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Abstract: Researchers have found that extra-pair paternity prevails among socially monogamous birds and this
phenomenon challenges traditional views of mating system by using molecular technology. Contrary to prior
expectations, birds are very rarely sexual monogamous since extra-pair offspring has been found in
approximately 90% of species. Even among socially monogamous species, over 11% of offspring are extra-pair
paternity on average. Extra-pair paternity arises when female birds engage in extra-pair copulations with males
other than their social mates, frequently resulting in broods with multiple paternity which contain offspring sired

by the social male and offspring sired by extra-pair males. A large and solid body of evidence has impressively

E£TH EZEAKAEILETHE (No. 31071927);

#* WINE# , E-mail: wandongmei@ I1nu. edu. cn;

FE—1EENE MEE, &, WEURA; PR 524K Y E-mail: mmsilencemm@ sina. com,,
Wk H . 2014-03-26, & H . 2014-08-18



6 31

I B A A < 2 P B ) % SR AP XA A S 2 R )[R 3

demonstrated that extra-pair paternity is the rule rather than the exception in birds (especially in passerines) ,
and a number of synthetic contributions have reviewed this field with its various ramifications over the last
decade. Extra-pair paternity is widespread in avian species so that the reason for the occurrence of extra-pair
paternity and the influence has become the focus researches in the behavioral ecology of avian species. Based on
the researches about avian extra-pair paternity over the past decade, this paper reviews the research progress
and summarizes two major aspects on causes and effects of extra-pair paternity. Investigating the causes of
extramarital paternity includes; 1, we explore the different sexes in the evolution of reproductive strategies from
gender perspective. Male reproductive strategies are designed to increase their output; female strategies are
proposed to ensure that female fertility hypothesis, the food supply hypothesis, the hypothesis of genetic
benefits, etc., but still controversial. 2, the genetic benefit hypothesis (“good genes” hypothesis, “genetic
compatibility” hypothesis, the hypothesis of genetic diversity) proposes that extra-pair sires provide alleles of
superior quality and/or better compatibility compared to the social mate, resulting in offspring of higher
reproductive value. One frequently adopted approach to test this idea is to compare the performance of maternal
half-siblings in broods with multiple paternities. However, results did not come to a conclusion, some studies
failed to reveal any systematic differences in maternal half-sibling performance, even in the same or in closely
related species. Furthermore, application of identical experimental protocols (e. g. the phytohemagglutinin test
of cellular immunocompetence) in different species with similar extra-pair mating systems produced mixed
results. The inconsistencies of results across extra-pair paternity studies may be caused by methodological
challenges and/or reflect true and meaningful differences in the respective study systems. 3, non-genetic
benefit-maternal effects influence the evolution of extrapair paternity. Some studies indicated that genetic
quality, such as weight, body size, survival and immune responses, etc may be effected by maternal effects.
We also summarize environmental factors affecting the occurrence of extra-pair paternity include reproductive
synchrony, breeding density, habitat, etc. Different species have different environmental pressures resulting in
the difference of extra-pair paternity rate. Finally, we make prospects for the future research. Despite nearly a
decade of researches to further explain the phenomenon of extra-pair paternity in birds, a certain reason is still
unknown. Experimental operation and the improvement of the theory are keys to reach a more comprehensive
solution for these problems.
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3 Wy 1) U TC 1 2 A S W kA i R R A
IS AR BRI OC . 15 28 A 85 IO ) B2 R 3L
A3 DU s — i — A B C ] ( monogamy ) | —
HEZ Wi 22 BC il (polygyny) . — Wi 2 1 Z JiC 4
(‘polyandry ) FI J& 22 # ( promiscuity ) ( Gray
1997) o — fiE— 7 B4 C 1 S 7 5 26 vp 3 o A 7
IS 2, SR 92% 1 Fp A Ol B
il (A7 5 2 45 2001 ) o 7 — MfE — A B G o) 15 2
R, E A AR A AR I T A S TS AT O AR
NS b A2 WL ( extra-pair copulations, EPC), 4k
M5 2 17 U A 32 8 77 AR 3 AF 7 AR (extra-pair
offspring, EPO) By I R FK g 7= A= 1 1§ Hh S 4L

(extra-pair paternity, EPP) (Gray 1997) ,

A XS T 5 2RSS AR B S A ] T A4S
52K E £ & M (Birkhead et al. 1988) . £ &
PERE ( Gowaty et al. 1984 ) FIAS [&] ¥4 5l 44 i A 13
1L R RUVRAE (Alatalo et al. 1984) %5 )57k, R4
B A T7 AR 0] LA KRB I — A e b o 15 77 A=
T UL, A BAT — A J7 1 58 0 e 1 4 A3t
A B LB R R, VLB S 5 EA #5
B AN ] B B BE, Hy T 2 S5 i sk B, B4 X
T 5 RIS SN W FE AR 2 5L T DNA 1753,
B 22 e DA e 1 /0 T 98 SRS B L 5 /N
TREBOEE Mg T EERN SR, THEMT
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2 TR 3 AN R A 3 9 BF 5 b i T T
(Wan et al. 2013),

FATE 2816 150 Z R REcHl L2k h B T
WS SN KL G ( Griffith et al. 2002) . ANZT W5 K
( Larus ridibundus ) 33 % [ & 1 77 15 45 b 5 AL,
20% 1 1% N 15 4 F £ ( Lezalova-Pialkova
2011) ; B 3 ( Tachycineta leucorrhoa ) 77%
1) 35 T B AN AC AL, 56 % 1 4 1 S 15 A T AR
( Ferretti et al. 2011 ); % 3k W ( Anas
platyrhynchos ) 48 % (¥ 55 v i LU 40 74X, 5 4h
TAR LA 9. 3% ( Kreisinger et al. 2010) ; 1]
WS ( Sialia currucoides) 72% 1) 5. o 1% 7% 45 4
X (Balenger et al. 2009) 4%, WML 7K
V-3 R R E B R G b T LA A, Y
oy Z — Wtk PR 48 B 5 3 B A R
25% 1y ¥ AR UE b A AL B ( Griffith et al.
2002) . &4 A 1k WF 5T Y A 2 P RTC ) 4 Al
rh, B IEC ) RE AR R L 9 B D a2 B ( Emberiza
schoeniclus) , W5 R, H 55% ¥ L2 IS 5b
SR, 86% 1 BhH §ih HAT 2= /0 — i
HhFAR (Dixon et al. 1994) . AHEF 1§ HH L
B ZATET 2, MIENMRC LAY
FAT R BTSRRI G, 7R SCOKE A
AN SRR Az LA R 5 Wi PR 2R G DR TR 23 P
BT 5 2R IS AN AU G AT 2R, MR A
1 R R 6 I e VP 1 A 5 A0 SR TR B ) 5 1R LA
Ko e ) A ) 25 RN, DB (R =S ) DA & 5
ARAH 5 1Y 52 Wi 45 7 18] 53 B 52 W 155 A0 SCRUR A 6
AR o

1 WS SN CEUY A AR TR A

L1 PAMERIEMIRMEL ELRIEIL
FCAT A AL RE b, TR METE 3 R AR
AP I F2 T 32 K AR R A ACIE M A
2 TEUS A S B AT ok A 5 R 25 39E AT AR
i, AR A5 A AT 2 A A AU — R A
B A i (Eliassen et al. 2008) , [KH, T fi# {54k
ST F ME A A B R 25 AR, LA R e TR
WS A SE BCAT g HEAL o3 4 T B AR Y AR 2
+ 2 BE ) ( Arngvist et al. 2005)

L1.1 RS esems  [A—A Bl
7oA WS AN A 2 T BV A B N ) R B
75 ((Griffith et al. 2002) o A A7 BC i A 2 1
A, HEATUS SN ST A6 9K 23 N R A5 R 25, 1
2 TC XoF 1) s T DA 3 8 A0 52 T Sk A 3 B
JEAH H ¥ (Ewen et al. 1999, Brekke et al.
2012) , Canal %5 (2012) By BF 576 — & FE B |
UESE T A1 58 T S e 1 1 — b BB a0 A SR s
T WP B B0 i W S0, T 2 e L TR R
T, HEvE T Sh e I S, M I A
B ELFORIS A AT, TG I T BEAE U 55
AR, Westneat %5 (2003) f45 T 43 Fji 5 i 15
A HC Al % BB 4508 B 5T, R B 39 Fib
A= TR AN ACAL

548 I S TC U A DA Ay A e P A SR ) —
HEAL . 5RA 5 C R T i e T B B i B OR
W&, TTRE RIS AN AC T A AR 1 O —RE . R
3 K ik 30 A2 IC B AT 5T AR S OC T R 0 8 A 5k
83247 A (Hogg et al. 1997, Mckinney et al.
1998) . WFFE K& B, X M EE A1 ok 30 52 Bl 4 7E
125 (Kahn et al. 2010) ,JJ€4731 4 (Lee et al.
2004) .M F 31 ¥ (Smuts et al. 1993) Fl & 2K
(Mckinney et al. 1998) fP ¥4 fieil o [R] AF 5830
SEHCAH HE, 33X s 38 52 IE I U7E 5 2 p AR A
KB, HEHXAEK S (Adler 2010) i} 5 ( Burg
et al. 2006, Jouventin et al. 2007, Genevieve et
al. 2012, Quillfeldt et al. 2012) 244 H S
KH/DEAE H S 2K (Westneat et al. 2003)
Wil i, 2%t % % 5 ( Notiomystis cincta )
(Brekke et al. 2012), PAitl, 4§40 52 BC b b 14
PEAE T — A SRS AR LUAM Y MR R T A Y
Blex, MEJ9—FhEaEAL SR, & 38 o ek
H & AR5, 4w T B T #E (Westneat
et al. 2003) ,
112 MRS e Mg H i, O T
S BB RUS AN HE I 77 A T WS AM SR fit
Bk 2 A 4 1L ( Westneat et al. 2003,
Arnqvist et al. 2005, Griffith 2007 ) , S} ¥R 55 i
PS5 B WSSl i R, WFoE R 4 LA
VBT T i B, 91 n ff £ 320K B 2 Ak 4
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BB A% ) 25 R U655 (Jennions et al. 2000) ,
ZWR e e, ERRH B2k d, #ErEs S
R AL 2 PE R JEAT 45 AP A2 e I HONIS A 7Kk
PASHLBE R 25 ( Griffith et al. 2002) , X 26425
B G A T AR A S A B, T R AR AR
fE EAFARAE TS TH o 3X 28BS 45 R () i B e i
W E A7 1§ A 32 TiE 9 B B9 ( Tschirren et al.
2012) o —LERIFFT I Dy MR AN S N0 A BB
J7aCH, RO I R 52 RS B B s s A 1A
& B 1A 3 MR 57 /N T 2 5 1§ S sS Be AT
BIAC A ( Westneat et al. 2003, Arnqvist et al.
2005) o HXF 53 b — L4 Ffr 1) F 5% A 3L I HfE
P2 U B K 1§ A1 22 B B9 ( Forstmeier 2007,
Cockburn et al. 2009) ., AR 4 M 138 oK 1K 4h 32
BCAT A S Ay 32 4 1) W 7

P ol 5 1 g A% R A B AR R T X R
TR AL, RV [ R A A A DG M B . P
P 1] g %2 A S P AR D00 DA DAy S P 0 P ) 5 A 55
FEAT ] B S 32 B AH [R) (1 — 35t 4% 78 S 1) 52 )
(Halliday et al. 1987) . M4 v filg 384 5 15 b 32
BCAT A 1 AL 22 B3 4% Ok (Albrecht et al.
2009) , 33X 2L S RE S 3 1 1Y AL 5 UL 7E ME 1 P
SUERISINEIAT A o WFIETR S A S e AT Ay o
Al LI A& i) (Reid et al. 2010, 2011), i HAF
A 31 ) 2 AT R B35 A AH G E A o T E R] Y X
Fof P 2 45 7 A 1 o R A A 3 AR ATL 1 B9 2 1k O L
FI 55 P 531 [8] 1) 352 4% AH OC 7 ( Bonduriansky et al.
2007 ) , fH 2 AT 0] 3 4% (4 AH 5 M #8 AT LAAE S —
Fiigt AL oA, BB A% H ks 2 AT i AP 2T
Froh g fh o TERXFOIRGL T, B 4% A B
FEAS TR R A A B, MEPEIS AN A B AT 23l
o ME P BE Ah 22 BC AT O R T B2 R R T Ak
(Kirkpatrick et al. 1997)

PP A 35t 1 AH OGP f 156 A O E 1 Xk T S
PN AN B4 3R 2 AT A i 7 A Y 7 2 R S 3 (]
— A JEOBY 32 W ( Arnguist et al. 2005,
Forstmeier 2007 ) , DAy, 4 4 26 1§ S0 SR 48 Y
[ R S S e LT B 2 S S AT K
AR 23 0 8 A RCAES s DA O FE 2615 5 IR s
FHEHAF . MR R BN, LB RMEITH

BASRAER, WAESIENRMEINEZAR
X1 Forstmeier 55 (2011) #F 58 R W, 7E 4t
2 HLE ) B g 55 42 ( Taeniopygia guttata) HH§ A
BEIHAT NI AR 22 AP AR AL RV R RO o
P A A 3 Rl 5 A7 i 22, e e e 4 b B
FEAT A 22 TR) 5 K 1R 35t 4% A DG 1 3% B Ok o
W, O ARURI 2 R 5 00 A1 M 1 5 BB i 45 A B
FEEIAT At — R A SR i e SRk . TR AR T
— A5 Z A B [ A S A BT W A
PEVA A H 55, WSS BIH WS AFTE, (U2
PR A e PR AR e R 4 1 X M AR 2 LA
1.2 W\MEEMBEREFFMBRRE AWAME
F P TG 32 49 2 0 A ) 1P i A2 R
5 W ( Neff et al. 2005, Kempenaers 2007,
Puurtinen et al. 2009 ) . % %F 8 ¥4 M 5t 4% 75 1@
PAFRIA AR, HETERAT A LT 3 ki
12,1 “IRFEER UL IR R 52
H P K A 0 A S I Y EE AR A T E S E R Y
WG —E KRR, MDY L HA SRR
TG 75 00 e A A A 0 A 52 T R 4 v AR A8 3
P (Petrie et al. 1998) , SR, f iR £ 05T
PR T SO0 TE R R AR R A1 . TEXT R
MBS (Melospiza melodia) WIRFSE Y, K ILEE W .
ST ROR WA B2, ISAMEMEBA 7R
| F S 75 (Sardell et al. 2012) . Reid
S (2012) 7E X Wil B85 19 B 98 o R B, 5 BB
B, WEANTARAT AR BEAE M
EEALMEMERE S K (maor
histocompatibility complex, MHC ) 3 X # 1A 4 7E
WP TE A 16 # R 4 ] (Richardson et al.
2005, Bonneaud et al. 2006, Schwensow et al.
2008, Promerova et al. 2011 ). T& Mg Hy &2
( Geothlypis trichas ) Wi P2 15 3 B0 3510 55 Bl A ) M
P, PN RS AT B PR R g MHC S [N R 22 5
1 I B8 A & ( Garvin 2008, Dunn et al.
2010) . [FJRE A J2 B0 2 Mk b 7 B IS, X IR
SRR U B AR AR R MHC JE P B 2 A 1 B
SEALTE A O, 45 R & BUIE A 1A B
MHC Z 1 B AV 3R oG &, T HLA 4b
TR AT LB DA B L 22 R M B S M B
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Rl ZY A MHC B ZREPEAE* s, Xt
2 P T o P A A P 2k B MHC Z AR (2
S, BIFST 4 SR SRS T A X TR A A B 2
AR A 4 o A 1), 49 n BEHR S, R R
P RE S 7 H R 1) 4 BREIR 0 B8R A A B
= ( Bollmer et al. 2012)

Bl & T AT N O T R R BE i
Brouwer 4§ (2010 ) X MHC %t [F 5 #§ 4h 5 KUk
AR R AT T, BIRIEW R BB R B
MHC ZFEPE AT LR A0 ~F- 2 75 i #5510
TR, (RSN 32 R R BAN LS . Kk
10 4ERYBFFE S5 RAEW] T R MHC 5 R 24 M
S 24 T A AT B B SE R, (ER IS AN R O
B R WA B BoA ik 5 A 2
(Ase-uad ) B/ LEIE# SR B) F7 i 2 11 S A .
JF EAZ T FEUE B 1 P S 5 A B0 1 Z 18] (19 52 4+
PG ZR R MHC ZHEVER E IR i
LT T LRI S A AR A R s MHC R H =
FEVEHEAT (0 855 A1 22 i 7T DA BUR AR R BRI X
— MRV SR, AL A £ A AT RE i RS
B, RBLOLTT BUS SR AT BE TR 5t 4% 1 o HA
Pl EBA AL AL T, A I 1 R R e 4
T A RAV T WA AN, (IR R BR
JEE b MBS PTG i PP A5 3 B 2 AL A A, S
PR 23 T AR AH LU AT BE BB R T — R ag AL )
i, XHLRR W T HEPESEAT IS AN AT E . W
AR 2 15 00 75 2 A AT B, 655 6 PRAR 7T RE 2 B
WA, ok R AR R Wy, RIS R A T
TP TC X ) O P AT S A A ™ A, R T 3E
AT SR 8 1) T AT T 3 e Sl A M
To BTRLMIXAN A BE R, MEE 7R T AR AY 1
UL 2 SR MEE K AR USSP SZIE (Hasson et al.
2011) .

1.2.2 “jAERIAEET RUL s A AT R
WA TN Ay M 1 - e P 4 i AT R AR B AR 52 o AR
FRSE IO 1, AT O P 2 PR IR 28 5 ) Ak A Y
SR G B e A2 BC T 4K 45 A 4% (Tregenza et
al. 2000, Mays et al. 2004, Kempenaers 2007 )
BEAH A T RE 2 — SURP IR R SR IR, T2 2
FAEMIEN (MHC) (Thoss et al. 2011) , B2

AN i (Zeh et al. 1996, 1997 ) . KK AHZ&
PETEVE 22 W) v A7 o S 0 3 7 P S, R TR AR
WX T 7 H E R (Mulard et al.
2009) , L5 W 4 BT A8 3% % (Stow et al. 2004,
Thuman et al. 2005) , J& H 2 75 IR 46 Bie {8 1% £
32 B HE AP ER G AP A b 4 SN CAE A e R R AL
ZEMEVE — A ZUGEFRL S, KBRS A
O3 K B A & B B /8 ( Freeman-Gallant et al.
2006) o P, 35 1% AH A PR AR — Se W) i o 4E 5
E YAy 4L ( Brouwer et al. 2010 ),

SR AT I 35 A I Af E 20 25 A B8 DR A 2
Je QAT 52 e 15 A0 SO Y o BIF ST R T PRl A]
REPE: 55—, WG B 5w s AR e Y
AR, IR 2 MEPE I 3% 25 v 8 5 TN dR R BR 2
AN [R) ) PR R AT SE TE LA SR 3R A AR I 5 BE 1Y
ARAL (Mays et al. 2004) , JR 2 5 i 7% Bc %
O MV 2x B 5 e AR S AN TR, R LIS AMIEVE S
WEPE 22 [0) A 3 DAL AR AL BE AR IR ( Griffith et al.
2002, Tarvin et al. 2005) ., 25—, R IEGH
XF TP AR 35 5 BB R 4 W i 5 e, IR 4
5SRO0 R IR IR B A I R IS AGE
A B 235 K (Hansson 2004, Spottiswoode et al.
2004, Rodriguez-Muiioz et al. 2009) , A itk 5 40
AL 1 TR T ) 1P 2 5 0 &/ A e 2 T o sk 47 X
AL, MARN T RTRAEEE. Si
SRECXS B MEME 2 e S H O o SR B0 1 e
RAEIFANAZHC , H S Bl v Y 3X A 8 A1 e ]
AEAN 2 LU Al i b P 23 19 2% % B2 7K F & (Tarvin
et al. 2005)

2135 4 B 7Y % ( Malurus melanocephalus) 4=
188 3 i Ah 5 T R i A 3T % % 9E ( Varian-Ramos
2012) o [F]BE B9 &5 8t B AR K1l 48 ( Parus
major) ( Kawano et al. 2009) . /K & &5 B Y
( Pomatostomus temporalis ) ( Blackmore et al.
2008 ) Hr o XL AL T HRUE S T a5 A5 AH A
RUEHIFATE . SR, —L8BF 5N R, A5
ESES R SIS UL S R R oo il R OYE0R P
FCABAS T, DAMOR R B 5st AL AR s M i 3t o FE XS
AU (Jabiru mycteria) WIWF5E B, SEA (]
4352 1 AR Bl RE 8w, BIDOBLSE ) 1Y 2R 4 00 R B
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VT, B A A ALY L ) BRI ( Lopes et al.
2013) , FEXT IS K45 ( Diomedea exulans) 1)
WF5E 45 B 1 28 LAY 45 18 (Jones et al.
2012) o 33X HLALAS HEBR — L2 AF 58 A 4 1 9 s T2
B, BRI T XA A DG BE F e B Y
AW R S R R, O T S BAE R 1Y e 22
(Wetzel et al. 2009) . fllZ, X2 nff5 &6 & £
Xof BEAMRPRE A HEAT 92 56 45 A ok 45 ) A 1Y
M [K 2% ( Griffith et al. 2002) , T 45 | B &b Fif
E 09 SR AR AT MERE (1Y (Pryke et al. 2011),
PR B SR 508 1 LS BRI AN B A T

IR — 6 2 N O G 75 Sk DA IR U A 33 A% A
5 M AR UG AR AT RE 2 e W)V T M A 3 AR XUy
PET A2 T 85§ Ah AC KL (Neff 2005 ) o 3 P Fift
Vi AH B RS Y, MEE T RE ) I 3 Tk AR AR
VRAE AN [F] 9 20 5 B0 AN [] 1 B[] 1 0 A7 T A %
$£. Kawano 55 (2009 ) TA ¥ 75 52 iE Hif 5 7
AW BT HT T A ) Y e AR v - 58 E M
BIL T Al felT e PE R PR 5 B A, AS L IS T e 4R AL
il fi2 A 77 A AH 28 M IR B AR, AR TR — B )
B, 5ARAR R S B AL A 1A R Y B 5E 45
o Neff 55 (2005 ) (9 AF 55 A A M1 5 A 6] 1Y
U A0 e AT 28 TE LTI FR A AN [] £ 35t 4% ) 45
5 40T P 1 S TBC T R B SR AR T AR
S5, 5 ARARIT M B9S2 BC RT RE S T N T
RARE SR . L 75 HE R R g5t 1% A
AR ULSS G 0 Ik AT LSk R M 1 5[] — el
HE TP AN T) M 1 3 AT 22 I 0 LR A
1.2.3  “BHEZREMET IR e 2R R
VA Ky MEPE 25 5 2 0] R 2 1Y B 2R AT 22 e ok 42
AR B, B AR E B, R
5T R B U 0 DX AR T O 5 R A AR
FIRY Y R T 4 e R B e ) e 2 T A 5 A 0 5 ik
PRI, P A 25 R4 SE 00 75 6 D) A 0 o I 1
PEATAZHE, B Jm 7 AR IS AN AL, A, ik T
1% 22 FE PR AR U K AR B I A AR 43 A1 2 Bl Bl
1, WS AT AR o3 AT 2 BE ALY 5 T T A0 55 Ak
PRI 158 4 A= 1 8§ A8 ARG AR BERL Y, A 2
TERFE R SRR A 2, 5 s A 1)
6 Y DX TE T35 4 AH 258 P A 0 i T M 15 %

VAL A T i Y 2 % B T AR Y, AT I b
T 1) 538 2% 3 At s IC A AT W A 18 2 ) i A
HARRIR;, A2 Kk AWM ACTT, T H IS5 518
10 381 o o A BT B i s TR T st A AR
Az B AN ACAL, U o 1 25 1K 1R 5 R AT RE 2 1Y
WS A EVE HEAT S, WA SCAR T REA 2 B 2 4>
PLEAMA

AL ZAE VR UL A A R T 2 M Y 3545 S5
T R ME A 2 IS AP AR SR A F i, A G b
TR Z BOME R 2 5 2 BEPE K AR AR A SE I, DA
B AR s AE Z Ve, XF P ES (Suter et al.
2007 ). X {0 B & ( Tachycineta
(Stapleton et al. 2007 ) i A D52 15 3 Ffix —
BUE . 1B TE 47 3k 18 48 ( Paradoxornis webbianus)
FOBIFSE T A I, 85 A ACAUTE 1 v ) 0 A A
BEPLEY, 4 A0 RETC I8 2 it 15 2 PR IR 2 SR AR
4 35t 1 AR DLV 918 5 S A0 A ALY K A B AT R TR
P, 3 S35 A5 AH OC A8 b AR AN BE A B A Sk A R S
HNACRL 3 A B AN A M (Lee 2012)

i A7 B 18 7 ¥ DR AG I 3t A% 1) 5 I L AL 2 T
B2 A ALE TS N Ah T AR 2 B (Sheldon et
al. 1997) . [A] 5 B 4§ A A0 5 Q3L == 1 3] 35
B, BInsEACH P F B0 R b 9 A HUR B .
PR, AR Ay R B4R BT 1 0 22 5 HOBEIH R T ok A
ML 22 5 . — RIVIF AN AR 75 R 5 2
S HRE T 35 A% R 25 IR (Sheldon et al. 1997,
Griffith et al. 2002) . SR, X T8 75 H PR3
38 A% A A P A U B A R AU X 8 A LA 1
B HE B T I AN 1, RS AP 2
fFTES B A 25 WA 275, I
HobE ROV & AN RES B 2 Y o
1.3 E@EEMmEEIR BREYE REH
WEFEFR B R AN AR R & 1Y 25 5,
B3k HRTEAR D i 2 50 32 SCHIF I i Bl | 4
Ry, JF Hoax s iF 50 KOG T B AT
( Whittingham et al. 2003) , ZWg& T P2 00 J5 & 7E
A . — S & HRIE T IS4 FIRTEIR &
2006 ) . B & K/
(Bouwman et al. 2007) . f#1%% (Kempenaers et
al. 1997 ) FI4 5 i 2 ( Garvin et al. 2006 ) %¢ 75

bicolor )

( Freeman-Gallant et al.
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TP LG A P AR 9 R B, S T LA B
WV 3o i e A 38 A% BT i IS PSS IS TP AR
BT AR . SR, X S5 AL TR S 0T B
SRR ZR SN A B AR AL BT IR VA . 35S
b, BERYOCATER Z Y Fh SRS, i
148 ( Parus caeruleus) ( Magrath et al. 2009 ) ,
VG5 0% ( Ferree et al. 2010), [ 40 fli $9
( Ficedula albicollis) (Kurist et al. 2005) , H
A DG HE 1L ANV R G 1 OF S R B AR I, B
T 5 R UE R T 7E AR R 0 BAH Y 42 T8 H 526
rh, BE R RO e 7GR 0T S AR, 4 Ah
TS P 7 AU R 0 M e 22 S 40 1
o BFFEF N X AT BE - B L 1k 23 1 0 5
1, PG E S R A KA E A K, 5L,
X BB 5T 25 2R v S A AR R B0 AR R R A i Y
A3 0TI LA FE 53 ik R I AR WP 22 S A A T
EBIS N A AP TR D Y B R AE L. R
M, RTEITRREERRZEH TEASH
JoT HE A 2 R TR O B A RS2 e, T
B B A 1Y % B¢ ( Magrath et al. 2009)

— BRI SY, B A B AH [R] B AH 1T ) b
L, BA RSN AN TR A 2 5 ARG IR
(Edly-Wright et al. 2007, Rosivall et al. 2009,
Dunn et al. 2009) . ifi H., 7545 Al LIS 5 % 58
PR ZR YA [R) W b v, ) AR [) A 52 38 07 ¥ 204
H T AFE A% SR (Forsman et al. 2008, Wilk et
al. 2008, Butler et al. 2009) ., iX 6§ 4p A2 #X
WF 58 A A7 B 25 2R Al g 2 th 7 vk LA R 515
1, AT B2 45 H A [F B WF S AR R A 22 =
(Schmoll 2011)

2 WS AN AU A TN R

B RIS AN SRR BT 38 B v A T ik S SR AL
BUR B RINR o 72 SR M XA Kk
B AN S AT A, AELP™ A2 B B A SCA LG ) 20 T
279, 7RI — 22 S B BRI R AN B
TERII R AR FEE AR oh, AT ¥ R 32 21 B
VRIS, B AR, HAT,
M £ S A ACA e A2 TR 2R ) BIF 2 2 B 4 v A 0
WE TR b, WS R B

W R BR 8 55 AR A RIS KR AT 7 0 K
(AN T 2082 A8
2.1 SHEEFE ZKHEEPOANZEE YK
WSANCHLZHEE A SN R Z — o BIH R
ULIA N, SN T ) ol ) S B R R v T M
P A O LA, TR 3G T B A AL &
Mayer 45 (2013 ) X} /2 3 ( Emberiza schoeniclus)
B 13 MR AT TR 4 SEAESE, 4R B
s, HFEIEE R, B rp s s AU H A 5 2
M BEHE % AR G AN AN ], 4§ AT AR L
19t 55 bR 2 B B BEA R EAT OC  [RI R R A e
U 7E 48 I 5 1Y BIE 5 TP A5 B IE 52 ( Brekke et
al. 2013), SR, JCiBJ&1EY) Rl a) & 2 W)l N
) LRI 5, BB R R T R ) B A A AUAT) A7
e 4 1L ( Moller et al. 1998, Griffith et al.
2002) . VA — &6 52 56 P AF 58 ( Charmantier et
al. 2004, Stewart et al. 2010) Fl M %< 1 #F 5¢
( Yezerinac et al. 1999, Ryder et al. 2012) 75 F
) 7K P b e T N 8 A A A B
FoAb R WARIE o Mayer 25 (2013 ) IA A6 ] %
JEAR UL & — R PR, A B0 R —E 2
Bk B A s e L 2s . O HORC A O TR d 2
Bt 5 Y RCAR T i AR AR A, A TR B BE 5
23 RLAE B AT 2 R R A AR S [] T 7 A2 AH S5 45
B, MR 22 AR AT BE B IR EE Y AR AR5
=8
2.2 ZEHERBSME  KHENSUIRTDERIE T
HMCAL LG A8 5 B [ 2 M (TR RE A B2 b i
V1) P — > S AR AR o i) Ao Ak T S B 300 A 44 1Y
H 1)) B4 #H 5% P ( Weatherhead et al. 1998) , %
B[] A5 P ARG TA S B i ) B[] AP 1 e 7 A
= IS AN AR L 22, BEFH AL IE 14 g 3 4 rh AR
TP [ R 26 BRAR SR AT O 5 A oK, Ak 7
CH 1Y) M T 8 T LE B bk R0 55 O A A S A
B A .

BB [F) 0P 5 0 AP SR L 41 06 R 2 T
B Bilhn, 7EZEn s SRS b R B, 1Ak
SEHC L A6 H U Hb 54X LL A -5 S5 ) A5 1 TE K
(Brekke et al. 2013) , &gk M5 Y [ Fft 52 25 2F Al
U5 A A K A= T A2 1 BIF 5T 45 S 3R WIS AP SAL



6 31 I B A A < 2 P B ) % SR AP XA A S 2 R )[R 3 +945-

B & AN 32 B [R) A P B2 W ( Kreisinger et al.
2010) . k4 ( Passer domesticus) BT 5% 45 B A
S 7 SRR [ A0 M 55 S A QAT L 8 22 18] T6 K Bk
£ ( Vaclav et al. 2007 ), £ 4 )& 3k i 49
( Pachycephala pectoralis ) 1) B 58 [6] & P 5 1% 4
LI RIS R R, 282 0 M A T
BB v W I B, 7 TR — U PN I A P S A
/L) 1E b 7 {8 (van Dongen et al. 2009), 2k
M, 75 #HE 55 2 B AT 5 vh AP IE T8 A S L
55 B ) 20 M Z 1B A7 7E 1EAH G OC & (Stutchbury
et al. 2008) ., LaBarbera %% (2010) X} )~ 2 £ 4%
S50 LB %2 10 H5 4 8  Troglodytes aedon) Fi
FESEAT T U AN ACAL L 28 55 24 Ml B ] A0 P Y 0%
FAWFE, W5 IRV 2 A0 s 22
ANRIEE, — > 1T Ak B b AR I A A R R
I3 — A I 8 JE TR T AR IR L AR, 45 R B
7 AL TR PR AT 5 v 1 S A AC A LE AR 08K ey 1) K
BELIR) A, b AR A S () 20 M A 3 7 A R R
B 200 s BN A T AR LA AR R R
B 2 M AT ] — S PR B B0 [R] A0 1R 98 B
KUK o 3 B BEHH W) A0 1 A RE 16 fifk B 12 1) o i
A [a) A 3% SRR PR A B R 22 1) S P SO e 32 22 5
AR SR o A N 3 ol 3 A A — B0 Ji PR AT e e
M 85 A7 A A L 248 1 At A2 37 skt PR 2 AE BT BF 9 1Y
YR AEAE R 25 5. (HXKBRAR D, Bz 25
B AT Y L PERFIY

2.3 MEEMIRE i A OC R NS B
XTASRG AR IR, JUHEE Y
JBT M RO 75 Gk A 3 AW R i IR B A
TH S AR A B AN W A, NI DTS By —
AR, SR, AT T O6TE Y
W A Z #E D, Kempenaers 45
(2010) 4 7 NIE G XT 5 2R bR E 5 0 15
AR FR S U A ACASUR B A I 8] ) 52 e G P 4
it 1 55 BB IR EE T, LR L RR AR e A
Jre M T i () B R, XM R IR AR H AR S
BN R b R WFSEIER] TR
KIOGCRYFZ e R, E PR 7 BRI a] LS 2 4R T T
1.5 dy AbTE Q5T S, 30T A 0 T O A e 4 4R
Ao S A/ C A 79 B ) 2% LU AT 8 408 B Ak 7E 4

HorboO A REYE R R 2 A o BT SR A SRAERDL TS
e Xof 5 2 EHAT A 1 I LA AR A R AR A
S Y S

2.4 REAXRE FALFTRTZHYAETL
i i E2 B2 B 43 ( Clutton-Brock 1991) , &/ 81%
1 Ao 2 B WE HE 7 ((Cockburn 2006 ) .
HEVEAE RGEYE T 4 38 09 A A 2 e — (& 37
# (Reynolds et al. 2002) 5 2 J& 5 M 47328
Bt HMEMEREALE R L AEMIER, A
TEEAREE FERE b, A [6) 9 b 160 A A 00 47 1)
(22 31 1 J& AN TRl B9 (Webb et al. 2010) o #h 2>
I RE PR e HE MR AR R R SR T P 5Tk
(Adrian et al. 2005) ., 7E— it Z Ml 4 Fh e,
PN g o P 7 I (S S o 7/ R e S
RA L H W E o R B W 7 3k R K 4R
(Székely et al. 2007) ,

R H R B AERE T Y, PRI ALY
B FNHE PE AL E M R AT BE AF 7R A G M
(Queller 1997, Sheldon 2002 ) , X # 45 3¢ £ 1]
R AEFK: 55—, S FREL LR
F) P B 7K 2Z () AR A — R R AR A AR 1
N2, TS A RGO R I A 2 5 i i
PEXT BN T A T IEF R EZ (Kokko et al.
2008) ; 2, X FPOCER T fERAT N Ry, MEE
1 3 B 5 R AR DG B Y AR R R H Y
AL (Sheldon 2002) 3 P Fl AL il #B 75 2
TEEFH A m B E AT RA L FWIA
N, B EE S Z 5 B EARTEE A
), XK J& AN 248 A B A AR Y
(Walsberg 1983) , #Kiii, MAEC LU 1 ¢k
WIFAE R R A S AR . TR, BT
AR E e 2 IRy, ] a6 58
T B2 B H A 1 26 0 81 19 45025 (Conway et al.
2000, Fontaine et al. 2006, Matysiokova et al.
2011) o BHATH 1k, BA DX LT 5
Br 1 SR AL PR X AR BT 5 WS A AR 5%
F, 45 R R P A A G PE (Schwagmeyer et
al. 1999)

A LIR, M A 35t 1% O B8 (AR ) Bk
MR LT R R E N R, T



+946- W2t Chinese Journal of Zoology 49 %

R R HERE LT, 2 NHREHEREL
(35 Bl R AL TR AR . R HIS B LAY 5 (1 F 5
rh R S SRR A S I 19 4T A 1 g AR R IR
W7, R Ak SO0 e R D 1 R R 25 TR A B AR A AL
VS A AR AR T 185 o, 8 4 35 A% £ B T 52 Wi e
HWEARY T A1 — A~ 5 2 [ & (Matysiokova
et al. 2013),
2.5 FHEMANN PR HENETE
PRI T R AR IS AN I L2y, B UL
A B %) S 3RS BORE A S B0 T G AT A A1 O
XF T 1§ A 22 TE B 5 5K (Magrath et al. 2009,
Vedder et al. 2010) , ZAH T fif 5 28 X Fh 4§ b
ACAL L AR TR 7 B I AILAS [ 7 A2 A A9 S, gl i
IS TS 2 B RS o [F A 2 — R
HAT AR 1 2 5955 B0, 5 2R 0 BEAR e P mT L)
TR E 7 BN I LA SN ACAL LR Z Al i 5 & o
AN, G SR R A 7 S — MO B A LR S A S T
70, Mg 52 RA SR, B4R S
T e T I S WA B R AR 96 ( Birkhead
1987) , B 2 4§ 5h 7 AU B K 5 % R £k %
QRIS A7 ARG o] DR 35 A 78 i Bl 4 53 DR 4
FR 34 T 6, IR 285 SN SZBCAT G A R
WE S = BT A5 IR o SR, DX 33X T A Y 2 B
FRAE, 35 AP A2 BE I AL 5¢ i8S R AT b % e
J— ol 5 1 A PR PR AR OC RO IR B o Vedder
S5 (2012) SR N 1 9 16 L 48 A A 7 B0 3
RAFFE 7 B HIL 85 0 1A A2 3R 22 A) Y 06 &
ST S U AN SRR, A R R BN RAE Y
7 G I BILBE A R 85 A ACAL 7 S0, A Ay
4 2E BRAR AR U8 WS AN AR T oK, 5 R S
YR HBA AR M

—SERF TN IS A ARTE AR BN
BEDLAY, 18 85 A A A B 2 B0 B R (Krist
et al. 2005, Magrath et al. 2009, Ferree et al.
2010) ; XHHIEE 5 ( Sialia mexicana ) 1) =GP IR ¥
JE TR 0§ N Ah AU B R B ST A R R
U A A AT A A7 7 5 A 2 S A AN AR T B
PO o T8 3 A [7) 14 BIF 50 235 2R doe 24 0A [
TRER W, AH RS Hh 7 ACLE 7 09 AR AL I
AR R A R o M R A 2 T 3 2 05

HMHEPE B B AR E IR AR TERE . 5L
S, AN 2R 4 T 23 A 7 B RIS 5 1§ AR ACAL
MG FR, 7 TR T A W58 £ 7 1 08 7E 52 )
WD R EMZEE MBS JFHE T
ffAE ] — ZE R v, 3 8 TR SR AT S BUIS I
AT 22 719 (Ferree et al. 2010)

3 g =%

SIHAT O — B S AT S ST B 1]
AL, SRS BB B AN [ T 2R BOAS [8] 64 %
B e, AR A S AE AT o UL, BESE 8h
Yy AT Xt T A Sh Wy i W Al Al AR
PEALAE TS AR A B2 L SRS AN AT
AR g —FhRe IR 0 SRR AT O, BRI 1
SN E B RTE, BRI B TSRO
ARSI HI B . HATRARE 24 T REW
P HMIF T K fifp BE USSP S BEAT D9 T B IS A AL
A Y SRR A R o fEL5E T S R A S 2 o
LI Qe N 3 RO S S S RS S
Je B AT ) 2 34 2 A TR 7 A B S Ak T AR E
JEEA B HUIS A AR SR i o o A O A
A TRER S 10 X 85 A AC R 4 A AT 52 o 45 ) L AT
SRBA W 58 o 6 T LA B UL A B S P AL
R 7= HE AU B 2238 328 AN e 1l A2 A W7 i B 648
), PR, 0 {0 I 7 T I 3 TR R AT Y
FLRBbM . (A KERE, Caf 2 md X
R X s, FFaEAT T IRA RS AR
HIBETE

WS S B PRIE R AR RIS AR
AR . WL R fie P AR IO 5 s 1 T i
SRR ARG A LA b, BT B WA fiE
BB BRICR 25 T AR ST . BE A A
TE it R 3 BT 45 & S I 25 2R 45 1 e
fip e . =3 FUA SE 856 A RERS o B Mo R e
FEIRR, ATAMT—J7 B i 2 #R 2 T B ST 4 R Y
BEURFIN 22 o TEAS SCRVEE YT 10 4R A 1§ 4P AL
Btseh, Eaf REREFAMETE, Hitz A
ARSI, AN BE M 42 i 7R 1§ A AU A= it
A HE A R PR, DR AR P A s 2
PERYIRAE N 13 TUS SN SR B AR, W K



6 31 I B A A < 2 P B ) % SR AP XA A S 2 R )[R 3

-947-

EAERYRENE o (P T A 21X 26 52 R [ 5 AT REAR
MEWE A B, AR METE B Ah 45 00 R BEAT NN 1%
i, PRI, S8 MRS AP A I 54T IR 0 — A
HE Ao

MG 10 47 (4 BIF 5T A 3k e BRAR 22 BF 5 45
A5 ROR B BAE AR Y, BT AS R B KB W] AT
(0 BEE 2ff BEHAR B R)E, hy R DA, B
WS R R R CE M, Hi2h T 520
MREZ, AW LA, INZ HRTM 2R
WL AN, P 2T IS SCAL RS 1 i —
R AR T E TR IR 8 18 55 ) 2218 2
HH B B B R B L i RS AN ACAU I S, MR
BEE HAR AR A2 W KRE R, —&
S TP M — 2508 (4 B8 S I 25 T 58 G i RS
e

BT 2, S 2RISR W 52T 98 A AR
PNE IR RS R e R (NS N RN/
R, RKAGIR 2 5 I GEHHAT Ty WF e 1) A A 1)
B, MEA TORRENSSO RS, A
11— 2% 55 28 0 B AT A IR A TR 1Y
g

2 £ X W

Adler M. 2010. Sexual conflict in waterfowl: why do females resist
extrapair copulations? Behavioral Ecology, 21 (1): 182
-192.

Adrian O, Brockmann I, Hohoff C, et al. 2005. Paternal
behaviour in wild guinea pigs: a comparative study in three
closely related species with different social and mating
systems. Journal of Zoology, 265(1) . 97 —105.

Alatalo RV, Gustafsson L, Lundberg A. 1984. High frequency of
cuckoldry in Pied and Collared Flycatchers. Oikos, 42(1) :
41 -47.

Albrecht T, Schnitzer J, Kreisinger J, et al. 2007. Extrapair
paternity and the opportunity for sexual selection in long-
distant migratory passerines. Behavioral Ecology, 18 (2):
477 - 486.

Arnqvist G, Kirkpatrick M. 2005. The evolution of infidelity in
socially monogamous passerines: the strength of direct and
indirect selection on extrapair copulation behavior in females.
The American Naturalist, 165( Suppl 5) : S26 - S37.

Balenger S L, Johnson L S, Mays H L Jr, et al. 2009. Extra-pair

paternity in the socially monogamous mountain bluebird Sialia

currucoides and its effect on the potential for sexual selection.
Journal of Avian Biology, 40(2) . 173 - 180.

Birkhead T. 1987. Sperm competition in birds. Trends in Ecology
& Evolution, 2(9) : 268 -272.

Birkhead T R, Pellatt J, Hunter F M. 1988. Extra-pair copulation
and sperm competition in the zebra finch. Nature, 334
(6177) : 60 - 62.

Blackmore C J, Heinsohn R. 2008. Variable mating strategies and
incest avoidance in cooperatively breeding grey-crowned
babblers. Animal Behaviour, 75(1): 63 —70.

Bollmer J L, Dunn P O, Freeman-Gallant C R, et al. 2012.
Social and  extra-pair mating in relation to major
histocompatibility complex variation in common yellowthroats.
Proceedings of the Royal Society B: Biological Sciences, 279
(1748) . 4778 — 4785.

Bonduriansky R, Chenoweth S F. 2009. Intralocus sexual
conflict. Trends in Ecology & Evolution, 24(5) : 280 —288.

Bonneaud C, Chastel O, Federici P, et al. 2006. Complex Mhe-
based mate choice in a wild passerine. Proceedings of the
Royal Society B: Biological Sciences, 273 (1590). 1111
-1116.

Bouwman K M, Van Dijk R E, Wijmenga J J, et al. 2007. Older
male reed buntings are more successful at gaining extrapair
fertilizations. Animal Behaviour, 73(1): 15 -27.

Brekke P, Cassey P, Ariani C, et al. 2013. Evolution of extreme-
mating behaviour: patterns of extrapair paternity in a species
with forced extrapair copulation. Behavioral Ecology and
Sociobiology, 67(6) : 963 —972.

Brekke P, Wang J L, Bennett P M, et al. 2012. Postcopulatory
mechanisms of inbreeding avoidance in the island endemic
hihi ( Notiomystis cincta ). Behavioral Ecology, 23(2) . 278
—-284.

Brouwer L, Barr I, Van De Pol M, et al. 2010. MHC-dependent
survival in a wild population: evidence for hidden genetic
benefits gained through extra-pair fertilizations. Molecular
Ecology, 19(16) : 3444 —3455.

Burg T M, Croxall J P. 2006. Extrapair paternities in black-
browed  Thalassarche ~ melanophris,  grey-headed  T.
chrysostoma and wandering albatross Diomedea exulans at
South Georgia. Journal of Avian Biology, 37(4) : 331 —338.

Butler M W, Garvin J C, Wheelwright N T, et al. 2009. Ambient
temperature, but not paternity, is associated with immune
response in Savannah Sparrows ( Passerculus sandwichensis) .
The Auk, 126(3): 536 —542.

Canal D, Jovani R, Potti J. 2012. Male decisions or female
accessibility? Spatiotemporal patterns of extra pair paternity in

a songbird. Behavioral Ecology, 23(5): 1146 — 1153.



-948-

W2t Chinese Journal of Zoology 49 %

Charmantier A, Perret P. 2004. Manipulation of nest-box density
affects extra-pair paternity in a population of blue tits ( Parus
caeruleus) . Behavioral Ecology and Sociobiology, 56 (4) .
360 - 365.

Clutton-Brock T H. 1991. The Evolution of Parental Care.
Princeton: Princeton University Press.

Cockburn A. 2006. Prevalence of different modes of parental care
in birds. Proceedings of the Royal Society B: Biological
Sciences, 273(1592) . 1375 - 1383.

Cockburn A, Dalziell A H, Blackmore C J, et al. 2009. Superb
fairy-wren males aggregate into hidden leks to solicit
extragroup fertilizations before dawn. Behavioral Ecology, 20
(3):501 -510.

Conway C J, Martin T E. 2000. Evolution of passerine incubation
behavior; influence of food, temperature, and nest predation.
Evolution, 54(2): 670 —685.

Dixon A, Ross D, O'Malley S L C, et al. 1994. Paternal
investment inversely related to degree of extra-pair paternity in
the reed bunting. Nature, 371(6499) . 698 —700.

Dunn P O, Garvin J C, Whittingham L A, et al. 2010.
Carotenoid and melanin-based ornaments signal similar
aspects of male quality in two populations of the common
yellowthroat. Functional Ecology, 24 (1) . 149 —158.

Dunn P O, Lifjeld J T, Whittingham L A. 2009. Multiple
paternity and offspring quality in tree swallows. Behavior
Ecology Sociobiology, 63(1): 911 -922.

Edly-Wright C, Schwagmeyer P L, Parker P G, et al. 2007.
Genetic similarity of mates, offspring health and extrapair
fertilization in house sparrows. Animal Behaviour, 73 (2) .
367 -378.

Eliassen S, Kokko H. 2008. Current analyses do not resolve
whether extra-pair paternity is male or female driven.
Behavioral Ecology and Sociobiology, 62(11) : 1795 - 1804.

Ewen J G, Armstrong D P, Lambert D M. 1999. Floater males
gain reproductive success through extrapair fertilizations in the
stitchbird. Animal Behaviour, 58(2) . 321 —328.

Ferree E D, Dickinson J, Rendell W, et al. 2010. Hatching order
explains an extrapair chick advantage in western bluebirds.
Behavioral Ecology, 21(4): 802 -807.

Ferretti V, Massoni V, Bulit F, et al. 2011. Heterozygosity and
fitness benefits of extrapair mate choice in White-rumped
Swallows ( Tachycineta leucorrhoa ). Behavioral Ecology, 22
(6): 1178 - 1186.

Fontaine J J, Martin T E. 2006. Parent birds assess nest predation
risk and adjust their reproductive strategies. Ecology Letters,
9(4): 28 -34.

Forsman A M, Vogel L A, Sakaluk S K, et al. 2008. Female

house wrens ( Troglodytes aedon) increase the size, but not
immunocompetence, of their offspring through extra-pair
mating. Molecular Ecology, 17(16) : 3697 —3706.

Forstmeier W. 2007. Do individual females differ intrinsically in
their propensity to engage in extra-pair copulations? PLoS
One, 2(9): e952.

Forstmeier W, Martin K, Bolund E, et al. 2011. Female extrapair
mating behavior can evolve via indirect selection on males.
Proceedings of the National Academy of Sciences of the
United States of America, 108(26) : 10608 — 10613.

Freeman-Gallant C R, Wheelwright N T, Meiklejohn K E, et al.
2006. Genetic similarity, extrapair paternity, and offspring
quality in Savannah sparrows ( Passerculus sandwichensis) .
Behavioral Ecology, 17(6) : 952 - 958.

Garvin J] C, Abroe B, Pedersen M C, et al. 2006. Immune
response of nestling warblers varies with extra-pair paternity
and temperature. Molecular Ecology, 15(12) : 3833 - 3840.

Garvin J C, Dunn P O, Whittingham L. A, et al. 2008. Do male
ornaments signal immunity in the common yellowthroat?
Behavioral Ecology, 19(1) : 54 - 60.

Genevieve M, Jones W, Techow N M, et al. 2012. Dalliances
and doubtful dads: what determines extra-pair paternity in
socially monogamous wandering albatrosses? Behavior Ecology
Sociobiology, 66(2): 1213 —1224.

Gowaty P A, Karlin A A. 1984. Multiple maternity and paternity
in single broods of apparently monogamous Eastern bluebirds
( Sialia sialis ). Behavioral Ecology and Sociobiology, 15
(2):91-95.

Gray E M. 1997. Do female red-winged blackbirds benefit
genetically from seeking extra-pair copulations? Animal
Behaviour, 53(3): 605 - 623.

Griffith S C. 2007. The evolution of infidelity in socially
monogamous passerines: neglected components of direct and
indirect selection. The American Naturalist, 169(2) ; 274 -
281.

Griffith S C, Owens 1 P F, Thuman K A. 2002. Extra pair
paternity in birds: a review of interspecific variation and
adaptive function. Molecular Ecology, 11 (11 ). 2195
-2212.

Halliday T, Arnold S J. 1987. Multiple mating by females-A
perspective from quantitative genetics. Animal Behaviour, 35
(3):939 -941.

Hansson B. 2004. Marker-based relatedness predicts egg-hatching
failure in great reed warblers. Conservation Genetics, 5(3) :
339 -348.

Hasson O, Stone L. 2011. Why do females have so few extra-pair
offspring? Behavioral ecology and sociobiology, 65(3): 513



6 31 I B A A < 2 P B ) % SR AP XA A S 2 R )[R 3

-949.

-523.

Hogg J T, Forbes S H. 1997. Mating in bighorn sheep: frequent
male reproduction via a high-risk “ unconventional ” tactic.
Behavioral Ecology and Sociobiology, 41(1) : 33 —48.

Jennions M D, Petrie M. 2000. Why do females mate multiply? A
review of the genetic benefits. Biological Reviews of the
Cambridge Philosophical Society, 75(1) : 21 - 64.

Jones M G W, Techow N M S M, Ryan P G. 2012. Dalliances
and doubtful dads: what determines extra-pair paternity in
socially monogamous wandering albatrosses? Behavioral
Ecology and Sociobiology, 66(9) : 1213 —1224.

Jouventin P, Charmantier A, Dubois M P, et al. 2007. Extra-pair
paternity in the strongly monogamous wandering albatross
Diomedea exulans has no apparent benefits for females. Ibis,
149(1) . 67 -78.

Kahn A T, Mautz B, Jennions M D. 2010. Females prefer to
associate with males with longer intromittent organs in
mosquitofish. Biology Letters, 6(1): 55 - 58.

Kawano K M, Yamaguchi N, Kasuya E, et al. 2009. Extra-pair
mate choice in the female great tit Parus major: good males or
compatible males. Journal of Ethology, 27(3) : 349 —359.

Kempenaers B. 2007. Mate choice and genetic quality; a review
of the heterozygosity theory. Advanced Study Behavior, 37
(1): 189 -278.

Kempenaers B, Borgstrom P, Loés P, et al. 2010. Artificial Night
Lighting Affects Dawn Song, Extra-Pair Siring Success, and
Lay Date in Songbirds. Current Biology, 20 (19). 1735
-1739.

Kempenaers B, Verheyen G R, Dhondt A A. 1997. Extra-pair
paternity in the blue tit ( Parus caeruleus) : female choice,
male characteristics, and offspring quality. Behavioral
Ecology, 8(5): 481 -492.

Kirkpatrick M, Barton N H. 1997. The strength of indirect
selection on female mating preferences. Proceedings of the
National Academy of Science of the United States of America,
94(4) . 1282 -1286.

Kokko H, Jennions M D. 2008. Parental investment, sexual
selection and sex ratios. Journal of Evolutionary Biology, 21
(4):919 -948.

Kreisinger J, Munclinger P, Javirkova V, et al. 2010. Analysis
of extra-pair paternity and conspecific brood parasitism in
mallards Anas platyrhynchos using noninvasive techniques.
Journal of Avian Biology, 41(5): 551 -557.

Krist M, Nadvornik P, Uvirova L, et al . 2005. Paternity covaries
with laying and hatching order in the collared flycatcher
Ficedula albicollis. Behavioral Ecology and Sociobiology, 59
(1):6-11.

LaBarbera K, Llambias P E, Cramer E R A, et al. 2010.
Synchrony does not explain extrapair paternity rate variation in
northern or southern house wrens. Behavioral Ecology, 21
(4): 773 -780.

Lee ] W. 2012. Females may not obtain indirect genetic benefits
from extra-pair paternity in vinous-throated parrotbills,
Paradoxornis webbianus. Journal of Ethology, 30 (1): 53
-59.

Lee P L M, Hays G C. 2004. Polyandry in a marine turtle:
females make the best of a bad job. Proceedings of the
National Academy of Science of the United States of America,
101(17) : 6530 - 6535.

Lezalova-Pialkova R. 2011. Molecular evidence for extra-pair
paternity and intraspecific brood parasitism in the Black-
headed Gull. Journal of Ornithology, 152(2) : 291 —295.

Lopes I F, Mifio C I, Rocha C D, et al. 2013. Inferred kinship
patterns reveal low levels of extra-pair paternity in the
endangered Neotropical Jabiru Stork (Jabiru mycteria, Aves:
Ciconiiformes) . Genetica, 141(4/6) : 195 —203.

Magrath M J L, Vedder O, Van Der Velde M, et al. 2009.
Maternal effects contribute to the superior performance of
extra-pair offspring. Current Biology, 19(9): 792 -797.

Matysiokova B, Cockburn A, Reme$ V. 2011. Male incubation
feeding in songbirds responds differently to nest predation risk
across hemispheres. Animal Behaviour, 82 (6 ). 1347
-1356.

Matysiokova B, Reme¥ V. 2013. Faithful females receive more
help: the extent of male parental care during incubation in
relation to exira-pair paternity in songbirds. Journal of
Evolutionary Biology, 26(1): 155 - 162.

Mayer C, Pasinelli G. 2013. New support for an old hypothesis :
density affects extra-pair paternity. Ecology and Evolution, 3
(3): 694 -705.

Mays H L, Hill G E. 2004. Choosing mates: good genes versus
genes that are a good fit. Trends in Ecology & Evolution, 19
(10): 554 -559.

Mckinney F, Evarts S. 1998. Sexual coercion in waterfowl and
other birds. Ornithological Monographs, 49(1): 163 - 195.

Moller A P, Ninni P. 1998. Sperm competition and sexual
selection: a meta-analysis of paternity studies of birds.
Behavioral Ecology and Sociobiology, 43(6) : 345 —358.

Mulard H, Danchin E, Talbot S L, et al. 2009. Evidence that
pairing with genetically similar mates is maladaptive in a
monogamous bird. BMC Evolutionary Biology, 9(1): 147.

Neff B D, Pitcher T E. 2005. Genetic quality and sexual
selection: an integrated framework for good genes and

compatible genes. Molecular Ecology, 14(1): 19 -38.



-950-

W2t Chinese Journal of Zoology 49 %

Petrie M, Kempenaers B. 1998. Extra-pair paternity in birds:
explaining variation between species and populations. Trends
in Ecology & Evolution, 13(2) : 52 - 58.

Promerova M, Vinkler M, Bryja J, et al. 2011. Occurrence of
extra-pair paternity is connected to social male’ s MHC-
variability in the scarlet rosefinch Carpodacus erythrinus.
Journal of Avian Biology, 42(1): 5 -10.

Pryke S R, Rollins L A, Griffith S C. 2011. Females use multiple
mating and genetically loaded sperm competition to target
compatible genes. Science, 329(5994) . 964 - 967.

Puurtinen M, Ketola T, Kotiaho J S. 2009. The good-genes and
compatible-genes benefits of mate choice. The American
Naturalist, 174(5) : 741 -752.

Queller D C. 1997. Why do females care more than males?
Proceedings of the Royal Society B: Biological Sciences, 264
(1388): 1555 - 1557.

Quillfeldt P, Masello J F, Segelbacher G. 2012. Extra-pair
palernity in seabirds: a review and case study of Thin-billed
prions Pachyptila belcheri. Journal of Ornithology, 153(2):
367 -373.

Reid ] M, Arcese P, Sardell R J, et al. 2011. Heritability of
female extra-pair paternity rate in song sparrows ( Melospiza
melodia). Proceedings of the Royal Society B: Biological
Sciences, 278 (1708) ; 1114 - 1120.

Reid J M, Keller L F. 2010. Correlated inbreeding among
relatives;  occurrence,  magnitude and  implications.
Evolution, 64(1): 973 —985.

Reid J M, Sardell R J. 2012. Indirect selection on female extra-
pair reproduction? Comparing the additive genetic value of
maternal half-sib  extra-pair and within-pair offspring.
Proceedings of the Royal Society B: Biological Sciences, 279
(1734) . 1700 - 1708.

Reynolds J D, Goodwin N B, Freckleton R P. 2002. Evolutionary
transitions in parental care and live bearing in vertebrates.
Philosophical Transactions the Royal Society B: Biological
Sciences, 357(1419) : 269 - 281.

Richardson D S, Komdeur J, Burke T, et al. 2005. MHC-based
patterns of social and extra-pair mate choice in the Seychelles
warbler. Proceedings of the Royal Society B: Biological
Sciences, 272(1564) . 759 -767.

Rodriguez-Mufioz R, Tregenza T. 2009. Genetic compatibility and
hatching success in the sea lamprey ( Petromyzon marinus) .
Biology Letters, 5(2): 286 —288.

Rosivall B, Szollési E, Hasselquist D, et al. 2009. Effects of
extrapair paternity and sex on nestling growth and condition in

Ficedula  albicollis.

the collared flycatcher, Animal

Behaviour, 77(3): 611 -617.

Ryder T B, Fleischer R C, Shriver W G, et al. 2012. The
ecological-evolutionary interplay: density-dependent sexual
selection in a migratory songbird. Ecology and Evolution, 2
(5):976 -987.

Sardell R J, Arcese P, Reid J M. 2012. Offspring fitness varies
with parental extra-pair status in song sparrows, Melospiza
melodia. Proceedings of the Royal Society B: Biological
Sciences, 279 (1744 ) ; 4078 —4086.

Schmoll T. 2011. A review and perspective on context-dependent
genetic effects of extra-pair mating in birds. Journal of
Ornithology, 152(1) . 265 —277.

Schwagmeyer P L, Clair R C St, Moodie J D, et al. 1999.
Species differences in male parental care in birds: a
reexamination of correlates with paternity. The Auk, 116
(2) . 487 -503.

Schwensow N, Fietz J, Dausmann K, et al. 2008. MHC-
associated mating strategies and the importance of overall
genetic  diversity in an obligate pair-living primate.
Evolutionary Ecology, 22(5): 617 - 636.

Sheldon B C. 2002. Relating paternity to paternal care.
Philosophical Transactions the Royal Society B: Biological
Sciences, 357 (1419) : 341 -350.

Sheldon B, Gustafsson L, Ellegren H. 1997. Paternal genetic
contribution to offspring condition predicted by size of male
secondary sexual character. Proceedings of the Royal Society
B, 264(1):297 -302.

Smuts B B, Smuts R W. 1993. Male aggression and sexual
coercion of females in nonhuman primates and other
mammals; evidence and theoretical implications. Advances in
the Study of Behavior, 22(1): 1 -63.

Spottiswoode C, Mgller A P. 2004. Genetic similarity and
hatching success in birds. Proceedings of the Royal Society
B. Biological Sciences, 271(1536) : 267 -272.

Stapleton M K, Kleven O, Lifjeld J T, et al. 2007. Female tree
swallows (' Tachycineta  bicolor )  increase  offspring
heterozygosity through extrapair mating. Behavioral Ecology
and Sociobiology, 61(11): 1725 - 1733.

Stewart S L M, Westneat D F, Ritchison G. 2010. Extra-pair
paternity in eastern bluebirds: effects of manipulated density
and natural patterns of breeding synchrony. Behavioral
Ecology and Sociobiology, 64(3) : 463 —473.

Stow A J, Sunnucks P. 2004. Inbreeding avoidance in
Cunningham’s skinks ( Egernia cunninghami) in natural and
fragmented habitat. Molecular Ecology, 13(2) . 443 —447.

Stutchbury B J M, Morton E S. 2008. Recent advances in the
behavioral ecology of tropical birds: the 2005 Margaret Morse
Nice lecture. The Wilson Journal of Ornithology, 120 (1) .



6 31 I B A A < 2 P B ) % SR AP XA A S 2 R )[R 3

<951~

26 -37.

Suter S M, Keiser M, Feignoux R, et al. 2007. Reed bunting
females increase fitness through extra-pair mating with
genetically dissimilar males. Proceedings of the Royal Society
B Biological Sciences, 274 (1627) . 2865 —2871.

Székely T A, Kosztolanyi A, Kiipper C. 2007. Sexual conflict
over parental care: a case study of shorebirds. Journal of
Ornithology, 148(2) . 211 -217.

Tarvin K A, Webster M S, Tuttle E M, et al. 2005. Genetic
similarity of social mates predicts the level of extra-pair
paternity in splendid fairy-wrens. Animal Behaviour, 70(4) :
945 -955.

Thoss M, Ilmonen P, Musolf K, et al. 2011. Major
histocompatibility complex heterozygosity enhances
reproductive success. Molecular Ecology, 20 (7). 1546
-1557.

Thuman K A, Griffith S C. 2005. Genetic similarity and the
nonrandom distribution of paternity in a genetically highly
polyandrous shorebird. Animal Behaviour, 69 (4). 765
-770.

Tregenza T, Wedell N. 2000. Genetic compatibility, mate choice
and patterns of parentage: Invited Review. Molecular
Ecology, 9(8): 1013 - 1027.

Tschirren B, Postma E, Rutstein A N, et al. 2012. When
mothers make sons sexy: maternal effects contribute to the
increased sexual attractiveness of extra-pair offspring.
Proceedings of the Royal Society B: Biological Sciences, 279
(1731): 1233 - 1240.

van Dongen W F D, Mulder R A. 2009. Multiple ornamentation
female breeding synchrony, and extra-pair mating success of
golden whistlers ( Pachycephala pectoralis ). Journal of
Ornithology, 150(3) . 607 —620.

Vaclav R, Hoi H. 2007. Experimental manipulation of timing of
breeding suggests laying order instead of breeding synchrony
affects extra-pair paternity in house sparrows. Journal of
Ornithology, 148(4) : 395 -400.

Varian-Ramos C W, Webster M S. 2012. Extrapair copulations
reduce inbreeding for female red-backed fairy-wrens, Malurus
melanocephalus. Animal Behaviour, 83(3) : 857 - 864.

Vedder O, Magrath M J L, Harts A M F, et al. 2010. Reduced
extrapair paternity in response to experimental stimulation of
earlier incubation onset in blue tits. Behavioral Ecology, 21
(3):9-15.

Vedder O, Magrath M J L, Niehoff D L, et al. 2012. Declining

extra-pair paternity with laying order associated with initial

incubation behavior, but independent of final clutch size in
the blue tit. Behavioral Ecology and Sociobiology, 66 (4) :
603 - 612.

Walsberg G E. 1983. Avian ecological energetics // Avian Biology,
Vol. 7. New York: Academic Press, 161 —220.

Wan D M, Chang P, Yin J X. 2013. Causes of extra-pair
paternity and its inter-specific variation in socially
monogamous birds. Acta Ecologica Sinica, 33 (3): 158
-166.

Weatherhead E C, Reinsel G C, Tiao G C, et al. 1998. Factors
affecting the detection of trends: Statistical considerations and
applications to environmental data. Journal of Geophysical
Research: Atmospheres (1984 -2012), 103(D14) . 17149
-17161.

Webb T J, Olson V A, Székely T, et al. 2010. Who cares?
Quantifying the evolution of division of parental effort.
Ecology and Evolution, 1(3): 221 -230.

Westneat D F, Stewart I R K. 2003. Extra-pair paternity in birds ;
causes, correlates, and conflict. Annual Review of Ecology,
Evolution, and Systematic, 34(17) : 365 —396.

Wetzel D P, Westneat D F. 2009. Heterozygosity and extra-pair
paternity ; biased tests result from the use of shared markers.
Molecular Ecology, 18(9): 2010 —2021.

Whittingham L A, Dunn P O, Clotfelter E D. 2003. Parental
allocation of food to nestling tree swallows: the influence of
nestling behaviour, sex and paternity. Animal Behaviour, 65
(6): 1203 -1210.

Wilk T, Cichon M, Wolff K. 2008. Lack of evidence for improved
immune response of extra-pair nestlings in collared flycatcher
Ficedula albicollis. Journal of Avian Biology, 39 (5): 546
-552.

Yezerinac S M, Gibbs H L, Briskie J V, et al. 1999. Extrapair
paternity in a far northern population of yellow warblers
Dendroica petechia. Journal of Avian Biology, 30(2) : 234 -
237.

Zeh J A, Zeh D W. 1996. The evolution of polyandry I .
intragenomic conflict and genetic incompatibility. Proceedings
of the Royal Society B: Biological Sciences, 263 (1377) .
1711 - 1717.

Zeh ] A, Zeh D W. 1997. The evolution of polyandry 1II : post-
copulatory  defenses  against  genetic  incompatibility.
Proceedings of the Royal Society B: Biological Sciences, 264
(1378): 69 -75.

BRer 42, FBIEIE, SRIENE. 2001. 55 0% e il B 1 2k 25 2% 4
k. ik, 36(1): 47 -54.





