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BHEIC T T A ADITENIFGE &
Z DN A F1 =X I

R B, AR, RE —, RE KA

FERICKZE, A3 3IYNRFOOR-—
Tld, AAP—RFICKEICEEENS. £+ X
RGP, —E A THRAN TR L,
ZO%, MEOHTTLRRET B IHICHEE
WKHEAATRATHL. TOXS EAADRS
WEBERT S &, bAoA T I VNFEEEICH:
2N E R TH O ENEE, T ADE
FEITENI LB TH D, Bt oEoL 2
LHFEORERBOMENEISICEEZS. 7
N, AU VNFICET BEDEE
ARERT—Hh— b TTICETBZEDTHY, +
AT 2WIu3EN DR,

AT IYNFOF AL, FERITS LT
SEINTRIFBEAERDTHA I M. MEMTIY
INFDF RNTBETERENFH ST, FEDE
R EOMMRITEIL A ENEWVD, XA LI
NTRBNEEOMEERLTWEhE LNk
W AR B REHESER I N TS
STEF, AREMERNFITHEICKD, =
VNFOUEMELDOFERNONESNE M E
LEW. ZOXSBHRT, bt Ao
BOEITHI ORI B D B N R ORI D
WTHDHATYWS. A I T2 VIRFOAR
T, LD SMAMIEIC X 2B A =
ALDBEMTONTEIZ. F AQOEIETIHN
RGBS, A ALFONDWA = XL
WREE DN EI ML, KRIEHEZNTHE
V. T ZADIENBOFRE R F N D D REEERAT
ZITH5 T ic kD, HEUEOBEHEOMEL
EHNTWERHBOEBLE LU TIAR L TESD
& LNEV. AT, BAYMEE UTERYT
BEETIY (F—RZ) IKEHEBAL, R—i%
S UNF ADEFEITINC E D X 5 B E 52

TWBDPEFNTLTNL.

KT I UDOEREE S
F—INZ v ise

ERT X VSR SEDE, HRIEMYE,
PRERIVE Y & UTEM « BT THAE
T% (Evans, 1980; Burrows, 1996; Schultz,
2007). MHRmEWHEIE Y 7 A0 nE
DMTME L LTHI UM TS T T A%M
W2 mES 5. MREHYEE 2 —a >
DKL S R = 2 —a VEHCERL, &
F P IMRENER S 2 — O Y ORER LR BT
b ERTE. MERLEZnhENL, K
HEIFOREAINEIAER U, #iiz BT RIS
FIERTT. TNEOBEEDBNIZEET I
VIR RN ZAROBELZORFHICK 5
THRESNZ EEZIOBNTWS (Bicker, 1999:
Blenau and Baumann, 2001). 7 3 /43 #s
WG TR, Za—aviE, Hivmiick
K7 IVERETS. I NEERT I 03
ERHIIIC S 2 BRI ST 5. HEBIS
WAIRD > F T ARETHRE L TWD F TV R
A==l XoTERNE N, v+ T AHBICH
CWYIAENB D, HBVEN-7EFILIER
BRICX > TRESEEENS.

EERT7TIVO—ETHS F—1I2E, B
MBI BT % HEAE Y Mercer and Menzel,
1982; Vergoz et al., 2007), & @)% (Draper
et al,, 2007; Miyatake et al., 2008; Nishi et
al, 2010), % %# 17 & (Wicker-Thomas and
Hamann, 2008), Z L TH:HK# (Neckameyer,
1996; Pendleton et al,, 1996) & - 72 {TE)
RPEHZMRAL TS, EAITIVNFIC
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BOTE, F—nRIVicXBRABEDIERD,
WH O T —H— (Mercer and Menzel, 1982;
Vergoz et al., 2007) “PEIIY — 1 — (Harris
and Woodring, 1995; Sasaki and Nagao, 2001,
2002; Dombroski et al., 2003; Beggs et al.,
2007), #z F (Harano et al, 2005, 2008a)
THEEINTVS. F—RI VK5I
DL, T—A—DOREADOEHE (Bozic
and Wooding, 1998) & EDRRBAITONEE
(Harano et al, 2005, 2008a) IC&H 593 &%
AbNns. FAOTEHCEBICHET S F—/33
YOBRENIZ EAEFRENTORWD, X
DA D F—32 Y EREIHLED HIRLIC LR

LTWhE, 7T~8HIRTE—JILGEL, 0%
A LT < (Harano et al, 2008b). %7z,
BTO F—/83 2 b5V 2 H— X —BEFD
HEX, BRI LELTWL Nomura
et al, 2009). A R—IVEO LHMEL
Afnld A X DR RIITHRE E N AR & BEix
BT b, FAOEFETHICET S F—33
COBERELLND.

I ADFFETENCE I B
F—NZ2DOEE
R—/S 2 I3k LB OEENE 2 (e
THRELEDHBHT LMD, IVYNFOLR

-1 aa=—2
Al B1
300r yruskal-wallis 3001 Kruskal-Wallis
70 250| H=72.48 ¢ 250l H=51.48
» P <0.01 P <0.01 c
— 200 200}
>
=]
& 150 150}
= 100 100
5 50 50
0 . 0
012345 7 89101112 141516 6 2 456867 10 13 16
(10)(10)(10X10)(10)(10) (1B (1IA(1IOINAD 8 (9) (10) (6) (1) (10) (oI (1) (12) @
A2 B2

Kruskal-Wallis b

% (pmol/pL)

i

HE
I

1t FDA

Kruskal-Wallis ab

0123 45 7 8 9 101112 141516 0 2 456 7 10 13 16
(10) (10)(10)(10){10) (10} (10)(10X(10) (9) (10} (8) (8} (10) (6) (10)  (10)  (6) (10) (9) (9) ®) ®) @)

~ A3 B3

= 140 140

= Kruskal-Wallis b Kruskal-Wallis

S 120r H=g268 120} H=48.54

émo P <0.01 100} P <001

p—g

& 80

2 g0

<

o 40

<

Z 20

= 0 0 PSP

= 0123435 7 8 9 101112 1415 16 0 2 4 56 7 10 13 16
(10)(10)(10)(10)(10)(10)  (10)(10)(10} (9) (10) (8) (9} {10) (6) (10} (1) (6)(10)(9) (9 ® ©®) @

s (ED ED

1 AZOEEE (AL BD, fid F—RI & (A2,B2), @HN-7EF/L F—32 & (A3,B3) OHEREL
Aldoo=——1, BROOZ—2DERERLTVWS. 7oy bOEESETH D, EHEidigs
FETH D . MIERE N F N Kruskal-Wallis test(P < 0.05) 217V, ZE LB (Steel-Dwass test, P < 0.05) T,
HsEORbZBE Uiz, AROTOMERY I VEERL TS, Akasaka et al. (2010) & b 2iZs.



EBNWTE R—2 U RERITOELEED
LAREMENEZ BNBE. FT T, T RADREMR
BT BT OREE 2 RERE N TS
Bz, FIHITR EOHEARNRITEIORE)
WAV S T LI Uiz, SRRV
a7y vTHEs Y y—L (BEE9m, BE
1.5cm) ZAWVWz. v —LAICHEBEREZ
Y, RN EVTy—L (ER 4cm, &
T lem) EEOMNFET L TH—Fy MRIC
Uiz, €61, Yvy—LOETEEESZ 4
REIC L, KEZHTEET 5E8Z 7Y
U7z dEEi 2 5l U T @b SRR 2 L,
M =R BEFORUMETHBN-7
Y F I R—2 B % HPLC-ECD £ CH ik -
FEEL, BEEEIEEOBEGRERNE. Z0
FER, EEMEHBCKELTERLETSC
LBy o7z (Akasaka et al, 2010) (X 1 Al
L BD). EEMtEOEVEERTE, Yy—LAT
HWRT Uk B8k, ST REZEDIRT
ik, H3ViFEL IRV EERDNED, %
BRTEITS 6 Aitlior3ieoh, ¥iE
LI 2 EEOHEENZ {EZ> T o7 —
F, M R—=RIVEBIEIME%K S ~ 6 HifE
TLEALTVE, 20%, BOLTHITLEN
53 o 7z (Akasaka et al, 2010) (1 A2 &
B2). I R—/SX VEOEIZT TlIiliE X
NTVBMAR—33 vEOMEA (Harano et
al, 2008b) EH@lTWi., M N-7EFIVER
— T VEDLERIZ 10~ 12 HRETHLN,
fiff R~ 2 VEO LR XD B E < EHimn
Aol (E1A3 & B3).

BHICHIT AT L 0o T By S 2 —
YRR T BRI TS B.
ZTT, MM, - BRI EIN O F—
NIVBEERRUCEKTERBLEECS, TN
5 OO F—32 VEid § TR ERITEA
HHETcERT B & yh o7z (Akasaka et
al, 2010) (X 2).

R— I Vi XA BRETENDOE 5 2PN
Tebicid, BARMARITENEMZ) Tk SIREIT
BV T HBIC K BEEOBVERHAND
DENRH B, FTT, FAOMEPTEIE 24°C,

23

2504 Ix DEMH T — (45 cmX60 cm X
45 cm) WTEELEZE T3, 0 HinTlBT
g BMEAEDOHTH -7z, 3 High S RSRTEn
ZTHEELHANSED, THEPRTIEZEAL
OEAZHEM USRI/ E 25 5H{KTH
b, 8 HIICKRD &, & AEDEEHIAET
#2177z (Akasaka et al, 2010) (K 3). <
DFFHEROFERIIERFMF T TIT>728DT
BHBM, FANF Ty TEMOTZAREET
TORFARETE, BEEROBRMMETN T
% (Tozetto et al, 1997; Giray and Robinson,
1996).

BT PR OEENED ERIE F—/33 24K
HHOPETHBN-TEFIVR—NRIVED LR
EWFTFLTR o2, F—SIVRN-7EF
WR—=NRIVEDOLRE, F—IUHEE,
PSR S U ESARAEMMICIER L, 2 D%,
iR D N- 7 2 FIVEER B RIC K > TREHEL
TNREREEZDNS., F—RI VRCE
VB EARWNEITINE R E L, - Sl

an=—3 ans—4
A1 furp B1 ifush
Fvi gg Kruskal-Wallis gg P <0.01
=2 H=18.25
S0l p<oor 40 (10)
=23 b (9 b ,(8) 30
= 520 20
T L (0 1g (10)
¢ 0 5 7 4 7
A2 I B2 i
D 80 Kruskal-Wallis b 18 80 P <0.01 .
e H=18.10 5 e
Bl Y P ) 8
2 40 40 (10
33 a (10)
SEE 20 20
=S o
0 0 5 7 4 7
A3 g B3 h- i
LZ [ KruskakWallis g
gﬁ) 81 h=g 74 b [(9)
£ pPeoos b8 6 NS,
=X 4 o L0
=B, a i) 2 (10)
=50 0
= 0 wnl 4 7
v (ED s (ED

2 A ZofuH (Al,BL), WM (A2, B2), o -
HHIHEEIA (A3, B3) O F—RIYEBOZEL
Aldan=—3, Blidoo=—4 OBREERL
T3, BERIESERETDS. 757
LFOBEFRY T IVEBERLTOS, ano—
3 O E T & Kruskal-Wallis test (P < 0.05)
EIT, ZEEE (Steel-Dwass test, P < 0.05)
T, HRBOBEZMRF L. On=—47T
& Mann-Whitney U test THEZELERE L
jz. Akasaka et al. (2010) Z2Z.
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5
=)
K3 A ZOREPTEOFE
FHEIEINS T2 2 0% Linh o ok, R
EINE /e ETFHRTo oMk, BOZRETE)
BT lzf@EERLTWS. Aldoo=—3, B
Bao—— 4 OFRT, hILAOEEREY Y

TIVEERLTWS. *i&, O HERL 8 HiRlC
BT 2 FEHEROEE % Fisher' s exact test (P
<00 IKEk> THRELEEMBTH D, HEE
WHBHT &ERLTVS. Akasaka et al. (2010)
K OHE.
¥l BTG TR O S X — > DI RRICAE
ALTVWATHRENEL D S.

RBEHESvIICLD
F—INZ > DOIERDREE

F AR -T2 F—RIVED ERIR
RENTED, R—I U RESHEZEETES
REZE-OTVWBDTHAI M. AR R—
NI UEEEEATSRE, T, N-TEF
NWEBBZRIC X > TRBENTLE > BN H
5. FOlY, R—NRIVBAET7TI=ZANE
TYRIZA R BHWT, EEEAOREEH
Nfe, 7dzZ AR eid, BARKCHEEL, VA
VR (TOBHEE =82 LEIUCXSICHM
FINICEREERTO N TERY-EDT &
B, TUAIAZAMISRRICHEATES
W, BREENEISTVWHEOZ EEWVS.
DED, TUAIZANMIZEMKICY AV RH

BETERVEIIKT R 7Oy h—& UTEA
T5B.

4~ 5Hig DA X1 102 M cis(Z)-flupen-
thixol (72 d=X ) BEAT S L, EH
R L, HSMICEREEBRNE Eo7.
TAIZAMEAE 2HBETHEITEEER
WAL, 22M%TE, 72 dA M0
ERIZ <k b, FEEEEEE LU (Akasaka
etal, 2010) (R 4). X E LTI VNF4E
MIBARZEA LT @E TR, EEEdmd
Lixhoie. ¥, BUHEBROA AL 102 M
6,7-ADTN (7 d=RA ) BEATR &, EE
KEI< 21Kk D, 10 9RicEEEIEERK
ERLUE K0EVEE (10°M) O7 32X
FEFEALULBETD 2 BRI BN
R U7 (Akasaka et al, 2010) (®5). Th
LOMEND, 7O A MIBEERENICTEE
HOMENEERL, 2 BERERMEEC
Llekb, BATIEL, FHTRLEZLN
%, TOXIIE, FARARBOT R—I3I U
B (EE T B 2R D C L DERINCHK
ALCETE.

R—=X VD F ADEFMEORECHEE T 5
EThiE, Bl hZEaN—20H%. Fhd,
MEFRRMA O F—/2 85 8 B LR D
THDIHL, BEERERULETS VI
TH5. 8 HmLIEDOA X T, HW» F—33
VETEHWEIHEZ#ERLTWE T 2IckD,

Oaviro— M7yEd=2b
140 -

N.S.
~120 —
R0l Ms P <0.01
5 80f
5 60 |
= 40 L
e
=20t

o 12 L 112 . 112
104y 2 B5RS 22 B5/8

REHIG

4 F—R2UBHEETVE2IZA L (cs(?)-
flupenthixol) I & %4 2 DYEBEADRE
RIS EERRE R, B ST FORFIRY Y
TVEERLTWA, B Mann-Whitney U
test ZFV, oY hOo—)L#E 7RI b
LR e U 2. Akasaka et al. (2010) #E4ZE.
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st |
B®5 R—IUgakr7d=xk (6,7-ADTN) i
& B A XOTEEEANDEE
e WSS T FOBEEY
YINBETRUT S, MFER Steel’ s test #
A, arviho—VEEe 7 I MMLUEEE
g U7z, Akasaka et al. (2010) ZHZ.
F— R V&G DOBGEIFEL TS X
SCHAB. F—I VEEBERHOLT ADTET)
ME LRETE35EREUTIERLTVSD,
HEE 2T A BBENch 0 LN
AR

EIEREDHES
F—/Z 2 DORF

AT TIYNFORAILBNT, F—%
IUNEFBEORBEICES L TWE T i
T TNz, BT —h— TN FEE L

R 2 k-1

ez
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N F—/R2 VEICHEBEIN A S5 (Sasaki and
Nagao 2001), F—RIVEROENREES
OB FEDEE X NS (Dombroski et al,
2003). FADHE, HEREIIHLEE, S
£, F—NRIVELHEBIKEKELTERTS
TEDD, RIS K BEHEEEDORED
EEN TIN5,
FADEFER B FICH FRAERET B RH,
EREINEFEET B, TLTHET
WKIRET 272000 EET B BERD, 5
B BHIZAIHBETESATED, T
EROEESHELKEV. Fiz, TORHOR
BidE, 5507V -LEBELTVS. 48
HEgcM > TREBRIZZEA, TULERORH I
NEC B, DED, RERTICHETES N
T TFHIFRBECEADNT VR EEILN
5. £, TORHAORBEIEEN D - oIl
5. BRI S ~ 12 Hish TEREA B L,
RET S, Fiz, (MERERIIPLE 4 Hin
FTEAL, #ETS. TOESIC, K8H
M TICEMBREORENRTITHT LILED
&, 1989; Harano et al., 2008b) (X 6).
FMIEERTIEH BN, B4 i F—
ISEUEBROEEREET, #EM, BRNTHE
L, BBEoEazilE Lz A, F—

i (ED

6 A XDEFHIRE LATEIDOFE
RE 0 HE (W), 4 B B),8 Hile (O OAMBEZRLTVS. I 8 HIRlRFERICLIER,

IR L AEREARE ST 5. TRIAST, PdeE, REHORERr V2 —VERL TS,

BT

WHEEHIC ERT S, PSSR TG HEL, TYIORFEE L2 ons, FSIOR
P 8 A E CICSE 79 5. EXIZ Harano et al. (2008) %, FXliZ Akasaka et al,, (2010) & EI /ERL.
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IV KA EEREREORE R IR TE
ot LhL, F—NRIVEEERELTY
fez b, R F— S U EDAENTE
CERERETETED, $HERTZLELD
%. £l, AADHRTRAFAERTH &, F—
IRIUBOBEMDEEMEO LR, FHEIEEDOK
Bl e - (TEIDFENENS T L DY
TENT=. FABRIET—H—0 5 ORERZ
FTHRIT 55 E, T—A—\DIKEED S
W khh, BAoou- -0k 3T —h—
W0 B 54 SRR E N CHIE T 2080
HHOHE LR,

BEHSMEEICHS
FIERIHDZEL

— DR R R R DRI EL SN TR
(RIVINFISF 2T FHNF) &, KR
BUEAZDBEL, BICHZEIRTS. AR
I TR, BED DR, BRA
&S, FULTC Y —A—3kd 5L,
FRFREINCERT B, CDXSIC, FHE
HEWNFETE, H—XMITOReRDE
BEBEL TV,

Y ADIAATINTINFICBNT, i
MERVEY ) BEPRAR—1I

23793 vINT
(ByE R )
JH

1T

DA

LRATIIOFEH
R OFE

TYNRFIT—~H—,TE
(BEEHRER)

ORI

RSB O
PSR

BIGINEREL L&l FHET % (Bloch et al,
2000ab). T &5 EHEBREEIEDOT > F 4
NFEBOVTHIERENTWS (Giray et al,
2005; Sasaki et al, 2007). ¥ BiC, 7¥FH
INFIC JHBRDP R—R_3 VEOERETS &
PNEFEEMNMEET NS (Bohm,1972; Sasaki et
al, 2009). ThoDHIRL L, RIBMEMLS
HENF T, JHR F—=8Z i kD, SED
FENI PI—)LENTVREEALNS.
—HKT, TNHOETE, JHEYV—A—HO
FELCEBED>TVE LI THSE. T FAHN
FOIETE, J—H—ICJHEBHFTS L,
HORFRPORETEINFL I NS T ENMEE
NTW»% (Giray et al., 2005).

SYNFE, RO EED, KEEY
— A —HVERA L o0 R R SRR 3
LTV 2EEEHESNETHD. TOETE,
EEINZEM & § B ERMEINT —H—0 JH iR
BN T —H— L HENTERL,, AT —A—
L EEETHS (Robinson et al, 1991). Al
KEWL DDDEFMMN S, IVYNFDRXRT
1%, JH OB RIVE Y & L TORBERIKE
bhTWwsLEZLNTNS (West-Eberhard,
1996; Hartfelder, 2000). fXh i, JHEY
— A — DMy EERETERN—AA—H—

ToFHINF

(R EH R 14RE)
JH U - SR L

2] R DY

DA FEHTEIDFEBR

IYINFFR

(FEEHREE)
JH
YT
4Ll R D P
DA

7 JH & F—/83 Vi & 2 BEREHIBIOMER] - S Lbi
HMHERTH LY a vy g UNIRFBNEHLENETH ST v HNF TR JH, F—
REIVIEL > THEMMBEDERETIIMEEZ NS, SEEHESETH LI T IVRF
DARTRE, JHICXBEHBEDLETHOMERIED DN, F—RI R e0fiEE

FRHLTVS.

RYNFARTR, 7 FHANF LRBHC TH OEFEERE R BT RO/

BRED IR ENT VS, MHERT JTH OBRER R 2D F— R IV OBRERIGETH 5.



BFIVEZE LUTHEEL TV % (Robinson and
Vargo, 1997; Page and Amdam, 2007). # A
KBTI, JHOMRRRBFRLVEELTD
BEER oSN TVWEYL. LrL, F0O

BEOEERIMAPEEDO Y — 7 IR BRITO
BHGARH L — B LT D (Tozetto et al, 1995;
Giray and Robinson, 1996), JH *® JHA (XY
TLYV) BEREEIOMBICHT &, RERIT
DitZRDH B T LN TES (Giray and Rob-
inson, 1996; Tozetto et al,, 1997) T & h 5,
JH @27 L BTEME Tld A ADEEZ (2
TEEREVHBEEALNS. TORLVEVE
EHI, A ADHA R—I VEZREITST
EMREENTED (Harano et al, 2008b),
SERLEEREGDES L, JHIE F—32
v e HITA A DEFER I L TO 2 ATREED
WEEDNS.

FROMAZRE L DB &, FIpNELSNE
THBT7 T FHNFRIVNFNF TR, JH
EF=RIVOmANEREZREL, JTH iR
BOELHETT2EEPHS. —75, BEEM
EHTH B I VNFDORAATIE, JH O
HALEY E LTORRRRKRDN, F—/RXY
iz X3 BHOMELNALNS (KT7). L
ML, ARATE, FRNEMASEEOEEN MR
FEINTEHD, JH® F—33 VITEHEE R
5 (W7). cOEIHRJHE F—=1RI VL
XBEFOMEERIE, BWEETHL Y
Vg UNLITEHALNB T &5 (Gruntenko
and Rauschenbach, 2008), Bt oD ZL5# 4
BREEZHSHEL 2RO TW S AR E 2
5h3 (4R, 20100 (7).

Koyl

AETE, FRAOEHREITHICHEDS F—33
> DEERRNTRANz, F ADITEI B
WEIEBE S IEH O T, ZLOENEIN
TW5. U—A—Ti&, £h7I0TH5%75
PRI UHRGTIIZ (BT B LI WEND
D (Schulz and Robinson, 2001), 4%, # X
B BMOERT 2 OREMRFT AL & 7
5THA5. ¥z, TN OMBRYEOHRER

27
FRB T Lic kD, RERTICHT TER - 1~
ANETEDZAL A O RO B ZH 5
MEL T T L, SROFEO—DTHS.
INSOMBENERT R ik, ki
{LOBREEE > TV THAS.

GRiR Y, fEcAR3, REF2 BRE3 10 T 924-0838

FNRELTRRE 3 — 1 SR TS /317 -
(L3, 2: T 194-8610 SO EEF 1|30

6-1-1 FJIKEMBEWZER, 3.7 924-0838 A
JIEELH AR 3 — 1 SIRTEAEAREHRY
A7 LRFERT
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Biogenic amines act as neurotransmitters, neu-
romodulators and neurohormones in the central
nervous systems in both vertebrates and inverte-
brates. Dopamine regulates diverse insect behav-
iors and physiology including associative learning,
locomotor activity and reproductive maturation. In
females in primitively eusocial wasps and honey-
bees, similar regulatory roles of dopamine in repro-
duction have been reported. Juvenile hormone (JH)
plays a role as a gonadotropin in solitary insects
and primitively eusocial Hymenoptera, including
bumblebees and paper wasps. In honeybee workers,
however, JH plays a role as a pacemaker hormone
that regulates age-polyphenisms. In male honey-
bees, the role of dopamine and its relationship with
JH have not been elucidated. Hemolymph JH titers
increased in parallel with the brain dopamine levels
in males. In addition, completion of reproductive
maturation and onset of mating flight in males cor-
respond to the peak of brain dopamine levels and
hemolymph JH titers. Therefore, it is thought that
dopamine promotes development of reproductive
behaviors in male honeybees. In the present study,
we determined hemolymph levels of dopamine and
its metabolite (N-acetyldopamine) in 0-16 day-old
adult males. The development of locomotor and
flight activities were recorded for the same period.
Hemolymph levels of dopamine and N-acetyldop-
amine were found to increase at the time of onset
of mating flight activity and those of dopamine
decreased thereafter. Both locomotor and flight
activities increased with hemolymph dopamine
levels but the increased activity levels were main-
tained following decline of dopamine levels. Dop-
amine levels in the brain and meso-metathoracic
ganglia showed a similar developmental profile to
hemolymph dopamine levels. Locomotor activi-
ties were temporarily inhibited by injection of a
dopamine-receptor antagonist (cis(Z)-flupenthixol)
into the thorax, and were enhanced by injection
of a dopamine-receptor agonist (6,7-ADTN). These
results suggest the reproductive function of dop-
amine in male honeybees. Our findings link the
role of dopamine with that of JH in enhancement
of basic behavioral activities for mating in males.
It is therefore possible that dopamine regulation in
reproductive females operates independently of JH,
whereas dopamine in males appears to act down-
stream of JH. Further studies will be required to
address how the dopaminergic systems in regulat-
ing female reproduction could be independent from
JH controls in honeybees.
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