 0.717 0.517
Workers A 1 13 2.741 0.122 1 13 1.295 0.276 1 12 2.530 0.138
B 1 3 6.936 0.0784 1 3 12.637 0.038 1 2 0.138 0.746
C 1 11 2.784 0.123 1 11 9.989 0.009 1 10 0.204 0.661
D 1 10 0.024 0.881 2 10 3.057 0.092 2 8 0.093 0.912
Third and fourth instars
Queen Asg - - - - - - - - 1 12 64.158 <0.001
B 1 3 <0.001 1.000 1 3 <0.001 1.000 1 2 <0.001 1.000
Ch
D 1 10 0.020 0.891 2 10 1.671 0.236 2 8 0.447 0.655
Workers A2 1 13 0.409 0.534 1 13 0.137 0.717 1 12 0.445 0.517
B 1 3 <0.001 1.000 1 3 <0.001 1.000 1 2 <0.001 1.000
C 1 10 3.579 0.0884 1 10 0.359 0.562 1 10 0.147 0.709
D 1 10 0.842 0.380 2 10 3.461 0.072 2 8 0.052 0.949
No immatures
Queen A 1 13 0.008 0.929 1 13 21.121 0.001 1 12 0.408 0.535
B 1 3 0.743 0.452 1 3 0.149 0.726 1 2 <0.001 1.000
Ca 1 11 1.569 0.236 1 11 2.575 0.137 1 10 0.078 0.786
Da 1 10 0.720 0.416 2 10 2.732 0.113 2 8 0.181 0.838
Workers A 1 13 1.023 0.330 1 13 0.001 0.973 1 12 0.135 0.720
B 1 3 1.464 0.313 1 3 6.153 0.089 1 2 <0.001 1.000
C 1 11 3.700 0.0814 1 11 4.700 0.053 1 10 3.147 0.107
D 1 10 0.435 0.525 2 10 3.434 0.073 2 8 0.009 0.991

a Log transformation was applied to all data to satisfy the normality assumption before
ANCOVA was performed.

bThe normality assumption was rejected. Correlation analysis was performed separately
for each observation period: r = 0.550, P= 0.064 for the first-brood and transition periods

combined; r=-0.477, P=0.523 for the mixed-brood period without the foundress.
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¢The normality assumption was rejected. Correlation analysis was performed separately
for each observation period: r= -0.332, P= 0.520 for the first-brood and transition periods
combined; r= 0.695, P= 0.056 for the mixed-brood period.

d Negative association.

e Positive association.

f The normality assumption was rejected. Correlation analysis was performed separately
for each observation period: r=-0.345, P= 0.272 for the first-brood and transition periods
combined; r=-0.046, P= 0.954 for the mixed-brood period without the foundress.

¢ Correlation analysis was performed separately for each observation period: r=-0.679, P=
0.015 for the first-brood and transition periods combined; r = 0.986, P = 0.014 for the
mixed-brood period without the foundress.

h The normality assumption was rejected. Correlation analysis was performed separately
for each observation period: r= 0.328, P = 0.526 for the first-brood and transition periods

combined; r=-0.526, P=0.180 for the mixed-brood period.
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Fig. 17 Effects of the number of fifth-instar larvae and the number of fifth-instar larvae

per worker on the hourly frequency of foraging for flesh.
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Fig. 22 Frequency (%) of individual tasks performed by first-brood workers before and

*

after foraging for flesh. Worker ID is expressed with colony ID and emergence order.

Frequency of the behavior with the highest frequency was significantly higher than 50%

(binominal test).
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145



B Checkingcells [ Foraging [l Subordinate behavior

Provisioning food (] other

First-brood period

Last
39 51 52 31 30 1

100 7

80 1

60 1

40 1

20 1

0-
A1 A2 B1 B2 B3 C1 A1l A2 B1 B2 B3 C1

Transition period
100 51 96 77 33 48 28 12 51 96 77 33 48 28 12

80 1
60 1

40 1

Frequency (%)

20 7

0-
A1 A2 A3 C1 C2 C4 D1 A1 A2 A3 C1 C2 C4 D1

Mixed-brood period
84 79 85 21 41 16 22 19 24

I'nininte:
ININRIR’

%
%

4

100 7

80 1

60 1

40 1

20 7

A1 A2 A3 C2 C3 D1 D2 D3 D4 A1 A2 A3 C2 C3 D1 D2 D3 D4
Worker ID
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before and after receiving dominance behavior from the queen. Worker ID is expressed
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Fig. 26 Relationship between the hourly frequency of dominance behavior performed by
the queen and the number of eggs in the nest. Data points tagged with "A" indicate nests
after the foundress disappeared. O, first-brood and transition periods combined (first
half of the first-brood period for colony B). @, mixed-brood period (last half of the

first-brood period for colony B).

148



