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Six Hypotheses of Protandry in Migratory Birds and Study
Hotspots in the Future
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(Coastal Ecosystems Research Station of the Yangtze River Estuary, Ministry of Education Key Laboratory for Biodiversity Science and Ecological
Engineering, Institute of Biodiversity Science, Fudan University, Shanghai 200433, China)

Abstract: Protandry refers the earlier arrival at breeding sites or reproductive stages of males than females.
Focusing on the general phenomenon of males arriving at breeding sites earlier than females in migratory birds, we
introduced six hypotheses for explaining the protandrous arrival, including rank advantage, susceptibility, constraint,
mate opportunity, waiting cost, and mate choice hypothesis. We also discussed the applicability of these hypotheses to
explain the protandry in migratory birds. In addition, we put forward the issues which might be important in the future
research, including 1) occurrences of protandry in species of sexually homomorphism, 2) effects of global warming on
protandry, and 3) effects of intrasexual competition on protandry.
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W A A B LR N B TREDIR S B R 104 BB b 1Y
W % (Wiklund & Fagerstrom, 1977; Morbey &
Ydenberg, 2001). XMINRAEVEZ PR IEA K
A, W n £k H (Grewal et al, 1993). 5 s
(Botterweg 1982; Thornhill & Alock, 1983;
Muralimohan & Srinivasa, 2008). 2% (Quinn &
Unwin, 1993; Morbey, 2000). ##i2¢ (Semlitsch
1985; Semlitsch et al, 1993). €172 (Weatherhead &
Hoysak, 1989; Olsson & Madsen, 1996). &
(Francis & Cooke, 1986, 1990; Moore et al, 1990;
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AR 7R, T A ST R I S0 b o S A
PRI AN A P o Ee A v T PS4, R H
LEYE FLB (Dierschke et al, 2005).
TERZRITAETENY, VF2 A S IR TP A AR ) i
PEANARSE RLBA B, I EEE R (Morbey
& Ydenberg, 2001; Rubolini et al, 2004; Kokko et al,
2006). S fige S HEPE LB 9T 2 O RiR R, B
X R AERLH T T IR >, HAZ RVE R R
T4 i 5h ) 5 4 2% (Morbey, 2000; Morbey &
Ydenberg, 2001). T4k, VFZ @ fe LRl
RAFREAG S R LB, I T REAH OQ S 0 IX L4l
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YLHEATIOAE (Forstmeier, 2002; Kokko et al, 2006).
BT 5 A 15 T 1 7 I A B8 Im o & ST AE AL
PR, Rl AR ERAR R SR, WESTREN: LB
X RN L 143 IV T 5 R A BR AR B 1) A2 40 2
HAHEEE

AR PR I E . 20 24K,
T S RIAESE T B, WMk S Ak 2. 1TAEM
HSFOAT TN T fi# (Zhang & Yang, 1997). #&
WM I 5 PP AN AT A I 9] 22 S R HROE AR
IO R SR AT T IHA MR 45, AT
A 4 T LI R L I BAH N B S B 4, 4
HH T A Ao AR R FRD B A A S5 AT BE OIS
)8

1 &S R IR BB (15 & 36 iE
ARPLEFE I ) AR PR 5, PR 1 SR L B

(B YA Ay TR B e PR LRI PR Ul K2
AR AR BN, B JEH T — Moz
W, ISR (rank advantage) i BURTE
(susceptibility) i 5 FREIPE (constraint) fEd;
PR PR VLAY, KEFEIE I [F] I A - oAl ooy A
A4, INTIASE P A A £ 38000 S 0t ) )b A7 A —
SE AT, AEACECHLZ: (mate opportunity) fE
EAARAT (waiting cost) i 1t 15 i 3 16 £2 - (mate
choice) Bk (% 1).
1.1 FRMB B R EEIE

SR AR AB 2 Ketterson & Nolan (1976) 4R
i 2 PR 1 A A4 A ST 0 T 3 AL PR AL AT A T
FEH ) ZARUEIA, B S TA BT R e 1A 44
RS v 0 s TR (1 A0k, T SR A A e 1 0 Ay
% (Ketterson & Nolan, 1976; Myers, 1981). % Ff i
i, MER A OEUR (sex-role reversed) [IZSHEEN] TS

1 ZEEE R IR
Tab.1 Hypotheses of protandry in migratory birds

s st b i BAIE Y 2 G 2R
Selective pattern Hypothesis Selective causation Tested major bird groups
ZERARIA YRR T AT h (0 — 7 (5 i), Al Gaa i 5 3 TEZ MBI 28, AT A IR 2k

Rank advantage

GBI o 4 v R U AR A

I e U W2 B TR F K, AEMERE I P SR DU MM T 1 1525
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PRk 525 IR B B A SR R ZE e M, A A A s L B ST A b A B S, e
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ZHCHL e Ve IVE R T HEVEANMA, FLBK S (O HEE TSR HAUSAME AT A R 52K
Mate opportunity (ELE SN IR
JERi S RN TEREE VR FRErE, PRRMEVE/E B A VR H AT S RRIE YR
Direct selection ~ Waiting cost R
[ pred BEPEE I E e, MEVERR BA M, ENRE HATELZ SCREIEE
Mate choice T HIT X P 5T 2 ) VP A

fie BLMEYE FLE1 (Morbey & Ydenberg, 2001).
REWFFTRNT,  HEME 5 A S0 0TI I 4 R 3
I8 B Mook 5 v FUE Ak (Brooke, 1979;
Arvidsson & Neergaard, 1991; Currie et al, 2000), X
TR AL 2 BOAR I S 2K rp s o W e, IR 35
—LEAMATT DURAF 2 AR, T LM TR RS
Fic A% (Hasselquist, 1998). M 25 WA 4k T >4 R JC
STUIRAT 2 T 5 8 1) 9 kA A A1 3] ST I (1)
War) 225 LA, (e AUsAT A 2R, 4 4
M—05 (ZAHEME) Wt —J7 (2 M) B

FLRIA %SG (Myers, 1981; Oring & Lank, 1982;
Francis & Cooke, 1986); M A/ oA AT Ky 2K
(100 BHE A A A4 T[] B 380 08 G M, 405 JfE,  Chen
caerulescens (Cooke et al, 1975). 5 % B2,
Euphagus cyanocephblus (Orians, 1980). — Mk,
Calidris alba (Myers, 1981). X 1 [a]$2 57§ T2 A
PARUL. Ji4h, Kokko (1999) FJ AR 7T $ 5 2
18 T M R Ak S AR T (1) 56, ARSI T 0] i ot
AU ) T A T B LI BN #

S H T 2 LR R B A B T e
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e T ) IR, AN [R] 4 28 )[R ) AN AL o 40 v
QUL T TR IR SRS AT T AN R . KR 3 Tk
W, 55 3k B M W R P AR L, B3
KA RLENS IS (Arvidsson & Neergaard, 1991;
Lampe & Epsmark, 1994) . %5 PIF¢4E (Slagsvold &
Lifjeld, 1988; Ninni et al, 2004) %% 5 1 % 2 i tH 5
HWg 51 iS5 (sexual signal). Maller (1994)f1)
LR, BRI Z I (Hirundo rustica) FEH,
S5 PEAE WY S 1 R T SR A AN W e
PE B I IR B, NmEREEEZ MG
f{. {H Forstemier (2002) X #3#%% (Phylloscopus
fuscatus) MIRFFURIN, TR IR RRE S AAAE
BRI R EE A A AT B 3e S N AL T35,
TR ) T B B S M DA S i v o )
ST ERAF IO o 17744 2R AR PR A A DI 2 )
FH 58 0 38R 40 <3 A B A /N B 28 ) o 418 1) v o
A .

SR, EE AT A GERE— 25 2% LR HEPEAH XS
ME 1 VL 1) 38 BT M BT ASF LR AR B 3R AR I AR 2
][5 % (Morbey & Ydenberg, 2001). #4h, —i&
TC AT by 1) 55 2t A7 A W A A A 380 0k BT M
PRI IR) L) 22 53, U £E 85U 86735 (Phalaropus lobatus)
1231 W ¢ 1B 758 (Steganopus tricolor) (Reynolds et al,
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1.2 SRR R EH I
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JEB#A%; Kissner et al (2003) X 30 Fl 48K H 2501
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PEAMA KT METENA) (Székely et al, 2000). (A,
TR AR U D AN TG FH T AR I B i & P B L3
1.3 PRI R EL 30 IE

P Sl PR AR 0 A B LT Gauthreaux (1978) I
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Nolan, 1983; Komar et al, 2005). A& i & (Terril
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(Oenanthe oenanthe) i & 75 1T 44 45 o i 1) 45 B4 I
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M LI RIS TR A LR IE S SR
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1990; Wedell, 1992). H#HaIX AU, U e i i
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I [R) ) LR X oy FL TR, TR R R
ACHE, AR SRR T AR PR o A H 1T OCHC 5
16 PR U AE A 1 ek e I PR B 9 DI ik 2 R
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