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Abstract: Song repertoire size is often cited as an honest index of male quality. The relationship between
repertoire size and survival, for which often using territory tenure as a proxy, has been tested in some species.
However, this relationship is still unclear. Some studies have demonstrated that males with large repertoires
keep territory longer, whereas other studies have failed to support this prediction (Table 1). To make general
inferences from this mixed evidence, we quantitatively reviewed the relevant literature based on a
meta-analytic approach. We performed key word searches using the terms “song repertoire”, “song

complexity”, “song versatility” in combination with the terms “longevity”, “survival”, “life span”, “viability”,
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“territory tenure” from Web of Science (http://apps.webofknowledge.com [2015-4-15]). We also conducted
cross-reference searches by consulting previous reviews on sexually selected traits. Finally, we collected the
data for 4 species from 12 populations, including great tit (Parus major), great reed warbler (Acrocephalus
arundinaceus), song sparrow (Melospiza melodia), brownish-flanked bush warbler (Horornis fortipes). We
calculated Fisher’s z or log odds ratio effect size from each primitive paper, and translated into Cohen’s d
effect size for Meta-analysis. Based on Random-effects Meta-analysis, mean effect size (Cohen's d) for the
association between song repertoires and territory tenure was 0.60 (95% confidence interval range from 0.38
to 0.82), which was statistically significant (random-effects meta-analysis model, n = 12, P < 0.001) (Fig. 1).
Based on Meta-regression analysis, the degree of association between song repertoires and territory tenure
was independent of latitude of study area (Meta-Regression, estimate = 0.00, 95% CI from - 0.02 t0 0.02, P =
0.953) (Fig. 2), but generally weak in populations with large song repertoires (Meta-Regression, estimate =
- 0.14, 95% CI from - 0.30 to 0.03, P = 0.110) (Fig. 3). Our results provide that repertoire size can serve as a

potential signal of territory tenure capability.
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Bl 34 F SCE . AW kAR AE: (1) B0
SO ESRME, TARETRRIE: (2) BFMA
M E—AE R B, SR Pk R, DL
SRR E R NI RE e s (3D AU AE KRR I ] 1)
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PR, G RN AR LB, &
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YRI] Cohen's d ZW &4 0.67 (95% A5 X [A]
0.36 ~ 0.97); FET XAV BN S 4
ANFIEE, EAR Cohen's d 2% 2 0.48 (0.13
~0.83). FET A RECR HAR A L5715
Nz W EE %2R (Z = 033, P =
0.744) . VIWFI A JZIR, il H 5404k 45 1 1)
[1) Cohen's d RU N ALK ILAE . K55 AT B
SR IR 25 b 43531 Ay 0.89 (95%'F {5 X [H] 0.49
~ 1.28), 0.34 (-0.05 ~ 0.72). 0.64 (0.21 ~
1.07). 0.51 (0.10 ~ 0.91), JE4&f¥) Cohen’s d
RNl 059 (0.35~0.83). %4 R H5AKE
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Table 1 Details of 12 populations used in Meta-analysis

HH 5 AU AE R I TH] £ 50k

P38 Fh#ropyy  Reltionship between repertoire sizes
W Lieiz el Fa0ig | and territory tenure
Species Source Latitude Repertoire it BT
2 sizes 4t Jy; Statistics [TE
Significance
K1l148 Parus major McGregor et al. 1981 51.75 3 F test J& Yes!
K112 Parus major Lambrechts et al. 1986 51.22 3 Chi-square test 75 No*
K1l148 Parus major Rivera-Gutierrez et al. 2010 51.16 4 One-way ANOVA J& Yes!
K51 Acrocephalus arundinaceus — Forstmeier et al. 2006 49.67 30 Pearson correlation 2 Yest
K251 Acrocephalus arundinaceus  Forstmeier et al. 2006 59.17 36 Pearson correlation 7 No*
ki ES Melospiza melodia Hiebert et al. 1989 49.21 8 Pearson correlation 1 Yes?
i #S Melospiza melodia Beecher et al. 2000 38.88 8 Pearson correlation 75 No*
a3y Melospiza melodia Reid et al. 2005 49.21 8 Spearman correlation 2 Yest
HRA3Y Melospiza melodia Hughes et al. 2007 41.67 8 Pearson correlation 75 No*
i aY Melospiza melodia MacDougall-Shackleton et al. 2009 44,65 8 Chi-square test 7 No?
SRS Horornis fortipes Xiaetal. 2015 32.00 2 Chi-square test 75 No®
S E Horornis fortipes Xia et al. 2015 28.20 2 Chi-square test 75 No®

1. WSEASCER: 2. kA S IR SOk B BE 5. 1. See in primitive papers; 2. Calculate based on data within primitive papers.
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B X E 4 0.38 ~0.82) L 75H (Z2=0.02,
P=0.981).

SRRUE, M H 5 U A3 N [A) £7 A0 2 2
JIEAHSS (Cohen's d (M4 0.60, 95%E(F
[X[H)>% 0.38 ~ 0.82, P < 0.001) (1), Meta
o3 B RG2S v Cheterogeneity analysis,
Qu = 16.90, P = 0.111) Rk (test of
asymmetry, tjo = 1.77, P =0.107). #KIxEFx
BIAEGTIE, Meta 234 ff) Cohen’s d 24w i 7
0.52 ~ 0.67 Z A8 4k, I ith H K1/
AU AERFIN [ (P < 0.001).

it H 5 AU A 45 N 18] 1) 5 R AN S0 Hh 26
[EAR4Y, (Meta-regression, #}%4 0.00, 95% %

f&IX 824 - 0.02~0.02, P=0.953) (K 2), *}
Byt H ORI, ith H b Qs 4 R I T 1 SR
555, HEHAEE (Meta-regression, &K
- 0.14, 95%EfF <IN - 030 ~ 0.03, P =
0.110) (K& 3D,
3 Wik
— A it B OR/N 5 bE S 0 S A R
(Searcy et al. 1986, Searcy 1992, Gil et al.
2002). {H Soma % (2011) &Il H K/l
5 ) B A S IEAR G, I HAaZ Rk
TERE R E R IR AR S o AN SON] 345 FEE 1
MRy it HIHKRRHET T Meta

Cohen's d UV K 9596 BT X [H]

BRI Source Cohen's d effect size and 95% confidence interval

McGregor et al. 1981 —a— 0.75[ 0.29,1.20]
Lambrechts et al. 1986 0.54[—-0.46,1.54]
Rivera-Gutierrez et al. 2010 —_— 1.28[ 0.64,1.93]
Forstmeier et al. 2006 —a— 0.58 [ 0.06,1.11]
Forstmeier et al. 2006 —— 0.18[-0.18,0.54]
Hiebert et al. 1989 1.87[ 0.25,3.48]
Beecher et al. 2000 —.— 0.77[ 0.11,1.44]
Reid et al. 2005 e 0.95[ 0.35,1.55]
Hughes et al. 2007 —.— 0.17[-0.38,0.72 ]
MacDougall-Shackleton et al. 2009 0.22[-0.81,1.20]
Xia et al. 2015 —.— 0.44[-0.05,092]
Xia et al. 2015 e —— e 0.68[—0.07,1.43]
MetaZ- #7555 Summary of meta-analysis - 0.60[ 0.38,0.82]

| | | I | |
—1.00 0.00 1.00 2.00 3.00 4.00

B 1 il RS TR TR RE) Cohen's d BN B K 95%EFX A
Fig. 1 Forest plot showing effect sizes and 95% confidence intervals for individual studies and result of
meta-analysis on relationship between repertoire sizes and territory tenure
B rp O PoR B /DN BETYOOR BRERR; M 95%EFIX Al ZETRI T SR, Meta /3BT RIAN &, SRR I 2 A7 T sioh)
I Meta 7} H1 00 Y 95% FL 7 X 1] o
Square indicates relative weight: the larger of square means the larger of relative weight; transverse line indicates 95% confidence interval; middle
point of the diamond indicates effect size of Meta-analysis, and vertex of the diamond indicates 95% confidence interval of effect size of

Meta-analysis.
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Fig. 3 Relationship between repertoire sizes and territory tenure with population repertoire sizes as covariate
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ST, AR SCHH s 4 F5 1N (144
Z i AR 55 2R AE A7 AU i N 2 25 4
W, vAENTEGAEAEAE TR (Nice
1941), Xl T B A R I ) T S R R
5 G W RN Ry i i AR — e B L2
(Tinbergen 1957, Stamps 1994), 15 2 2: 4%
WEE R TR L BTN S, AU I 1A AR
FEtim, A0 VPAIE Sy 38 5 R AR . HAE
FAR7N, WLk (Tachycineta bicolor) £ 13%
A 19 (152 58 A% S R (Kempenaers et al.
2001); 4B (Cettia diphone) ZJ 50%4f: %
(42356 Ml A (Otsuka et al. 2003a, b).
W SR A A 8 T S A C AR S AR e T
5, B F A A 5 I TR) DAL IS 5 BEK = AR AR
K2 T MEA S b i fEEE, 1E
GYHTIR) 10 J J5iah SCHR Y, S8 2% 1S o B
X DTk . X AT BESE A K 4518, (H
HFHAR LT Geids IBESIESME), H
I HME LAVl 52 e (R REFEE
Xf i H 5 AU AE R I 1] (1) Meta 20 T J¢ 4
ANE R 12 ANFPRE, FEACE /N TR
Soma % (2011) *}ih H 5 %I HAK K Meta 73
Wi S 27 A~ SR 44 T5AE 5T ; Byers %5(2009)
XF 1 H 5 E S i R 2RI f 26 AN SRR 49
T FC . FEAS S AR /N 1] 30 Meta 20T IR 4518 A
FeAd, % B BCE K ISR 5
(Borenstein et al. 2009, Chen et al. 2013). {H
A TUAE Pl B iR BRI PR 205N B 2 T G Y 5
5 Pk (Qu=16.90, P=0.111), HAKKZ%
BREIUEST S, it H 5 i i) 1) ¢ R 1)
{RFF12# (Cohen's d 2N 41T 0.52 ~ 0.67,
P <0.001). HH A WA 52 21 BLIGUIT 5T (1) 5i 2 5%
Wi o B4, R oy 1 2 520 Meta 73 At 4518 11)
HH K2 (Easterbrook et al. 1991, Deeks et al.
2005). B Tgeil B RE WAL KR, Wi
FE Meta 20475 2 WU BIGe T 45 K W 1 R
AOCHR, MBI YER 4518 (Zsolt Garamszegi
et al. 20120, {H A m far b A SC S5 10 I SR
HIR . T E A5 28K DA O TR A

(Ricklefs 1997), RIffidf gt L W&,
FHRBF U AT IR 2R R . WA I 12
AP, BRI RS E RS b
AEFE GRD. HEub ot SR m suas
SCHR A 2 PR K e (test of asymmetry,
tio=1.77, P=0.107),

PRI H 55 0 A 5 I [R) 525 DG IR P
fih b, o0 7T L RTS8 it H O
H 57 R R IR o Pk $E R ) KIS Rh e,
PER S Z Il 25 AN A4 o i 1T 5 5K Hh R B (Podlos et
al. 2004, Prum 2012). AN 7E i 4 5 Hh X
BHAM S, wI R BN A A, 52 Bk
# % 1K (Collins et al. 2009, Weir et al. 2010);
SR H ORI S5, PEIE R R ) K (Price
et al. 2002, 2007). Wk, FATIFIIbEE E5H
i 2 RS s it B G, it B S A
YERFI TR O R MG IHTS . A Meta [F[IE1 45 R
B, B LT A i H 5 R W IR
W I L AR T A0SR W 5 | P T X D) g

(Kroodsma et al. 1991), PEiN ClEMEZ 0] &
# (intrasexual selection) -5 (S 1E B i # i

(Luschi et al. 1996, Park et al. 2000), Tfij /A

CHfEREZ 7)) #EF¢ Cinter-sexual selection) ¥ 5
FYIE T 42 4% (Catchpole 1980, Catchpole et
al. 1996). TJHEME A e FIPE ] e a0 it H oK
AN DT A B B EEAH 2, AT il H 5 8
SR N () 1) G RANBH B A M 26 B A4k .
Rl RE BT LR RN i H SR ORI, 17
LR Bt . Bt H 5 75 o0 R A S
25 B (A4 T T AEAN [A) S5 e AN ], DT 7 2
P ERAT WY, TR R A
K> (2 2 5 AP, ML VA B A
XF il H 5 2 R R A A 22 . N Meta
FURMZ G, 8 H R R e, i H
5 AU AERR I TR) (1) SGTR AL 59 , (MG 1 EAN 2
Catchpole %5 (2008) %P H E&H KT
100, gy b Kl H &2k Adh N H 5
o AW S ) 12 AFlE, TR M EH A
2236, WETH/IEM S, nrEeh TH
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FEARW SOCH B 1528, i SOr e i
H IS AN 2 o i 0 U A ke A &
PN YN REREE RTINS St

XS E il B 5 AT YERFIN TR OC R K Meta
MR, (LD il H ORISR ST 5 I 1] f
FA T H AN o [R] I AR SO BB A
FhHEF25 it B X AN s m it B 5 s gt 4y
IS R IR R BT THESE, R (2) thH Y
ST R I T PR O IR AN bl S5 b 26 T AR A,
(3) il B 53t 4 1 1) (1) SC I3 il 5 K
FIMPRE AR 55 o T H DR/ A2 R 8 0 1 () J R
fit. Brif HAEZ AL, WIREARI G, IG5
RIS WGRE . WYEE SR, ]
REAE A e S T (AR, SE M E & (R e A4
WIE A FE (Tl Poesel et al. 2006, Podos et al.
2009, Beaulieu etal. 2012, Otaetal. 2014). [f]
INf 0 P AR B[R] R AH AR R, e i 5 B K
SR H — 4N (Cardoso 2010), £ 540ing
WE I E BN, BT R i E 5 A A R I )
IR FR . AT, RN OGS I K 2
D3 THRFAE ;AT SEAR N L T A 8% MR A 6 4k
YERR BT R 50 o
S NS K Western Ontario K 2% )
MacDougall-Shackleton S A Z#Z $E {1t Ji7 45 %L
o U AL BUMME RS A I B Ly SRIEREZL
o IO A e REIR . EE A, b
R Besh Pt o B iy & BT 0. PVt
FEGL, BTG R E A HAR R B s
Do

Z % X W
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