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Strategies used by male and female insects in multiple mating behavior and sperm
competition
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Abstract: Females of many insect species mate repeatedly during their lifetime and have the ability to store sperm from

Zoology> Chinese Academy of Sciences: Beijing

different mating males in sperm storage organs. As a result> sperm from different males compete to fertilize one female’s
egas . Males display strategies for assessing female matermal quality» predicting future sperm competition risk- sperm het-
eromorphism and prolonged mating behavior. Females display strategies for assessing male patemal quality and the active

manipulation of ejaculates to give precedence to different male sperm. These strategies reflect the influence of both natural

and sexual selection.
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Fig.1 Male and female strategies of insect in multiple mating behavior and sperm competition

1.1 BRRERRETE

E & F B RO RS F A fe R A R £ IR
FCRE R R AT S R R S — . R —7F
AR LRSI A AR A A, i
RIFEER D, HAT5SEMMEEH KA. Rl
Drosophila melerkothana RAHEE 5 B AT Mo R, TR
ERU/NREEE, B 5T R TS5 R R IREC S
TAREMER (Hedge and Krishma: 19993, —7ifi§E 4]
Kb B HEVE S UE AT, ANBRUE MRS ECR BT 1A
TWEASLRPRBTERE, ~FRAE, EFEK
2NN S O AIEN R IN, AR LS AL
THEETRN EZEET. ATRAESKTHE
BE, i HSATEI S T A3 I (Wedell
and Cook» 1999). HXHEN B 5 FBARGLIT {4 BIBF
RAZHR DB EE., B, F#. ThEehK
BRI AESE A ER B S T3 LB e A
JEPRIATR), EIRLERE SRERSEE L ERB

HEWERERLARE AT HER. Fi, EHFE
TR Z R A FEEE R BB 2 KA 1
TP PR B & &R AR R T E R
(Clark and Begun, 19987
1.2 MR EARRAITESEF RS X
TEL AZELAE R, HETE — 7 THI TR R 71 A9
WrRFES, B hECE SR It
AT RAZES, EIEPIESI T, REMETE AT EC AT A0
i SR RO S A R ER O IE PRI . A
KRBT M BRSBTS T R
RS KBS TN 0B, KB BB AR
B2 (Wedell: 1992; Cook and Gage. 19950, 4%
E. F# (Cook and Gage, 1995; Gage and Bamard.
1996> AN FIABEEET FRE (Gage
1991; Gage and Baker, 1991> FAE 7 375 G W B
(Snook> 1998) FIHITE). WEE Requene vertica-
lis HEME S CAARE A E 2 2Rl = 20 i
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HWARER, TREBEDT OB TH (Simons e
al.» 19932, FEARYEZZACAVFR 1A TR B A R A L
) (Simmons: 1995). E1E A I Plodia interpunc-
tell HEVE S CAZBCHEE A BC RS, 7] R4 L 5 Ak 2
MAZECR EZ RIFET (Cook and Gages 1995). &
B flour beetles> FAHL T B8 Coraritis capitata TE
PRSI, AEEHRIER TR THE
(Gage: 1991; Gage and Baker, 19913. ®] M., HEME
T2 RABE R T, BU— BT IER S
PRITECR DL, TR ACR B T3 SRR, IR
ACECRT RS BE ML, DA SEESR T RSN
F (Gage and Bamard. 1996). {8 H A7 2 HE 1%
WP BT BIR B0 () VR A4 S T 5 S R R T 0 S TEATL

B AE
1.3 /rEa

HERB R, RS GRS R
BT, Z—HEBAKET A Cperm heteromor-
phism?> (Silberglied et ol .. 1984; Snook. 19983. #I
A B B R AR TSR A
BEHKE T (Silberglied et al.» 19840, 8  Dros-

ophila obscura) B REKE AR 85 B B BR T
(Beatty and Sidhu, 1970; Snook. 1997, 1998), #
EYH%. DNA AR, Faeizsh, EEET
TEEEHERRIRBRTE DA 0% (Snook et al .»
1994; Snook. 1995: Bressac and Hauschteck-Jungen,
19960, ZHREIAEEME TMEELEN, NARE
BTrE550 7% (Snook et al., 1994;
Snook. 1997; Snook and Karr, 19980

HEVEAR BRI TR 98 (Gager 1991: Simmons
et al.» 1993; Gage and Barnard. 1996). ¥ T R4
JUBE CSnooks 19980~ M 1 89 A2 HLR L C Wedell,
1992) HHF#E (Cook and Gage» 1995: Gage and Bar-
nard, 19960, JTIACEANT B S P RIS FRIA
S SRR Drosophila obscura HETETTIRIENE T
PN, AN SRR TR T RER
B, #miiKES TR . s RS O
FOHEME RS, AIEMELZ RS T. 5L
VA SRR R M AT ER I, R S AR M
W7, DEZMENSHEBEEFRZER#HE, A
T AR SR X B S8 1A KIS 1E] (Cook and
Gager 19957

“BF A" Cnutrition suppliment?  (Cook and
Cages 1995; Snook and Markow. 19960 F1 “BFeA/riR
70" (cheap filler) (Silberglied e al . 1984; Cook

and Gage, 1995: Snook and Karr, 19980 SE{% i H
KRBT RETEREE SR TFRF NGRS
B “BFiba” RiLAN, EEBEETES
FHFAEF, (EFESEE BHRE AP ERF 153
UESE (Cook and Gage: 1995: Snook and Markows
19967, “FRATERE” RBNA A AFZRIR T
FERRVTIE Fo MR AR FETE, AEIREETE M B R A EAT
J, EEAAAA R A AT T (Siberglied e
al.» 1984; Cook and Gage» 1995; Snook. 1998)-
BFRETFREMNIMEEXEFIHAT0ER.
R P RIE R MM EARB TR, mH Y
BV TFAL, RATRE TR E X
Pt T EARM B (Beaty and Sidhus 1970: Joly and
Lachaise: 1994; Snook. 1997). ZRAFRHFIAN, FE
T E B RN A RARIRAL, SRR RIS
BEMEIE Y (Brooks and McLennan, 1991; Harvey and
1@%1%Dﬂ%ﬁ,%%ﬁﬁwﬁﬂﬁﬁﬁﬁ%
B, KERTERENMHRZERHESRELEA
X, MEMEFRENME LRSS EZSEEEL
X%, HARERETFAZEARMEEE Y (Snook.
1997, HUEEZNEEN PHF UL, MEHAA
SX R Ay, (B REIE R B A AT A
IEFEIL 1 (Snook, 1997: Snook and Karr, 1998
1.4 ERZEMRESEREFRPITA
ZRERBMRPE RSB TR, h2AAE
B S X R 75 K AT Fe i A2 (pmlonged mating be-
havier), X —AT X Lk L& — AR RIATH
{post copulatory guarding behavior}. 3 LA F27E AR
BARFARIEI, AR {TLA B2 A8 OR
ANZ (Harries and Todd, 19800, /DEUFpK7E4R0A]
BREERRRE R, WEMEROAREM 10 57
BEl 11 RAE (Carroll, 19912, FFFEEE M F 15 1Y
BETAE (Ofluya, 19950, ACEC P ERE X i =
BAREI AR AR B A A i, B REEE
Ml MRS TIRAER, FFea B RNk
(Kaitala and Wlklund 19950, XA RES MR
PR, B TIRAERE AR EE AT IR
Eﬁ@(&mumwmmdl%@
“PRIFEEMERREm”. BT iEmE”
P TR T S K AT i R TR AR M T B AR R 2R
FRUATHEFRRNERKAZLEFET R (Al
cock s 19940 “PR - IRATES” EULIAN, HE
VB AR AT ECE FE, AT SRR M S e
BRAE, AWM IEBREE ESE T SRS ERT
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35, X — R ETEREN TR SR T 1REF
IESE (Michels, 1992 & F IR Danaus plexippus
HIEE B A, KB B EFor, M
W R B SREZ . RIFEEREHE
LRSI R PR LE 5 L e R P IR AT
fo, BERESE SR TINZEE (Svad and Wik-
lund. 19883, “HHIETEHE" B AR, K
RENFE SRR TR K. BRI
AR B IS AL AL E R R AR S, R
RALM FEAEEE R RN, ERABTEE
NEZ, HIFTRBNENEENER (Thombill,
1976). “VEfRUETE SARRERG” RUNIAY, #
PIE AT EE A, AREUH R MR A ST EE IR O
FEEFRE-RIAXGEE, FNUESRRE
FSEEERE. WS B AL ot AT B R
TR BERRA LR (Wedell, 1992).

2 ZIRASACSR T35 BRrh i etk
X 5

B E 22 IR AL BC RS J5) R R T I 5 R AR R A9
—RAIREE, tikEREENHITEE. 1(PHEESR
HEMM G ERERN. Tl SERENE T RS
BN R BRI BN SE, ARk FENE
EAFNEREE, RREESEEE. EWENF
e .

2.1 XEMSFREARR T S SRR

SEME B R MRS, — R AR
B, BRREMER, AAEEEIEFHEE AR
01 5 AR R 2RO LA R AZ RS, B4 5 FIBRH
TIEE A — R CRENKY
(absolute model? WFEFEBER (threshold model s
WHIEM B & B I ATERIE A IRE, X TSk
VA PP AL, IR ER B2 R, & Wk L
fadeE, MR THEIMIEN AR TR RN E
S, —ERE LA TR R, 2501TF
ERFENEHMSZNE (Scot and Eggert, 19960, M
SARE M Ak o A RCSR B SR BREY . Py AL R R A
Fr& MR AR R A MR AR, MR Z IR
TRAEHE 1 A [F] B 2 082 AT B SRk 32 AN [R1 e 1 RS
¥ (Tregenas 20000, AZE AR L AN R & 2R B,
BEEARSE MBI SRS HUSHLAL I R 2 D R TR
EXE, ERTERATAEN, BENRERRLN
mHEAH R ETRERBE. ATHENMNE FTE

MR, A AAES, BT RIRIAT N
RERAEATEL. B, KESHEEME, EHARR
RATTREE RN, WEEAMFTHAE — 5
F. BRRHIRERAEZ RTRERB T RSP
EFNEETE, EREREEPRLSSHLE
M AER .

2.2 FEHFREE

R ERIETETEN TR 2 AT K
T, MB. E2RZEEF/F, bTEMHILE0F
TE. UF5ERAEAREER T HZBHLE T AM
. M E B T SO R AN [ B RS T R R e
Csperm precedence >o MO HE MR XE 7 0110 1) 1 5 &%
SEHEME W R (first male sperm preference. 5t 5 #
P e 1 Clast male sperm preference > F0G fi [n] 74
(no male sperm preference ) A B SR HE T T ) 1
B, BIFSEsEAEMEMER TR G EE R
7, 5 A AT RS 7 32K 80 L ) e e
REUR A2 HE CEI Agoze er ol .- 19950, )5 i
PEXG T ) PR AR B, By SRR SIS T %
FERILLEIRE, TS LLATAC B MR 1528 70 Lk
FAHEWAREAR AN ZNR (Lewis and Jutkiewicz,
1998; Kaster and Jakob, 1997). JR#IE RH Diadro-
mus pulchellus T3 BOHETE FURG 75 ME 1 BT AT AU 6F
TS24 (FI Agoze et al.. 1995), TEHRF B An-
thonomus grandis FJa AT B HEVE B F UM B F 5245
(1 LhBIETE 909, g Drosophila /5% . TELHH
Tl ERES T, 0T SR TSR AL R i
TIESESFIRF I . Gwynne (19840 Xf 37 # E B
BrmmEE Tait, Ry MhsiEmmiE, 7
MohEEmEE, N3THERTRE, TR B
BRRSHEMAENREHEEE TR E, WA
BHEER RENR R RIITA.

U TE AT IE T S S5 TP E ” (Kaster and Jakobs
1997; Curach and Sunnucks. 19990, “IfE 5] A 1
S R AR BRI 2R (Lopez-Leon et al.» 1993; Rein-
hardt et al.» 19990, “¥FFHAL” (Siva-Jathy and Sub-
aki> 1989; Cordero and Miller» 1992; Birkhead et
al > 19990 SF B Ui F SRR ME E G 7 i m) T R
MAESITANE. 8RR B A £HE
E, WoraEsR BRSNS T, BEAE
PEAZ I B G RG F % M) % (Curach and Sunnucks:
19993, {2/, MRAERENRNESSHLE
REMEAZIERS, R TRAETESETER. €5
BRE LEAREZERATRETNEHITIARHE
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AFFIP LS, AT ERERNITREES
SYEE, REBARBEMNANE TR E
H, 3R e AREHERDE. BN—FHDE
MEfErEEmm it X2 TRAARESER, H
RIMAER. BTRARKTRSFMNIESTNA, 8
FEEACRACTITL B R E EAC. RIS JR ok
TR T E R RSN T Bk
TRV G H A H R (last in fist out?s
RS 72 B R o A FR ok B B S M XS
F[EVRERS L AT MBS T (Birkhead and Hunt-
ers 19900, WEBE Trulialia hibinonis METHE FI PH 25 MOGE
HRSTE BB E R e A EE R, EEE
SETRIZREE, FRUEFRA. IR ER
IR IEEE P BB AT HHESE (Wages 1979; Siva
- Jathy and Subaki> 1989, T EEAE R E 8
ST A S U AR EEE AR P EA LR E
BT FETE P I RIS F (Siva-Jathy and Subakis
1989;: Cordero and Millers 19920 J& PIRI& Dryomy-
za andlis HEVE R ARIR 5 B0 ME R AN TSR, FRHTT
AR R MEPE AR, AEUE T DA R R S I A
B, EHERTFRFEAERICRE, HEHARE RA
FARSE NG T, SRR MRS 7 07 1 32 A0 i
AR T HEERT B R B R BB B A An-
thonomus grandis FJa AT M eV BR AT B B R BORS
W, WEREIAER 7 EEA T IR RN
1, (BENERIE T RIBEAL AT E s S 0T Y
ZHE. IS, RIEXNFE BN AN, KTz
HNRERB TR FHRENRR (Bikhead e al .»
19990. ehh, ERE T ABEMH Cphysiological de-
pression’« MU PFEZE (physical obstructare) s ¥§ F 75
L EMBFEMABTAT (Sliberglied et al . »
1984> SR, B IR B 8k Z 5 0k A I B
o XEWFFIMNAR AR L R R A 7 E
. FIR SRR, MEMERDRE T b ) P A LR
SRR AR B P BRI AR R T A
11 B R = A R4+ TR RBCR RS A 2
7, DRI B 22 AT EC BT SR R T AR
TERFEN R, [RINITEBERAT A 3T i
W= B, PR, N2 EE S REIRHAT
EABRGUIRRREDER. ATEME, HEHE
THFEAFEF S, FITE (Yuval and Friz, 19940
DNA SESUEE, HAEMITES FHHIE (Frank o
al.> 1999; Schmid-Hempel e ol ., 2000; lmhof e
al.» 1998) HATHIE TEEEOAR, HUEM NG T

i 10 14 A CH R ALIE BIER AP R TR0 FEL

Patker % (1990, 1993, 1997) M4k{R i I —
BRI BT 2 AL B R PR T R AR
B SRR ERFRPHNHEEMRDEE Qotery
— based model >, R F TR AR 2 1R AT BC A% R o A
PEEVRE TR R L. BRI R 2 A e 7 L
R, TRMTES RATEE R S RENTFA <A T
BESBRIGEE. BRERAMENSZRTEMES
BFRSBREEATME. MHBEMEEE. M
EHBERTFENRML, AIAMIER—RSFi
FIE MR AR R 102 B, a8
RV FITHI B ARAREANE T3 iR, MR
T B E R (L S HEh A (Foitzik er al.» 1997;
Herthert and Mouser, 1998: Lawrence and Clarks
1998; Harshman and Clark, 1998: Lopez-Leon et al.»
19957
2.3 MEEEAREHIRNERS

BV AT A AT 2 IRATE R — AR X
TEIE 2w A, “m¥ UmERT EH
(Lesna and Sabelis, 19990, “#M78 F1HR AL AT H0 5ef
FBTF” (Lopez-Leon et al.» 1993) FZ RAZE P15
LA “AhseE S SRULE F SRR MM 2R3
R ATER S . “keE CDREE MM i
. B EA LR MEE AR ERIEE,
FERR, XN E S S R R A
5, IRV RR AR AL AT R AR R A AU 15 DAZERRAY
{Lesna and Sabelis. 1999). 82 &K Eyprepocnemis plo-
rans WE PRI 2 X AZ ISR A 78 AT BA RS 1 Cre-
plenishment of sperm reserves > RIEFEFFT 5 91F
FUERT 5245 (Lopez-Leon et ol ., 1993). HFXE
HO A R Chorthippus parallelus 14T FHIG HAH R &
W, MEMZRTEIFAEN TR ERET (Re-
inhardt et al.. 19993. GFE BHE Zororypus barberi
MM R AR B 2 TR, PROR B AT IR ER
PR 2, AN I 5 R — e 2 PRAZ IR
RATHBEZHR T, A5 AREEZ KR
i, PIEEEAN T MR % RS ARE T (Choe
1995>. M E B X Plodia interpunctella T A4 BE
HAFa AR SR PSR T LUSNE R
AFETFEARRE (Cook. 19997,

3 ShifkE

BT L KA A 7 3 508 R P (M X 3R
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BREH, AR REEARN LN, F—%
IR BRI AFE S M Oy ol (B, ISR 5T
EEBIW AT, A, AT MR A
A RS, BRI B DU
it Hadal, AREENER T RA RS SR C &
A TARCEANEAT R T 8. ETEGHTRE
AR, MEEFE RN ARSI, E
REBNFEEVZEZ NS EESEEMES
A, IR E YN IEA RV R

ZREEATASRE TR BERBT ZI7 4,
M AR T T ROV IERE AN B ARIEFE DT A, A
BREAZEMRA T2 ASM TR ERNOZ
MEARHIRAL . AT ANLE SR ERASHMEES
HAL P, TR EAE BRI S M E RS
HIRASEfr R FE TP, FERT
FIFf B ARIE. DNA TRE0 FrAIRW D EH —R
AT ATRIETEERR, MEAEZ Ak
ThERBFEFIEHEIGHEATTRETELT
Bt, T B AR T B SRR 4 2 AT B A
Z LT RFEREERM T E A RrEt.

EEFPEIERNE, BEAXSRTREE T
75 P HERE RS FEROAE R AR R DUE R R
EMRESEAERIFHATH, StZ a0 FiRERD
ATBRHFETEERT, EMAEMMEAR LS AR
AEIOAEFE E RUPT IR E R RERIL, MBS —
T IR AT D SRR B 3 — AR 3 4 3 49T 9T
HoRE .
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