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Research advances on insect sexual pheromone anti-aphrodisiac
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Abstract Anti-aphrodisiac is a kind of sexual pheromone of insects, which evolved in males to enhance their post-mating

success by reducing the attractiveness of females to conspecific mates. Here, we provide a comprehensive overview about

the insect species with research on their anti-aphrodisiac, the influences of anti-aphrodisiac on sexual cooperation/ conflict

about butterflies, and the exploitation and learning ability of egg parasitoids Trichogramma on Pieris.
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AAFm TR B e S B W A O DA R
G b f 255 ) 2 6 77 B I AE FH ( Krebs and Davies,
1979) , Tt B B ORI R 2 AF 84 i AH B4
it 2 2 1 /E T ( Vinson, 1984 ; Stowe et al.
1995 ; Hilker and Meiners,2002a) ,{H- 2% b{[]E’J
Fofr A3 TR 5 2 R BRI 31, A P 5 858
L 4R 32 2 B o

T AERE W 01 b OE A A 32 B HBR A 2
B A N i Rz A R R R S A A
FAE W) B9 4k 2 25 4k ( Hilker and Meiners, 2002b;
,2005a) , 17 FLiA 7] DL £ #9025 32
B iy A oA A 27 TS 5 ok € 407 % 3 (Vet and
Dicke,1992) , CA 2 WU 5710k B O 247 2E 86 ml LA
RO TR 2F 3 B PR3 2 15 % (Noldus, 1989
Noldus et al. ,1991a,1991b; Arakaki et al. ,1996) ,
{H27 A5 e X 27 A R (anti-aphrodisiac ) F1
MIRFFE— B4 20, TIPE AR R R FELb i 5 | B
S R B R 7 S TC o R 2 ME R Y
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SRAIET, AT LA R AT 28 TE 28 0 M 1 X6 L P
5|41 (Happ, 1969 ; Gilbert, 1976 ; Kukuk , 1985 ) ,
SRR UREIE Pieris A7 L6 8 (14 Ml 1 89 W 5L 7T LA AE
P Ao o oy AR AT A 00 P R B 5 M, AT R
R B i PR A I 5| 1 ( Andersson et al. , 2000,
2003) o ASSON E ARGE AP ACR 1Y B RS
PERR R XTI PEA T Ay (4 52 M LA K ol MR e 4000 A 2%
S IR R R ST R R AT T ZRA

1 FAIESREARRERNERFHE

PEUAERBESE , AR i R JUf 8 18
A 3 F HETR WA R T aﬁ,,ﬁ\ﬁiﬁ’ﬂﬁaﬂﬁ?@
W1,
1.1 $#HPEBRHAMEREAR

Happ 7E 1969 4E4iff 5% ¥ 4y B Tenebrio molitor
R, 0 P A R AN AN 238 5 O Y T AR ) T
KM | S, T L2 30 ok % S AR R ol 555 2 )
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HB R HErER S T o 7RI A T M
Hoop M He e 5 % B0, i B AZ TE J 618 M E X e A i)
W | R S W T B, TESE T R B Y S AR
S A% 388 — 6 0 J5T 2 O, DT 5 O 2 o G
M HEPERIR 51 7, 3X 2 58 e ) A% 366 1) 400 T3 A g 10
PERR .
1.2 833BEHMIERERAR

1975 4F , Hendricks FlI Shaver % B0HEM: MH 2578
ik Heliothis virescens A] BEFE A2 e if 4% 338 1 HL 2L IR
B LR WEPE , DATIT I 1 52 TC F 44 ¢ gl o ] e
MEPERI 51 J) ., Gilbert 78 1976 4F 38 idf FL FG Al
Heliconius erato PMAZ [A]38 45 28 52 1) J5 1% , 45 F1 58
PC O 0 50 A R R AR i i 1) ) B DR U T
URE T ) o A S T N A% 35 25 MEVE 1Y, O EL
AT R 2R LR R X A B MR . TR
2008 4 Schulz SFRFSE T FG AR A2 2 A R pfah
W Heliconius melpomene , 38 i FRic B SE 56 FlAk 2%
BT DT R IR MEYE SRR 1 d 5 A
(Z)-B ZHhifi | (Z)-Beta-ocimene | , IS 2 7E2Z T
N HEL 2200 J5 A 3 2 A , ) Sk 0 o) A5 xR £ e
SRERRIR | I B ) A P AR 1 A o )
(Z)-B Z ¥, 2000 4F, Andersson ZEAfF58 L T
SETC I R S THC 1 A2 B JOKk Sk B Pieris napi %
TSR AR AT Sy Wi S5 EF [] (AN [], i 1 BT SRy 400 43K
A AE AT AT S TC Ik 0 M A B X T e i 75|
AR TR A E ME S, O FL i U R FHAY (G-
MS) M5E T HAP AR 194k 27 U4y, 459 6012 8% 1Y
0w R AL o 2 K A R TR (methyl-
salicylate, MeS) , MFRIC S g0 W UE M 1 H A HESE A
REMMZY B, Andersson 45 (2003 ) HI A4 75 ik
WFFE T I DK S By B 1) 2 A>3 UL b /N SR Ay B¢ Pieris
rapae FIRSEHIME Pieris brassicae , Jg PLHEVE /NS A5
W) 4 Bk N 2 R ( phenylalanine ) F1 {4 24 2
( tryptophan ) /4 56 ) & IHAN MR —K B 2
PR 15 ke (indole ) 5 T RRE 1A DA Sie 93 M i AR B TN
M2 ( phenylalanine ) Sy 515 T ¥ & 112 R 40 14 Ak
FE— R NE (benzyl cyanide ) , I H 1§ th i Ik 83
SREFFI1/ NSRS S 8 PR R R R AT T e 1 AR
AN TR ) — 2 J 43, T DR Sy B 1) 40 4 8 3R 7 R e
PR A RS2 ] — 2R 800 .
1.3 HEBRHPBMERE

1985 4F, Kukuk BF 5T 4 H B b A 5 L 14 53

H b% % Lasioglossum zephyrum FLWEME & H B9 S bR
X HEEAAR 9 B W 5 1, I LR R e B Y 1S
A | A VR B 2 (H R T R 0 — L
SEWC G, HW s HEvERY B8 0 W1 T R, SR UTAT g 2
TESC T o T 06 25 M 0 A5 35 T H0ME AR ZR DA B AR
A R | At B 3 Y BE ) o King I Dickenson
(2008 ) #3147 Ry 2 0 J5 B9 B 2 A e i 1 /)
¥ Spalangia endius 45 3T AT R B IE O, & I
MEMETESEIL AS T T B EME R A S 3t 23 ik 5 A2 T
TR 53 %) J5E R AT i At 5 T i S e P 40 A K 2% R
ERRGEENER .

Harraca 55 7 2010 4F @F 53¢ 2 [ i 47 R
Cimex lectularius B, /2 B0 HHE PR 2 W 25 p= A Ji ik
ACER ST (] o e e, A I 1 E S 4RSS O X 42
I 2 1 BB TR 9 7 & 2 2SI J I MEPE o T
XU H BB E F M Drosophila melanogaster FE 4 1E
SERCH 23 % 3B 25 Wi Pk — SE AR 2R W) o, 3k 2L ) it 2%
TEMEPE A7 7E — B I [], 4 0 3 2645 2 ) ot 7T g
A ) 3 Bk FE W /E A ((Scott, 1986 Scott and
Jackson,1988) . 1990 4£, Scott 1 Jackson i i [t
BT LATE BB URAT 5 (0 3 TEJ5 T 1 2 PR
JE IR 5B T Sk BN RE BRI R 5 B SC L fe
P L SR i, A IR e R R R o T T DR
AUV A S EC I IHE AR 174 S A P ) i 35 /0 TN RE BRI
SR Y MERE TR S T SE IS A T R R e s R
AR o

Fleischman F Sakaluk (2004 ) 53 A T35 %1 &
W H Z WK R Acheta domesticus TV AZ Tt 5] 4% 32 45
SHE PR A VR 1 5, 9 o 3K 4 M 1 R 52 T 1 17
o 2 BITE 28 TBE B A% 328 265 W P RS 28 ) o, 3
VISR 1 22 /0, T4 B T M A D I X 1
0T E P T SS BE A B PR T Rt
T , e P i I AR 7 A TG T B B A A i 2 W e 41D
PER .

2 MR R XTEREMEIT AR

2.1 HPESRERIERE R BRI IER

FPERRCER B R R R S TE i A ) A
W51 7, it ek 20 1 P R S TS ) AT BE A
ARRS T 7 A A AR A ST, R AT A
Xt BU E A A i, G52 A U DR S Y — T —
E, 7000 AR B9 A 32 R R AL T X A X
(Gilbert, 1976) o {H J2& X & i 288 19 W2 R 43,
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Table 1

Reported species with research on anti-aphrodisiac

[ERREES

Insect species

ST AMPERR

Whether have anti-aphrodisiac

PR 12

Chemical constitution

553 H Coleoptera

WM Tenebrio molitor
%8 H Lepidoptera

YR ZE gk Heliothis virescens

A Yes

T §E7H Maybe have

i A< 4R 3E Not reported

i A< 4R3E Not reported

FLECHNME Heliconius erato A Yes i A< 4R3E Not reported
Al Heliconius melpomene A Yes (Z)-B Bk | (Z) -Beta-ocimene |
& Bk i Pieris napi A Yes K412 B B Methyl-salicylate
INFERS U Pieris rapae A Yes IK %1% g Methyl-salicylate 15| Indole
KR ME Pieris brassicae A Yes KNG Benzyl cyanide

fiii# H Hymenoptera
% Lasioglossum zephyrum T §EAH Maybe have i A< 43 Not reported
WA /NEE Spalangia endius A HEA Maybe have i A< 4R3E Not reported

38 H Hemiptera
TR R EL Cimex lectularius A Yes M A IE Not reported

X## H Diptera
G SR Drosophila melanogaster A Yes FEBB LW i Some hydrocarbons

H#MH Orthoptera
FIWREE Acheta domesticus

TR A Maybe not have

HBE R MPERRR A AR B PEH] . BF5E s ks
Ry BRI Y, SCIC IS A8 P SRy JORE 23 T I 2 4>
[ 280« 55— , B ) SRAB AT S 2 T PO 1 1 o
BF ( Forsberg and Wiklund, 1989 ) ; [K] A 245 ik 7= Gy
FNSE LK PN 70 B AR 75 2 R AP I RN
HUPEI, I HAR SRS — o B B[], 10 B Jk S A e
A2 HE B I [E] A B A 35 21 h Z A (Kaitala and
Wiklund ,1995) , 57 -, Wk 85 Ay 53k Jh A 2 1) o 185
Al RESsHa AT B A B b AT 77 O, DTG 46 2 T
Z 1k & ( Forsherg and Wiklund, 1989 ) W AE
M DK SR A B o, AP R A 2 T DAY B S T
iV P 1 ot e e o SR AR A7 Ay, 020 e A
WP F= B A9 T8 ( Andersson e al. ,2000) . M 55—
T, MY I K SR A 85 7 A8 e I AN A A% 388 K 7
2 WV ] I 3 25 4% 338 R B 1% oAt ) Bt ( Wiklund
et al. , 1993,1998 ; Kaitala and Wiklund, 1994 ) , iX
LT o5 e B R B Y 23% , Rk R
WEPETE I 58 X BE W T3 I, A AT RE P 32 8T
P8 R 4 3% K 1 B9 K5 T ( Forsberg and Wiklund,
1989) , Jfr L PR 5 JDk Sk oy S AE A2 L 5 A7 — i
148 AN v 8 ( substantial refractory period) 33 T 4
~6 d J5 A4 2B KA A (Kaitala and Wiklund,

1994) , 6 BHAZIE i A EAA: 55 ik S A S0 ) e e i 75 |
IR B X MEVEARL AT 4 AR Y, 5 T A [ e 1
MEKE F Z 8] ) 5% 4+ ( Forsberg and Wiklund,
1989) o PRG3R 0T T 165 K S Ao 855 9 1 ok 13
HEAE HEAE

2.2 AR MIERTEARBEX R

T I 118 A8 A e DA — I — i ) ) 2 — i 22
I % B 19 ( Burns, 1968 ; Ehrlich and Ehrlich,
1978 ; Drummond, 1984; Wiklund and Forsberg,
1991) 107 ELAfe 1A 0 R N5 R v oA R B P 4 v
7B S R 3G 0 A w9 ) BT (Wiklund e al.
1993 ; Kaitala and Wiklund, 1994 ; Wiklund et al. ,
1998 ) . DAl IHe £ 5 256 v M 1 AT 22 U 52 I [ A i
PAGARZ 25 b o TR T 65 oK i by SR 3, R 25
BEA 5k S8 E P[] A A, O[] A e 1 1 A 5
J1#85R (Wiklund et al. ,1993 ;Kaitala and Wiklund ,
1994 ; Wiklund et al. ,1998) , HRIETE H , B4 Fp
FEOUA 12% Fo Ml I JDk SR8y B — A= RS2 il — Ik
( Bergstrom et al. ,2002) . {HAEIXIS 41 T 14 3%,
AR 22 P MR AR AT Ay A RSO 1 % T S 3
U, ME MR 2 £ K A BE BY M ] ( Bergstrom and
Wiklund 2002 ) , 3 H A iz 18 ik W 3 A A% S f ]
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AT LEAE Y (Wedell et al. ,2002) o {H 2T kR
F B b e S T R B O B DR 3R 2 fE 0 0 R
BRI PERCR RES A R o Q2R 52 B Jm i 45
AE 1 F T 00 M R 3R 00 BT, IR 4 M B 5 TT A AE
HEAT — W WL J5, F IR #E 47 22 BE (Andersson
et al. ,2000) , JIB2 MESEEARE A T HIMPHERCR
FIRETIC? TR SR e I MR A, & — 9k
THAE , H AR 0 4E 46 S Mo iy 4 OF Ha &k
— BB LR (Obara, 1964 ) o BIFFEIIESEAC L
AR S TE 1) 5 JU SR Ay SR 428 1 3 b 2 i) #2x F
SRR, SSHC IS ME SRR TR MR, TR
8 T SRR T3 1) LA AR 15 B e B0l
PR & — D HSIWAT N, AZ S A S =
( Andersson et al. ,2004) . Ff H K5 Ik SER MEAE L 1
UAETLIT , BEVESS T MEPE A T30 i 2 (Wedell
and Cook,1999) , [F] B i1k 25 T A S ME AR —MeS
W fe 22 1Y, DS 7 G I R SR 55 1 Y5
BiJe , 75 Zoad — Bei K p st 1], R H s A s HoAd A7
AII P R A 23 #E IR BE ((Andersson et al.
2004) .

3 FREREEXS R IR R T A

3.1 FREREEXTSEMMEHNER R A B RN
HETE &A1 2 6 T KRB B R B R IE
MY BFTE AR IE , A Lewis 45 (1982) 1 U4l i KL
5 BR & Trichogramma pretiosum Xt 32 Y A 48 v
Heliothis zea WEVEJEFE A 1Y 145 B R I 3R DU T
fo WIS A R G T DI Ay AR S0 g P S s
FRR LI A I , Powell 45 (1999 ) Xif i £2 41 3¢
RIEVE T 273k, B4, IWPEBRER 2 A5 23 4 O 37
A BRI 7 Bai 55 (2004) AT 57 £ K MR AR AR 8% T
ostriniae I, 45 5 K 3¢ Wi M 1 2 91 E K IR
Ostrinia furnacalis J& 3 B)SRAH B, 12 705 HIR 846 1)
e ST O G- RIS 7 B (%) P 7 U T KR K Y
R T Fatouros 55 (2008 ) $i H 1 Ff 7 1) (4 1l 4
R T RE A2 SC L J5 A MEPE S P F K B PR A R
(L o AT 3 A B ] S P R Y R, AF AR K
SRR H WE R AR IR I T, brassicae TEAT I HERK
2R 0 — v f5 B IS TR] bE B Y — i . SE A
TIE B2 AR IR 9 mT PRI 38 52 T F ) 2 2 2 A
AP R I H 2o © 22 FE i v Sk B, T
RAEL S b BESE R IR0 AT, B3R 300 S 1 7
M s, SRR BT BN 7 T IS AF A ((Fatouros et al.

2005b) . £ 2010 4FEAATTHE— 2D AT 5T A B, H W6
Ak 7R IR 36 [T B 2P R B R 8] DR i A5 € 114 30 45 o
/NS B R A2 TC IS ME PR M R e R T
Huigens 55 (2010 ) 18 izt [ ] 5256 o 0E W, 2% 0% HIR 9
TEARIE AR B Ak , 300 2 5 52 TE I F) M A1 /S i A 1
JITme s |, I A 1 A AR S P ) A o

3.2 FRIREFEEBERWNERZSIZNTEEY
=
IR B A1 ) Sty B TS A A 01 R e

FEARIN 30 R 7] 42 2R S by e R 51 & 37
FAEY R A5, Andersson 45 (2003 ) ¥ 45 i,
RS MG JDKSR Ry S AT A Hh A4k 3R A A
MFEWN+FAROHEY L0 R T, M
Fatouros 45 (2008 ) & L RS A WA H i A ) 1 1y
FEERAT N, s R Y R R AL E S U,
TXFPF 5 A 202 25 8 15 | 3 A Tk ol MR e e 58] 7=
(R R AL T R A A 5 U B ) B R 1SS
J P S P S AR i i 1, O ELIE S5 3% 40 T el
JEAIPERRER — 2K L (benzyl cyanide) , {42 i)
TR SEHC ME TR & H I, S RN RE S R AEY)
FS UL . 2009 AR [ RE T IR AT TSN R I L K
PUASHC G B MEPEZEF= B0 3 d Je B RES | KA Wik
SINE W5 | 0 A i o MR e e 381 s ™= B Ak, I EL
UESE T | AR ) SO 14 T3 2 e 52 T I e i A A=
BRI R Y 3 0 A 2 0 B HG I 03 A5 R ) o
5[ ( Fatouros et al. ,2009) ,

3.3 FREREEXSSEMERANER R IR A BE HHIFES]
B IEAS 2 BT A 114 205 HR 98 R BR 8 e R Mk 1 R0
BN F R NI RRER , AR WoR ) AR IR T
evanescens X REMY IR S I VEAE 2 O F A H i
TR R RIS 2 5, LA AR RS AT, 2
A i, ANRE X 53 , A R B Hh A2 T 5 AN
AR B M 1E (Fatouros et al. ,2007) , 24 42
T RE 7 > BIERIAMPE AR A9 IX FPAE JJWE? Scholler
1 Prozell (2002 ) 45 i)™ 215 HR 14 BB % 3 4o 2% >, 418
FIEE AW Plodia interpunctella % TEEE R (Z,
E)-9,12-tetra-decadenyl acetate (ZETA) Fl1%F £
B ZEK . Huigens 45 (2009 ) i@ id 3 /> BE 5
55, Ho— JRAUG L IR R W SR 7 28 it J 2 & M
PVERICR 19 MEPE RS R B b ER R LE 2R 2R

7RO AR AR 7 DA A LR A A A IR S
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R A MESR b5 = b o IR 5 e s T ik 1y A5 410
PERICER AR 1Y WP R Sk 8¢ 1, O3k a7
ACHRFN Sy MR Y IR I A A=, 5 R A5 3 40
A REIZ AR RN MEVE IS M A mPE AR
AR SR B ORI AR B G AR IR RS K, 2
BRI KSRy AP PERR R AU BE Ty o 5 i A2 BH
F S5 (Smid et al. ,2007 ), 3IE B X Fhic 12 7] LASF
2224 h DL BB, 3k T A g )
ARHR K 15, 2 JE W A & LY (Huigens et al. |
2009) , 2010 4FAAI IRFFEAGE , ) AR IR I A
S 2 i R e, BE PRI 3 A2 T f5 P /N
SRR R RCR O B 8E 5 3
TRTZIRER 7 O b A, (HR I A W9 %5 2T e e
BRI KA i042 ( Huigens et al. ,2010) .

4 RE

TPERRR AR B i — {5 B R, B B
WE9E LR Z 12 W H S8k . I8 A7 Ho At A
KRB PG WSRO ERER, 52 TE—
SRR E Qi AR Sl S B R R, KAk
T XA A7 AL W RE T X ATTRE A S
R FAT IR A HR A Fr T 9T

[ SN AIF 98 R WX T B0 25 A B HOR 3, I
A 32 A PR RO TR B0 A 0 R MR AR A
FHEIH ., 1H Steidle 1 van Loon (2002 ) [&] A} 135 H
G2 A e ) Y B A ) M £ S A PR, DR Ay A
PEAR EAFAERT R) AL, XE T 2 BRI , ] i 27 3 2%
FE RS O L i A VR AR L, OF BAR 2R M5
SRR S ) M SR A 23 A Y B 2 A e S AR T LA
PRI 2, X H 77 AR 1 B LA AN K (Fatouros er al.
2008) , TIANH A A SR AR LI PERRR A H A
CRF . HETRIFTEAS F0 R A 5SS IE Ja i EPE A2
R A PERRER T A AR e S I P AR 4R
A 00, LA PR A AT A AT b A B M A R
( Fatouros et al. ,2008) , FfHAY 0.5 mm BYfL/ MRk
MR, TR AT BE 3 #1005 1 45 ) BE ) AR AR A FR
( Wajnberg and Hassan, 1994 ) , 1T 7 HR 38 1= 448 )
A FPERCR ] AR AR B0 0 O A A, 4
TRATAIGARAT IR A TE], 1A T RE B AT ],
Fwg T A A Y AL (Huigens et al. ,2009) . {HJ&
IAEIBATE R , T A TR 25 R S 2 URIR B 1Y A
SR PRI R G e N0 381 8 T O 1A SRy M & 1Y
MPERER 7 [AIS Huigens 55 (2010 ) 1 % L0

N LA I RRR AR FH T 285 B 88 0 H 5 1 o
MR 2 ol ofs M e F, 2 o e T 41 1 R R AR I A I
Io FUA SRR IR A 78 M SR rh i, AR IR
B A BT L AR DN 3], 3¢ Ao 17 100 %o s HIR e 2 A
SCHY AN 25 5% B AR S ik A7 7 1Y — S8R
R B AR TR ) Jo 0 7 A R o AFL 2 3 R
PN IR TG R A Rt — DR .

TR TSN IR Pierds 1Y R UK, PRI
HCER RE DI AR IR B R0 3], W i 2 foft JHL AR A7 T i AR
K B9 & J7 (Huigens et al. ,2010), Andersson %
(2004 ) JgliA HREPE ™ AE S0P BSR4 0 eV %) 7 B
PR H S H Y I VA 7 I8 B S R e Ay A
AYPRIZR o T s MR e o) 2 32 Ao A 910 1 49 3l TR T i
B E ) R 25 i3 32 R A R iy = el
A2 A3 R 3R AR e A 35 A% 1 B AR BB R
WARIE, S E, HATY PG R E IR R G EE
SR IE LA /b KR B AT B 58 45 3L, 08 00
PRI RN 22 5 RO % M 8 3838 TR R 46 1) i Ak i
BLAVENT o ROHT RN T BRAT (2006 ) X i 2 1 5 5L
FEIR ARG sL 5 IR R T 2558

LRI ML 2, I T E (A,
2004) , FRHRSEAEMOL AN Tz, FAE HUR IR
BB TR A AT (2 R, 2004 ) , 1
HAEE /MR BT AR IR M5 e AE AN B e B EAYIC SR
( Tabata and Tamanuki,1940) . B $R#X 818 (2005)
2B 1 Fatouros 2% (2005a) £F Nature | % F IR
BRI W R B 5 AR, (EL ] P 30 R I AH G
WIS R o B R R IR X B SR A b2y
TP A K2R 3 TR AR B S e, XoF iR IR e X
SENL A EHLH AR SEASE BEHG T4 T X B
PEA A FE TR AL A TR, B R4 v B e i 2 ) By
TARCR,
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