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Abstract

This thesis includes two chapters: the first one is the literature review of the
causation of cooperative breeding, as well as the relatedness between each group
members, and the benefits and costs of group members; the second one is the study of
cooperative breeding of Blue-tailed Bee-eaters ( Merops philippinus ) conducted in
Kinmen in 2008. This population of Blue-tailed Bee-eaters in Kinmen exhibit
cooperative breeding as well as colonial breeding and migratory behavior. The reason
for their cooperative breeding behavier-might be different from other territorial bird
species. Therefore, in order to understand whe‘;her the effects of helper were additive
or compensatory, I recorded the provision rates'of breeders and helpers to determine
the degree of investment. To clarify/the .rf_l_gt_edness bctweéﬁ breeders and helpers, and

to deduce the possible benefits, to tPI héﬁ?g""the blogd samples were analyzed. The
| | 1

1
&

results suggested that the food 1%6 ourge=wag “not an important factor for their
reproductive success. Betwe.e‘rrl‘ thé Lnests with “arzldj without helpers, there were no
significant differences in clutch size (4.94i0.24 vs 4.75+0.22), nestling period
(27.06+0.83 vs 28.58+0.90 days), fledging success (0.87+0.05 vs 0.86+0.06),
predation rate of nestlings (0.13 £ 0.05 vs 0.14 £ 0.06),weight (39.67 £ 0.54 vs
39.46 + 0.64 g), tarsus length (14.33 £ 0.22 vs 15.08 £ 1.13 mm), tail length
(88.97+0.66 vs 89.46+ 0.78 mm), and provision rate of breeders and helpers
combined together; the provision rate of un-helped breeders was significantly higher
than helped breeders (p=0.0144). The prediction of the optimal breeder investment
model suggested that the provision rates of the breeders were decreased in the nests

with helpers. It was suggested that the effects of helpers is compensatory, and the

energy saved by breeders might enhance their survival rate or the opportunity of
Vil



future reproduction. There were 9 male and 3 female helpers, and only one helper was
the son of the male breeder. Besides, the relatedness (—0.035+0.063) between males
within the same group were not significantly different from random expectation of
relatedness between all males (—0.067 £0.019) (p=0.474). It implied that the breeders
and helpers were not relatives. The result of the generalized linear mixed model
suggested that the presence of helper, time-period of a day, offspring age, and weather
were the important factors to the provision rate of the breeders. The presence of the
helpers probably reduced the workload of breeders. The lowest provision rate of the
breeders occurred during 0600-0800 and the highest occurred during 0800-1000. The
breeders fed more food after the tubc-falling® period of nestlings than before

tube-falling. The breeders fed least on sainy da,y's and highest on mostly clear days.

[key words] : Blue-tailed Bee-cat¢rsdderapts \philippinus), Cooperative breeding,
| TS

| | === |
Compensatory, Parental care ! ; m |
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5%
X BR = AR

1. 4447 (cooperative breeding)

BAF A FE G ARE 2 & LA b AR B BE L ) AR A A 7A BB BA( Brown 1987,
Stacey & Koenig 1990 ) = &-4F & 78 7T SAK 45 5 78 15 8 DA RBE 9 AR, B 89 34k B 14 2k
&% > ¥skaEE (reproductive skew ) & & A4 BN B AL S0 EH
#9722 % (Reeve & Keller 2001 )« & R A —HM B EE LM AT KpiiE
% 0 # & H F4] (helper at the nest) » FHEIFF X % 2 ENF T2 S1F A FEEE
P AR 5 RA R4 M (Brown [987) ; ER R S LLTET T LR S0
BERER RBALR— %%J @Ot nestmg) ﬁmﬁkﬁ % RERZFOR&K A

( Vehrencamp 2000 ;Yuan et (1. 2004) mw: % %c/\%’ﬁiéﬁﬁ%%& BT AR ] R B
FRIEEH B (delayed dlspersaq f«{i’é}ﬂ iﬁﬁéﬁkﬁﬁﬁ/ﬁi (Emlen 1982) > H

l
SO T ARIE S B A T BT Eé’ii%%ﬁ a4 S e e TS T A
H . | | '

f l
R & 784 3 — N

2. #E#HB
SE R4S K A AL E P A AR R B A B AAA (Ekman ef al

2004) - 3 pg st B 5B 09 R R AR B 7] AR B R FIR%] (ecological constraint )
WA B G 4B A A Al (benefits of philopatry ) ( Stacey & Ligon 1991) o 2 3% H
F A B LRI ERRIN R Q5L Bllobr 2 550 E s8R R E1S > BEG
S EBFRB I LA RAE R BRI B mBEEEXEFHEBRNEHFEBES
4% (Emlen 1997) « %K & (Melanerpes formicivorus) &1 £ B & 3
ER2EERMER RaE AR MERE  REENERe G AL AMELSR

BRATHREARBF AR PR ST RENARES RETEEYR
2



JB Ak (Stacey & Ligon 1987) o #t B 4m B, % % ( Malurus cyaneus ) 4.7 —15] » 3%
B E RS 5 E AR IR R ELAB M AL B35 3B (Rowley 1965) - M G4 R H
AWAFBHEGERARRKGHAAAGE L BN ZOERSFEERAH
A4ABR % (Zack 1990; Zack & Stutchbury 1992) - M5 2 > 335 H F 4] &5
AA QIR R FAEERE RAF R G R MmBEF R ARG TORFEA
WRmARBCEZB HREMT G TROEBTAECBAETH TR R
B BBERERABREREAE HYFmT  GAXRBFABAZTARYTNE
RX T3 i Bh A AT Bk H B THYEMEF A (inclusive fitness ) (Koenig &

Mumme 1987; Emlen & Wrege 1991; Clutton-Brock 2002;Baglione 2003; ) e

3.%ﬁ(mmw)%ﬁu&§%ﬂé(m&m)n
— EAEAR G i AR I L 4 2 SRR AR o FR T MR R

B B B — 63Ut 3 0 RS o A Cliple) i Rae b1 (extended) ;
'W'I'.i_:'; l ‘
§e5 — B8 X T R A L R e e (A B 1 AT R E LR

o T

(Mmmmwﬁ&%%(mwm#R:%ﬁ%ﬁ%ﬁﬁ%%@ﬂ%%%ﬁﬂ@ﬁ
A ER - ﬁﬂ‘ﬂiﬁlﬁﬂ’*\@h\ﬁi%%‘éﬁ (intagt) BT (replacement ) ( Emlen
1%@0%ﬁﬁz%%i%%%(MMm%ﬂ’ﬁgﬁﬁ%%@mmwmm

sechellensis ) )R 5F > FiR &Y MR 75 & B Bk 2 % ob B AR IRIT B B8 45 3L B 7
Bk G B LA A A X B R AR AR AE AR % K% 42 (Komdeur 1992)
Bk A A R R HE + (Pruett-Jones & Lewis 1990) - & 3 5B 38 4
THREEZIE  AEGHAEFELFERGF 5 - ERETAE B EEAERA
RSB FE R w B Ty 877 (direct fitness ) 2 % 32 18 77 & (inclusive
fitness ) (Hamilton 1964 ) » &7 G 42 i 4 shey B 88 52 L A M4 M5 > B
%308, % Be( incest avoidance )» £ % & 2 BB 7 E i E F b E %49 A &(Koenig

etal. 1998) - LA G 38¥ & (Merops bullockoides) 28] > F Xt 74k 2 0% 3L 555 84



REMGTREZTF AR FHORAT FHILE FHET 05 EM4ER
#Z (Emlen 1991) - £ERMERAAR T LERT FARBEAANEH % A
I EEA RSN BEER RSN REERELEIT FERER
B 56 &I (Lessellseral 1994) - FE bR EF B A FZ B FEE
¥ g (Manorina melanophrys) ~ hu &51%% ( Nesomimus parvulus) 2\ R & 48

L 48 ( Corcorax melanorhamphos ) ( Clarke 1984; Curry 1988; Heinsohn 1991 ) -

4. WhBH A RAEIT RO RA

BT RAEIME S5 20947 A (Ketterson & Nolan 1994;Gowaty 1996) - #, &
AR TF R IRAR T » o0 AR B IO B2 W 3 B AT 78 R R AR D R AR 8
TR BRI A RIS B et TR F Y F
B 40 3t (Pettifor ef al. 1988 ) 4oz 5 ) (Meroés bulocki) ®1FF %35 % > ¥ F
%é%%ﬁé%%ﬁ%%’%%%%%aﬁw@’ﬁﬁﬁﬁ&%ﬁﬁm%%&ﬁ
% (Crick & Fry 1986) - f£ G% %é’mﬁi ﬂl",%?fiﬁzﬁgiﬁii/bﬂ% HFwAE

o T

| ‘
ok oA S T FiRE )&,)@%} ( Heinsohn & Cockburn 1994 ) = 32 & %) #
‘ I ) !

% % (primary helper) A Bl %4t § 81 i F 5,778 5 ( Reyer 1980) -

5. ERGEREARZIAEBEHUART FHHA S
MESTAMBMBE ZEE > BRMSBERBTT TRALBXIHMARA—EELA
MGH  £omRP B A FARA B AEZ » JF KM BRI S AF £ AR AR T A%
4% #) % (Reyer 1980; Heinsohn 1991; Bernasconi & Strassmann 1999; Vehrencamp &
Quinn 2004; Yuan et al. 2004 ) = & F3RM B AR ERGM - F Fo9 A A B
(direct benefit) THEMMHEZ LR EZNA L » AR B RUT BIRIBIN R
Bt (extra pair copulation) # & ~ A H & HARRAN - £F A RBILEEN

#& By (experience acquisition) & /&~ B & st /) (honest signal ) i M{# B AT &



HoH A TEEAZBRASMMEH %S (Cockburn 1998) - f£15H £

( Campylorhynchus nuchalis) ¥ > B Bk BN > 8 FHEF ¢ -THIXER
(Piper & Slater 1993 ) « #2382 &4 ( Ceryle rudis) @955 F RIE R B8 ™ 5 &
ROF ZRBIERE  ARAF R RRARETHEH > REF ey ERGHEE
BT G ARG ST 09488 (Reyer 1980) c £ @i i85  » GBI IAM4R
FRMBRZ > ZHRAERROLRREERES (ws) RbF FE8BF 8

TN
29 & £ 435 (Heinsohn 1991) -

BB T AR AT A B AR B S F P el ML B A5 o T R A1 Ak S RF
RECEREE S LLERES Al £l S el LR SRR
%m%@%&%%&kﬁﬁ%@’&%%@%%ﬂéﬁéﬁoé%%ﬂ%ﬁzm
o B 46 1h B A 78 Y B 1B TTRE EREL %%@E@@ﬂﬁiﬁ o % 78 37 A T #E
Wehi g £ (Boland 2004 ) » ¢ Pﬁ}iﬁ EI} % h:éﬁ% (Heinsohn & Cockburn

1994) > %h 9% 1% A % SLARR AL i qyalcqcia efal 2006) - 5 %R 8 + -
ZHBEREILNRTE B S %ii% xil?k $ ( ),Jl mETF;]) (Maede et al. 2010) »
R bk 7 ARE R R 94X E g&nﬁﬁa:ﬁ_%a ﬁa"%%f%ﬁﬁéﬁ‘% RIS BB RIRE
B Loy e s R B A B B X & (Jamieson & Graig 1987; Jamieson 1989; Du

Plessis 1991; Ligon & Stacey 1989, 1991 ) »

6. ¥F+WBBRITHOMEZETERL

Hatchwell (1999) #%# B a4 4] 2 A B & ¥ ¢ 42 (benefit and cost curve ) 4
hBEERR (B—) HfAFTFHBar  RAEARRRET LUy - iy
FRRNFNBE S A nsh BEERFURBI R ERE ERALHMIRF-E 4
B ERER A PR H FHBEA  RERACHFRANERERE
SLBF ) F R A et (additive) > F FTE4h B EE LA Broh B AR



R A B ERRARZAMRT A LR B RBAE R e R BRI
Fo eIk E FEMA 0 ¥ F SR LA M (compensatory ) 0 pLEF4 B B
$RERGHERS DAL EEFRIBTUG LTS - bR Al
¥ 1%, (Merops bulocki) ~ G %8% 5, ~ % & k% (Porphyrio martinica) A RARAE %
( Sitta pygmaea) W9Ht %+ 3% 43 3% 87 (Dyer 1983; Crick & Fry 1986; Sydeman et
al. 1988; Hunter 1985, 1987; Emlen 1991 ) -
AmAFAKRRNEEZRARAGE FHABRBEARERET THRY
HIEE @R 0 AER B (Dacelo novaguineae) %15 > 4h & £ B E & HUEK
X FiHpRehk RERBRERERE  HEATLH FhAZT  Hiy
W LR AR E o PN L5436 (Calocitta formosa)
(Innes & Johnston 1996; Langen & Veiirence;'rﬁp 1998; Legge 2000 Yo R RAER 4 B
%@Hﬁﬁ%t%%%ﬁ%&%%ﬁ%%iﬁ&ﬁ%@&%&%%%%%°
st Carranza % (2008 ) =% %’%i‘:ﬂ'ﬁkﬂé‘ PR 2 T SR Bt
ﬁ%%@ﬁ’xﬂﬁﬂ%éﬁ%ﬁmﬂ%%%%%ﬁﬁ$@%%@’%é&%ﬁ
i%?%?%%ﬁ%ﬁ@ﬁ@A%ﬁv;%%%%ﬁ%ﬁw%%%@ﬁﬁ%%%
o ERKECR AL - 0 P H R BT BLA, (B = ) 0 A ARARA 4 0 71 5 50
R EE2FFHHELT 3 EMBERRBEEANE —EBNER B

##]% (netbenefit) 9B H X32H b B W (x)=k[l—e 07 =l —1] 5 &8
BEBFANE 2R LN BMAXEE RS EEA A HE XA S A

Wo=—cle" ~1] » B & RAZ 8 kA3 BB AT 4] 25 B B n SR % BAASY fo W e A

TR FH LR TA BB RN LRME LR AR Bl RAEF R &R R eyt
HAFH R RAYBEE BT - 28 o LB EA LSBT BARGEE  af
AR R B AS PR 4R o S ox, RO B SRIEBIFIEAA BT AN B R E
B BPRBENEABAYNG  EVA—CHRBEFLAMNHOREE - S8 c
7 B 1 wh 47 64 14 3 (proportionality constant ) o 28t b k™% & & £ th g ey I3 42
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oM P BB EA B R BB My RIBAEAZE 0 TR ENRERET EH L
2% (abekx,) 2Maith £aTFOELT REORERTEA

—fan, H (D) © B A B A2l B2

xopt
ReB AW =k[1-em [=c[e" -1] - 24 p RH FbA ) RIAL

LY AT TR Bl BRI EAARGBREE > S rEAN 1 A7+
AEHKAETBAEAEGRBE EEANNO0E I ZMETE FRERAER
BB M THAY IR RAR T SR FHRART EXM

e Ln(t " L
MR B, =x, O m g ERE A Ln)-ap - £ EE R

a+b
I 0 BIETHL B R R RED SN 0RLE M iR ik % -
%é%%m%%%%%%ﬁbﬁﬁ&%%%@ﬁ%ﬁw%ABmwMEWm

uey;ﬁkéﬂ)ﬁﬁ&%ﬁ%’Wﬁ%%%%ﬁﬁﬁ%%% i % o Bl 4
X | ~ |

CEREIL T PRI %5%ﬁ%%m FILURY F R0 60

$RTHF 4 p AATEESRR '4%%%%%k$6mwmm>%%ﬁﬁ

F

B BPETAIA Ln(t)-ap EATH %é&@‘t&fé 44,17 «?i . 4?%‘4133 (Carranza et al. 2008 ) #
ERBUR G RHBIENE ﬂé/\%ﬁi’&{é : ?ﬁﬁdéﬁs%% HREGRIBRRE -
AR R bR B AR LA F 2 (sibling competition) 48 % B & » JLAABLF M
B B A] 5t 7T A CARARME » TR BP AL B *T S8 AT 35 04 35 I B 3% Ao 1@ B R
$oORBATFHRAEAT ERIBREFE B4 T RO ERFREMRR
49 % 74 s zh % (Heinsohn 2004 ) -

1. FREDIE

Foz¥ % (Merops philippinus) % 2# R 26 ¥ k2 — > 58 LRk
¢ B ( Coraciiformes )¥: j& #H( Meropidae ) ¥ j&, J& ( Merops ) % — 2% # 7 ( colonial
breeding) Bk BBHEMM BIE > RS MBELE - MANE - PRUKZE

7



EEEW > BFZAZHNAE PR (Fry & Fry 1992; 2w 1999; R&#
2004 ) 3 H— k& — #41] (socially monogamous ) H 24 fic # 4k BEHE IR A 4 7 »
AT AR A FE LR AR SF R S B ha B K 0 2000 547 &4 A A ELf5] & 10.5% » 2001 5
# T7% » 2002 4 % 21.6% » 2004 £ X[ % 9.3% (Burt 2002;E /1 F 2003; 7T
¥ 2004 ) -

NEBREFEBREABEUARMY BT ARE - ENAECL N RS
Ak Bk P =R (streamer ) (Fry 1984) o 123 38 5 4 3t 3 3k B 82 &2
BE > P Rk LA LA B K (Siefferman er al. 2007) - F] K 43k,
OB MEAEFREAERIMIZERT M RIFEBIEAD X Z XM
Fﬁﬁ%’isfcé%ﬁ%ﬁé@iﬁ%Lﬁ\@"Ei%é@iﬁff"‘ SR MK AR B B HFE (A
R 1990) & m 2 #MF‘ié’J oy %H:,*E-{%Ew FKAE -~ ZARMH T AR Y
W E T E (1671520050 Tf & R%*’E 2006)

1 SR o A *‘“aa%é #Pfgéx R EBRLAAE
1S ¥ R BAT A © ££ 5 &k%%$ *;;%$%&i&ﬁ§zl% P dE ey F
3 by Bk T A AE (imi’j 20054 Fudn et al. zﬁ()é Yian ¢f al. unpubl. data ) B4
AERHHFRAL F 91‘*[‘1\)&’4%« %%ﬁlﬂ\ﬁ BEFHEIZOHBELNES
% g% (Fry et al. 1992;F 77 9= 2003 )= e st - 4 7408 60 37 5 4 7 4550 A

Bz & F M Gsite fidelity ) AT — 2 X AR B SO ERAOHE L —F 8
BRI AE (A 2007) -



$o%

REERIETFUHRBABRY EFHIBE

2

Ry

o}

SEAEG BRI R B 3% H TR AHBH2 Bl L FEHEE
) $F R B AR (Brown 1987; Stacey & Koenig 1990) o &-4F £ 78 T 1k 5 % 78
RBEREURBFNRBORGHGRE)  $RAFA—HRBEES AT AN %
HiREERR LS > AT F4 (helper at the nest) » FHAA K 5 £ ENF FH2 5
R 782 BENRE S BA M%K% (Brown 1987) ¥ AR —HRESHTH
B o RIER MEAZ B 0 AR A R = R (Joint nesting ) BERR R £ R AR E
$.4 M1 (Vehrencamp 2000:Yuan ciet 206’4)

ﬁafryEl%‘%?éﬁi;ﬁﬂa%*méﬁ/ﬁw\ﬁiﬁ (Hamllton 1964) > dm#r 2 85
oo B AR R R ELAG 0 T — EM.‘VE%U%E %*‘%Pq B AR R R TR ZFE
(benefit & cost) W - 24 M1+ e oy flbnag i © (3% F 8
QRHFRBE Q)Miz g ELé’J%?)Z“ q;-ﬁﬁaa‘mmﬁ/%ﬁ%émﬁikéﬁ%‘ﬁ#&@
(Heinsohn 2004 ) ; 48 %} 4 ?&ﬁi‘*r')ls/ﬁr?afy: é‘]ﬂ?ﬂa Tede s OFES 3 30
HZAKRN LR 3% k46 ip 7 & (Bmlen 1982, 1984; Brown 1987) « # % ¥
T RIRAVE AR A TR - () Ao g i85 2 (inclusive fitness ) Bp 3
FHRREERGEME QBBREGEARS B EABRRA AN (payment of
rent) Q)MBRIBMAKET DEBRRAABSE O)VEFLAKE ORZMMHE
B B AL FE % (Cockburn 1998 ) 5 i T A4 a9 R AB R @ (1) A FEARILYE £
QFFERTHEERKRREAML G AR (Clutton-Brock 1991; Ketterson & Nolan
1994) -

T ARBE P A% B Pl 09 ML B 15 A AR E T T AR AT A B 0y B 42 o FERLAK B A4 1E
Bame B ¥ F XS HFEBEA S (direct benefit) » 4o B4F X Btk & 5 B 2



48 % 3 3% Ao (group augmentation) & M 3% %4E% 5 E (Cockburn 1998; Dickinson
& Hatchwell 2004) ; 3 5 F 818, & B R &M% > Al TTRE R A @ F oA R EH 5

(indirect benefit) » fl4v H 33 i B oy B R FRE > RAREBRE BEMRD
HEGEF EmMROGMEAROEAKES U ERMEIABTRSE FHoENE
#2 B (Brown 1978; Crick 1992; Heinsohn 2004 ) -

HHEFFREGAAWE > S AR E ELMRITA (Jamieson & Graig
1987; Jamieson 1989; Du Plessis 1991; Ligon & Stacey 1989, 1991) » g3 % [5] 448
2 FHGHB A BYFHBTRRNE HBIEB L HRE R W H AT
THEWH B B 5 £ (Boland 2004 ) - 4799 #4 Bl ¥+ & (Heinsohn & Cockburn
1994 ) ﬂb%&ﬁﬁiﬁ&E'J?;**Eﬁ%éf‘%/é?&%i%i%i(Valencia etal 2006 ) f£ 35 4LIA B F

EHBBABHREE AM A EAHT R/ el 8514 ) (Maede er al. 2010) »

B EBAFHEEF & T’Té%%ﬁb %ﬁﬁﬁ‘%$ %ﬂ 7 libe/\Tﬁ?’r% FhoNE
GHAREEARETZHE ] f%’g:jz% %ﬁﬁi%—f&t/? GECEER Y S
B4 14 8 %o%%%tﬁ@Ti‘%%%!? b oty BT W B HALR
M RAEYETF e BRX k& wﬁ%ﬁ,[ﬂ%tb@%@% BEY FARRR
% b 3%Ae KRG (Emlen & Wiege 1991) ‘ !

Hatchwell (1999)4X 4% st 3% 25 SABH B 89 F) 25 $1 & 4% o 42 (benefit & cost
curve)  REMBR LT MASLBREZNEX - EHHNEEZRTCERE AN
BRoBRBOFZHRRNBEEBEBRRGBE LHFRERGRIBERE
AR FLOABRTHEY B LN BRAMRSELEE S4B EZLERZTARD
R HEALR B 4o R R 0 SLBERR B o9 ) B h 4 SARVIARME > IRANIRIL R A Ry
ek B FLABRZIE BB SR BRRE (Woofenden & Fitzpatrick 1990;
Emlen & Wrege 1991; Hatchwell & Russell 1996)

TR FAMRE LY ARKA 2% E (Heinsohn 2004 ) - H sLi 5 89
RIEREZET FEEGBIE -
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a. FHF5H CHREEARARVBRREFE > HERBFLLEME R
W e IR A MM (additive) -

b. ¥ FHHAL  RERIBRARE > B ra ¥ FHL ABALLESL
# 18 (compensatory ) » dLBFHL B 7T At B k42 & £ MR % 7775 £ (Hatchwell
1999) -

BB AREFAEAT B2 E BT R AA & (Carranza ef al. 2008) « & &b B 69 &L
8% KL S TREHR BIXE o ZRE(De Lope & Moller 1993; Soler et al. 2001; De
Neve & Soler 2002; Moreno & Osorno 2003; Moreno et al. 2004 ) ; 44 & b9 53k 44

BREURBESTORTARLA GER &I E (Bruce 1960; Haig 1990;

Hakkarainen & Korpim ki 1994 )¢ [5 Ef*y . %?,‘ FHRKET — B RARE > £7T

e ERBARAMT X kmﬁﬁ%ﬁ%%ﬂ HWRA REBE R G eH]

oA RS %ﬂ@ﬁ— g "?J'?E EJ ‘TJT‘ ﬂ fﬁfﬁ ¥ﬁ, B RRE L ayR g

k]
I

. \
|

( Carranza et al. 2008 ) - Y o' "

| T | |

f 2R 26 IEE T ) BA ﬁ“;lg:/'\’ﬁ"#iiﬁiﬁ"ii%ﬂmé@m‘% (Crick &
Fry 1986; Lessells 1990; Emlen & regeqlg()l Jdmes 1991; Lessells et al. 1994; Burt
2002; Boland 2004 ) » H 4 = ﬁ el W %%Eéf‘%& BT EANNIE > GE%RE
u&ﬁ@ﬁﬁ%%%ﬁ&%WMﬁ»&Wﬁﬁwﬁﬁﬁ&%ﬁéﬁﬁ%ﬁahw
& Fry 1986; Lessells 1990; Emlen & Wrege 1991 ) - i (&9 % PR 2| 2 F1 8 £
o3 B A AF A AT A AR A ECH IR AR G4 AR A 0 P A S ] 4 8 08 B K> 2000
FATAAE AL A 10.5% > 2001 F 24 77% > 2002 F 24 21.6% > 2004 F X% 4
9.3% (£ A1-F 2003, 0¥ 2004) 0 2 F 5 k4T AT B BATEAF R 5 F
BRI AR R A R BB ME X B AR R B BRAYARIREAT B 7T AE AR A APT Y
AR T ZFARRAN —REABRMEEE (B BT HTEARS S E HARN)
(Rowley 1965; Rowley & Russell 1990; Stacey & Ligon 1987 ) -

B AR 6 B 69 AR
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BRI FRARRTAY  HRBE A NBELM it RAHEE AL TRRZ
JR B e

. FERAENBEHEARERE MK (Carranza et al. 2008 ) EH - TR T
REnE FhRALBRRRYZY -

CBIARERBATFRARERNER  ARANR FERLEE FALE  RA K
B BERUAR LN G -

. BRI FMBI B BT TR R &M -

12



1. AREKE

AFREN 2008 £ 4P BEST - 2P Bd 12K Buas  LEEY
15045 FH A2 dRABEERGERINENRNER » FIAME A RE 188
FE24-28 4y > 24 2T 5y o AFIBN A RFLAME > LRESA > FT
MBEYE209°C FFUREL 10494 NE  BHESETYAWAZAA -
HFamb e TH S ARBAGHER SR8 - EAR BB ~ERAER K
E AR B B R R AR R B Bk g TR s B AR (3R E - REE

2002) - A

éﬂékyﬁﬁﬁﬁi+%ﬁ% IS %%%6ﬁ@¥W§$’ﬂk£$%

R B AR i T ek BT A (B

Fa

:‘l.
(). @ kB (TP) |L#;' |
J | ¢

=k A R A B A 1B 60 B R R

1
|

EBRA AEKE B LABJIWT?L 33)53«@’3']‘%%7]‘% A RIERAKE F — R
R%m%iﬁ(ﬂﬂ)ﬁéﬂmﬁt

2).% 4B 3 (YF)

FEREEAAEHRAEERN S ERER L AERERT A $ 3K
HROSTEHN S KR EH ERUREHF IR AR REREBF KA
KA E (YFE ~ YFL) #k AH R4 E -

2. X
BN REE R A ARG RER BA B LR AR HEH A% @ (Wang et

al. 2009) H b= B b A (@ AL AT EMAFE » A AIE LU RBEFHEAT
13



ZAEEREERBHEBHE - REARAIREY YA Bk ok FkLs
DREEEEEH A A ER (Wang et al 2009 ) -

3. Bk
(1)- %1
BTRY FHEAR@ RS REL  HB%ECE WP L 75K - 0
PEAR > R B ENA R R BB R R 0 @R M F R E RS
AFRCELRANAYG AR BEBYEGHERE %R RH B R G R Bp L
ZIRB L OEBI - A BER TG AN BB EN LA —BE AT
A IR E109.024.8om (r=126)0 B E AR RLem > K 4 15em> A # 19em
(£ 4F 2003) > %iB FR%%#&%ﬂmw e E > BEBEME
TAMREE B TIEH @Tﬁﬁf@kﬁbﬂ%%%ﬁ&%ﬁmﬁ%ﬁmiﬁ
4 B AR B E lmr%ﬁﬁﬁgﬁ%% LIS BETELE R

J-r

A AR o0 0 124 s B 2 LW%%%%@%@%A%wazs

-.r-'

w%wﬂﬁ%izn@é%é% ﬁ%% #%ﬁﬁ%%“%ﬂam%h &3] &
ik H5k Q%i% %m% ?#%m%uﬁﬁﬁ RIE i

0 BhA A B WA BB G 57 > dh Ay i e A% A7 7% 250 #4989 Queen's
lysis 4%77#%& (Seutin et al. 1991) 2 99%:BE4% + it E#20°C k% + - BT B4
FEABUE BEPRCERMEE A5 NN ARELEEUAEFEEEBR=

1838 &, 6y 4 %% > LA B IRAT BB -

(2). B R £ 58 AR

BEAYTaO¥REANEABARE  ERAEOKRAFBEE  d—XH 15
N REW B Rk ATRRE LS PREEAR LED AR > AR EHUR
Tibwny LR P DV BR > BERRA—BBETERANGARER > AT

14



BERBEL > BMELRTFHALE 304 (Boland & Phillips 2004) » 47 22.8%
TAPE - ENFE - EMILD - MBS ERUARY EELD - B RERYE
BEZEABADE LR (E4F 2003) /v LEFSNR HERE 24 Bk R ol
R LR FET S BT RNBER - RFRBENSHEMCEZEHELHFT 2024 R >
B4 B HAAE 20 REMRD HRENY EEHKD (brood reduction) &3, %
(Boland 2004) » #773% £ 20 X #44h BRITAR B mohik £ (£ T3y 2006) -
HRORMEEZRRRER ERHERBABRYEN ThHEZHERBEAKN
RIZE - ERBFLERLFANEZETRVELEG TRY  RAIRAEESRERY
B R ERNERMAN EAAGRIMFHERE LN E AL ERY
Ko B EEA RAET AR e AL W LHIEE LR T EEREBR (2) 45
A A - R (1) B A BB R S B P R
R% 0 B EARIE UK 415 ﬁﬁﬁ%+ %ﬁémﬁa‘}!‘"% %E&%"“*é’) M (Fry 1984) ;
K mARIEE T3 (2006) W55 R ﬂfﬁ%@%‘ﬁlz“ﬁ G HEaER RR - B L R
i3 0B K B A B 20 R0 4 &ﬁgfy%&ﬂﬁ/ﬁ: ( Coulter 2003 ) -

’ if&aﬁ?ﬂh&éﬁ%é{;fg a‘%%r [ tHHLEJZT.}ﬁﬁ%; (1) whBEEiE  2RA
ﬁiiﬁ%&ﬁzﬁ.%ii/?ﬁ?ﬁzbi%ii’r‘?‘-@)éﬁ%%&#ﬁ EF AR BR KB B
%%%(ii%2%®;@%%%é%miﬁ’E%%%f%%%%ﬁiﬁﬁ
— Y BBERZ R -

() AT HEWE ~ RER & F &bk

BANF A% KRB 20-60x B EAE R 8x Y ¥ RAERITIT BB
R ATABREZHERFINCEALERERBHOER > — 28 R PR B R
B BN SRR RS SEAEAE F - N RS R RN ES
Ee ik B bl @ o R BB N BR 0 BB BRYE 10 asRE (T
E2) Y F (RLER) ERERERY > BESEw—REMNR N SR
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0600-0800 ~ 0800-1000 1A & 1600-1800 =1BB5£% > HA8 2 L HIg A Z L& 55 E
e —RAXUWBREETEAREYSENLRRKFEHEINIRERKALATFTD 32
BEARENEMIHRAE 2008 F > L30E IBEAFF 12888 F -

4. MAHBRMKEL
HEAEFH8MEE > £27T R EMET ) FTAMRGAMAER > & 818
2P ASENEMRE 2008 F > Her3 £ 45k 4 2004 ~ 2005 & 2006 F - M
742 & 7 #) B Yeastern biotech Genomic DNA Extraction Kits #¢ /& ¥ % B i
Genomic DNA ( Gemmell & Akiyama 1996 ) #:Ex 3 CHD X B - sgM {88 2 &k
& 2 Rk B T AR A8 R 2 Sk R AR Griffith er al. 1998) - CHD h £
& 2550F 2 & 2718R 3] F ( Fridolfison & Ellearen1999) 47 % &8 4 1 44 RIE
polymerase chain reaction .GPCRY) 7% %! j'zﬁi)&_gﬁ(—'ﬁzd KB R RGRENRIE
BB AR R R 4E 04" C 1"%;‘%%5_3@ (1 9471C30 Fhey 2 > 60 £r4i ey
47.9°C L R 30 #hay 12°C ~5efh ﬁ@frﬁf%é@ '7?“(:?;5@ cREBTEHRIET
PR Euy 2T 4 2.0 B e fmgq};i%’lﬁi& i‘]lﬁ%ﬁ@%ﬁﬁl °
MG n# PR T 8 %’ﬂ'fiﬁil‘iﬁﬁfiﬁﬁ (.':ﬁolymorphic microsatellite loci )

(%) 5% %A MORI10 ~ MORI12"~ MORIS » BE19.2 ~ BE2.31 &A% BE3.9

( Dasmahapatra ef al. 2004 ) - PCR 48 & JE 82 #& & + 4% 5 > .4 10ng &) genomic
DNA ~ 0.4U Tag DNA (Amersham ) ~ 5% 3] F ¥ o4 — 1% 5’38 A 2 R L H2 0
(FAM~HEX-TARMA )o R JE &4+ R 3% & e B o449 94°C o 3% & 30 18 94°C 60
FEEER 0 60 #08) S8°C AR B key 72°C > th e+ 4w 2°C T RA& °
PCR &y # #4& Applied Biotechnologies (ABI ))3100XL & &) & -1k 4T 52 & ok
{# A Genetic Profiler 2.0 #k#% £ 47 F 8 54 - A A Cervus 3.0 £2 X F EHR R
e 8 H (Marshall er al. 1998) > E 8 B 8 -FRA A28 — B R G E6a9 K B &

(locus) » ZM B GHIR B EOME > £ — MR & (first parent) HEfxF 2

16



0.965 » % =fu#. & (second parent) HEf & % 0.995 o
B TR F BB ey B 448 143 (relatedness coefficient ) - #1¢ A

SPAGEDi (Hardy & Vekeman 2002 ) #k 3% 3t 5 7 A 5] 1 A, & 4% 2 R 69 #4548 Bl
HEO BABBFENERE R RGN GERZ PHETR AT §HRBFRAR
PL FRATERERS  ERESEGRE M ARAEELREHR - &
B RS 2 R 6 LK BR A Lb ok AR 0y P39 E R 0 ABE A IE S 5 REMR X R R &
Bt bk B0 P39 A 3% o ABE A A (Queller & Goodnight 1989) 3 At
7] — B P91 18 % 2 20 o 40 448 B 45 3R B BRE B R BE R Y o

5. BREBRERAERTEAERX (Carranza et al. 2008)
EEFSFHOEALT &8 %i?ﬁ#x'“ = kﬁ"ﬁ Ba A8 B FAH (net
benefit) &y 82 & X 3235 ,P_)% W(x)_, k[ g (F— )] c[ebY ~1];zBEZEEZTXR

%ﬁ’ﬁﬁiﬂiﬁxﬁ%&%%%fﬁﬂﬁw AHERERW =—c[-1]

B 90, A2 8. 751 52 fo] xﬁkﬁ%ﬁ@%%ﬁ%%%@%»%ﬁk%
FAl5 @ﬁmﬁﬁﬁ@.@mmaéﬁﬁ %ﬁﬁ@&k%ﬁﬂﬁ%ﬁ%%i%
AR - S a YRS B AR T AR A B
W o 2¥x,, RTBEKEF AN SPLBAMA G R EE PR EEAL
ABIITE B0 — o G UE A AL T B o S c R A 1A th R4 Rl
(proportionality constant)» % $t b # 7% % & # th 469 54 2 7E - 35 LA & e
FAN BB BBy RBEZE o TR RERETEALE L (a b ¢

kox, )2zt - A8F FHERLT HENREREES

xopt = ﬁ[axmin + Ln(lcc_Z)] ;i% ;'%‘ —3:— é/:’ )‘i}% %)’E 3&% —i’fﬁ %/% é} —i/?’ﬂ ﬁ%ﬁ

ReHBW =ka[l-e 0 e[ 1] St p RH F EmEDTBAA -
SHIRFFEA AT B BRI HEABHAREE > § AR AT+
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AEH KRBT BAEAAEGRE T ENMNNOE I ZMEAEFY FREBARER
BILE XM TIHAS FEHRAENRER T ZLET FRHORMER T EZM

” sy L = 25
R A X, :x(,pt"'% F o REHTABERSE Lnt)-ap > ZZERX

F ORI R TR B GR D BRRE 0 F AN 0 AR BERE
EapaEinEiy B () ARREEREFE (x) A Bertalanffy-type
(e y=f(l-e™)) #ATRBAS » TRAELH) HEHAR BRRBF Y]
HGHEX AARBEX TR ol BEATFROVNEBREZRULT FEOYE
BRETH A pARESEFTESELY Faa % (visithour) #y-F3414 -
R BP T AR Ln(t)-ap BATH B RIE G TERL

6. ittt , |
E%i%@@%@ﬁ%@‘$%@ﬂ&|@%%ﬂ 18 5% & 5 2040 R

i

AR lkﬁiaﬂﬁ*mﬁtﬁphﬁéimﬁiﬁ$ﬁ HAE A SR
l;‘
$%Kﬁi%&%%@ £ %% A GLIMMIX

o]

Fa b A% X, (GLIMMIX ) 4 4% 1] %
R R BN AR 10 56 ;q‘-{. zéw@*:i@ ﬁ%ﬁx#£éﬁ RRABBE B BERS
4% B F (random factor ) » 44 05 % 40 8 34 B M ot B 3% 4 Bl % B 3 (fixed
factor ) » 3K F &35 F & (0600-0800 ~ 0800-1000 ~ 1600-1800) ~ ¥ F & & -
A (BXR " BIELE -RmR)-Ye5e (DANYRER > HE A% 2@
FNPMEL > BA2ERAREREN) RARNY HH - B9 2B
%45 %42 (stepwise selection ) -

DHEEFH -HEBFEENRE - EBEREURY BHEFBREEA LR
AEFEALT FLOERAAARLIO E2HHLBUAT T L -£FF L

B (AEFvs A F) BMREFEFELH AR ttest > ZRFEF
#E 4% Bl 3% A Mann-Whitney U test

AL A - BEFRENMAF D REERSEFABEURBRSANE  ®E
18



BN FRHOEAM BRER S —RILE AV BELGKLSRE - H5k

MIRE &~ Bk ERKRRR T HRENK AR Siefferman er al.(2007) > 2> ~ #

RENHE - MRAFRARRBAKZABE 2R SERTLETHBTILR
P W 45t AT 4R A SA T $ #47 ¢ SAS 9.1 ~ SPSS 15.0 14 & Microsoft

Office Excel -
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. £~ &8+ MR
()R8 A4 78 % 3,

F£ 2008 FERBLE G 30 B LM A 18 18 R ASE AT (60%) 0 48k 8 R
318 B4 BT H 23 ER L 64 IR 1 RBANRAN > LAY R
BMANET AN BEBEZRBRAGALERAN 3B £ P HEER
£%080%0.03~ P4 HABRF R 02010.03 ~ P44 HMEFE A
0.003+0.003 > R AFA KM B TEF A BUNARBIBRMER 2% HAUEK3]
A o !

BB & 08 41 B I R e R LR 4 B R R 1 e
o L %%éﬁﬂ%‘éwﬁ%fﬁ éﬂﬁiéﬁtbixu (FEFvs 87 F) %
Tz mMAREERH (1 94+j *221-¢S£i"75+022 1) 4B RN R R

(27.06+0.83 vs 28.58+0.90 ;T:)" %ﬁ&%#l(o 87+0.05 vs 0.86£0.06) &
Y gt R % (0.13£0.05, VsO.l TO'Og; !%ﬁﬁ*r}é»ﬁgiztbﬁxi’]ﬁﬁﬁ%‘éﬁ-

( Mann-Whitney U test test p>0 05) (z*z = )

QR &HE
WL SRE MBEFTRARENK  BRTRARNKFSFESHEA
ttest b - AARZMERABBEHI Y - AR FRE Y FRELNE
(39.67+0.54 vs 39.46+ 0.64 g) ~ A3 F & (14.33+£022vs 15.08+ 1.13 mm)~ &

R K (88.97+0.66 vs 89.46+0.78 mm )% tb #5349 & A8 % £ £ (Mann-Whitney U test,

p>0.05> (%L) °
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(23 (e F) BakE
PELTBRAREGHE T A& (F=43.00,p<0.0001) « X & (F=8.25,
p=0.0003) SR %h &4 4 (F=5.66,p=0.0176) (£ =)«
RIS E MR Fi#iTEE (Scheffe's) mMmtbix - AFRRFF@AA
0600-0800 7 1600-1800 = 14 % Ba% £ £ (p=0.9328) » X1 0800-1000 %5 b
RRERS (W)  ARABRF @ RABRABHFSTAHBELE
(p=0.3582) AUMRGBERERK (BZ)  #hHFLy @Al X NHMAEHL

BESHAWHBM BN (p=0.0176) (Bx)-

QB EERRE .
%3%5’%% l%ﬁg@iﬁ%%%%lj%%%%ﬁ <F=602,p:()0144> N H%:"F)ri

(F=32.51, p<0.0001 )s KA ( B=TTL, p=0.0009 Y PUR, 4k 42 (F=9.58, p=0.0020 )

\ j |

() Nz |
#F."" l
BEMEYEOETAES ool | T AL 6 AY FaRER

T

@i$%%%%%?%%%5QHWMM(%t%ﬁ%&E%ﬁ@’Rﬁ
0600-0800 & 1600-1800 &4 %4 2 ( pf0.8§‘§4) » X 0800-1000 49, & 42 £
BEERH (BA)- Eiﬁl%ﬁ@" RAEBERAEE S EAABEELE
(p=0.4450) > XM RGBRBRERIA (BHL) - 1 BF Ly @A & T %%

Ra % S NP M%EAT (p=0.0020) (E+) -

Q)F Ferar s

ERETIFRRRFORA R @ AANAH L 2 A BERE(F=16.59,
p<0.0001) - £RXRARFF @ > BREAELLARMRGEHN (LRH=18 6 L&
B > i i@ i X B GLIMMIX 48 M @kt » S BERRZ R FHY F

BAERFEHPE -
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BB F#ATEIFERREE > R A 0600-0800 3 1600-1800 = [il /2 A #8 %

£ (p=0.7849) X 1% 0800-1000 ¥ F ek &% (B+—)-

3. BERARRRERN
## 30 18 869 B 4L 7 #H & A Bertalanffy-type (ie. ¥ =/ (1—€ ) wapie
A B 43 8) a=1.23+0.69 (visit/hour) ' > f=3.4040.28 £ 41 & (mean+ S.E.);
WIEH F oy T meik £43 p=0381 (visithour); A ¥ F L P EELER
AT F RO BBELETIF 099 - F L BEEANREAGER
Ln()-ap > TR %-1.01<0 > AR ELEH T FHHEAT ERIBRRE > ik
AR ER LS GLIMMIX 248 R &R - &

N RS RE LY S

| |
—
g i

'ﬁﬂ%i%é8ﬁiﬁzwﬁ"'ﬁbvgm%%aﬁwﬁ%ﬁ%@%ﬁ’
HFHR nn L 98 BNE

%&%{%ﬁ%%ﬁﬂﬁ@@a%%ﬁ%o
27%@%#R%@3%%ﬁ%§ﬁ&%ﬁ<%%3%@%HDNAmﬁxaﬁ@
%%ﬁ)wﬁﬁﬁm%ﬁﬁC&ﬁﬁﬂ%iﬁ%;%ﬁﬂﬁﬁﬁﬁ%%i?*ﬁ
MR EORAT AR EREYFA—CARE TR - R —EE1F LB

N 0 B PERIE R R AT R GAR B AU 0 B B s 0 BN E Y ] 69 B4 B 14
(r=-0.035+0.063 ) it k B8 % 7 2L E 8 (=—0.067+0.019 ) (Mann-whitney U
test,U: 741.50, p= 0.474) - 448 Ml 1A 301E A & 18 & T T8 84 2 3 448 B A2 1K
PRI ME - mE R R ARABRY (n=2) &FETHH -
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LEFHREELANE

REAREREAEBRALTRET FORBAERAB AR - HMAZIL
LYUREBBRERESBBELRL RAORGOBRBFANAHBEL LR Y
FHETTEREREBBREAE  RAHNDNEMTHBEENESRMER &
TR FEBREHREM T RN HEMEEE - B EBRRMEE K (Carranza et al.
2008) AR eI ERH AT FiHs R RRRE

REAERIEE FA BIIL B ATLIBARLE BIE T MM (trade-off) 2T >
G B & RA A 69K (Cartaniza ctal 2008) - Carranza ¥ (2008) 414
BYLHER BN B ﬂé#@%ﬁﬁﬁﬁ%%ﬂﬁ%%%?%ﬁﬁﬁ&ﬁ&ﬁ
RAl - MR AT FHEIFERE Eﬂiﬁx # )&,TL ?—ﬂiiﬁk i 5] Py AR R 0 R )
A 60 B RKEA R B ) 3 ﬁié#ﬁ&#ﬂ%ﬁhéﬁi N T EEE R
PP ATV S SETE e iﬂﬁw ¥E, bl st Y o R R

-.r-'

B2 URAEZASAE Zfﬁ mﬁlﬁiﬂ'*a‘iféé ‘(optlmal expenditure ) (Innes
|

& Johnston 1996; Langen & Vehrencamp 1998; Legge 2000; Valencia et al. 2006 ) %

1

TEREWER  FRBEE M AR TAZEA ARASRETREALT F L3RS
R VERRE R TRERERBEREE FHBRT FRRGTRE A TR
R#HBCRAHNAGT X PRI BREER  SHROATEIFRER BT RE LS
B > 1540 38 A tEiE R MR 5877 & (fitness ) (Ricklefs 1975; Woolfenden 1975;
Brown & Brown 1981 ) -

— M T EEFSIREARAGOE AN BRZAD BETFE LB
RO ELEREE ) BREGEETF AREAEHREE AN B D8

(Brown 1975) = B st Emlen & Wrege (1991) #R54) & £ £ L R ATHER &

EAEFHGRBATRRIE  SHREZRRALNMB RELAT FOFATAR
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ERVBRRE  UNARBIT AN BIRORBEGLY) TR HME > §HFR
HRWE > REER @RV BERE B ERLEY FRENH MR SZ
(Emlen & Wrege 1991); €4/ 6 X 2R R XA REEHE F L8B4 &
mERERE > URTEE (Pomatostomus temporalis) %15 » 3 & 6942 % &
e % BF 4 R B0y 38 hu i b 0 RUb FRAF R G R M ERT FHELM > RERK
b ey ityd § F# % (Brownetal 1978) -

Hatchwell (1999)4R 45 A E3RZERM GO A B R a5 REMERERER
RE TR ZNRAYNBEERAR T FTHRNEEF IS RME R B
FRIE  SLEFI B 6 F) B b 4R35 PR UIE Y o e B B B 5 e AR 69 R IR R A B
o FBABHEH LY ERREARNRE FFHARF R ERLORRAL
o BN F AU B b ) b £ B A MR A L E T bl R I
£ %%Ewi%ftéf‘%/é?&ﬁs%ﬁi% éiy% %ﬁ% ’ %%% éﬁ‘frdfédiaés?@ii#ﬁfﬁ HF

28 B o AL Jo

[ m=s | |

'W'I'.i_:"' l
FRTR A A R S A P A R e i B e R
o FR R 4P 8 RO IR %,

o T

i = ﬁ;é@ﬁFémé&(Hatchwell 1991)- 5 4
I L

-

I
R # Bihs) BRRIMEBEN R RS REET SRR SR ERE

-

18 % B B R~ AR SRR A B ROIRARGE & 34T (Lack 1968; Ricklefs 1968, 1983;
O’Connor 1984 ) 2k iy » % P B R B 89 B 48 » 4o 8k M R #& (Apus apus )(Koshimies
1948; Lack & Lack 1951) ~ £ % (Delichon urbica) (Bryant 1975) 24 B 4r 4 3
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2.5 FRM B BB %

HEBATALE > ARARERT FopBEmant BT - EF FALF—
ENBORTF2I RIAABENT FREE (2 8) XM RGBMGERIERA
B ENAM AR R RS RN FRAEEMGEERA B GBRRE TAR
G o KW BRNBITRGHEMGERITZABEBEZ 16% 2 KEH
BABEEGEHFT FE > TRBKRBATERGTREE Rt MNHRREFLA
Z RoRRE R AR A MAR A BN RS HRABT TEYR -

ARNARGHRERAR BATH R ARBHTHARAMREEETFEE
RNE ek EHFSBEFPHFERYE F AN RE (sex-biased) 2 M% » B %
AR E A B (male-biased) > 1 ARSI A i e 45 8 ('sex-biased dispersal ) #
B ( Emlen 1986; Heinsohn e al: 1990; Walter."s.199'('); Koenig & Walters 1999; Arnold
amamwoﬁ%&%ﬁ@ﬁk%@%ﬁ%ﬁﬂﬁ%jﬁﬁﬁ%%%ﬁ%ﬁﬁi
B¢ (incest avoidance ) m#5i& (Gre nwg__bd '1989 ) o AR B R A FE B BB AR A R

s |
WK P H NG S 093% (gsells & aiffl994) ¢

o T

PF F IR B e Rk Eﬂ%ﬂ“‘é}iﬁﬂ ¥ F iﬁ%%ﬁ?‘ﬁﬁﬁéﬁﬁ“”ﬁ%%ﬁ EE T
W SRR+ BRI A b SR8 fe s (IncluSive fitness ) T 4 & LA
45 ey £ B (Hamilton 1964; Leésells 1990; Emlen 1991 ) Rz %8 F¥ 1 g
FERGWM G RIERAE FoIABA B TR ERMEEGAE > Hlho @ 3Bt
X Bt (extra-pair paternity ) &9 & -~ 2§ &8 (experience acquisition) ~ &>~ B
% #E 71 (honest signal) ¥ % B & 4£ T 18 4 75 5 4 B4 ~ TR B A 84T 09 AR 3R B
M &9 (Cockburn 1998 ) » 7 R ot R BAR SR » B bk R 7T A 6y 3R
%o HRAF FRFGFR TR mBSIXEAET FHER RTEFRENE
Ak B By A2 T8 A 78 B30 BAS 0 A2 s R B AT & F AT B R e BRI T AE AR
%o o

27



3SHERBAYTRRARRYET

VERABRRENEIZATAETFAL HE - HEFLUARA M
AEFA RGN AN DHEHH B HNR AR FHBE - AFEEARA
W REHBRRETHRLILEDFTHAMPE  REURBTERY IR
(3B ~ 808 -MWEE) BEHEARYALAFRRATEBRFAY A7 5
B E B E X S E R (May 1985; Herrera 1990) - fmfe4h B F 42 & » R B 4
KRG ERNBBELRTEAE > EXAMMSEHRARENLE  RELAT
ERSOBMES B ANRBBNORAKRALE FEFRLELEREIREHA
##g (Xirouchakis 2007) - KR B4R P H R LR R BEE 4 B F &L

R B 4 o AR M i R BEBEE B S S Legge 2000)- B ( Gyps fulvus)
WP AL T A A mxfmy%ﬁﬁ%zh B % B A R
B~ KA E LRI R (XH‘OUChakls 2003 2005)

P RS T E T E“‘%‘ﬁ%ﬂxlﬂ%%%ﬁl%’Eﬂ%&ﬁ@é\ﬁé@ﬁ?
%ﬁﬂﬁ%ﬁ%%ﬁw(Mww$PMWﬂﬁm A AEFRIEEHEAY
R R 1 i B P R ML F%ﬂﬁﬁ#%ﬁ%%% HREGBE ik
REEFHBE 754%94&%%@?;#%% 548 I 4o o

28



&3

g

AARBAREEET FHRLNERAPELH M LY F X214
NGO BINREAEY FRERAGERGH G ¥ F R REBREAFHAZ
EHEBRURS G EE AR TRECERE LY FHANARLET TR
Py @Bl sk 2 AR T AR AR B RSN R AR RS TR R
BEEETH FISEBEAE S UM HAEY FTREFZAHS &
BOAET OB TARGER LI TR ENTEEAEZAFTATES T
RAFFHARRABRINRGERE ﬁ@aﬁ;a%, %%%ﬁgﬂ&%ﬁ%% BEEMAAF
%z@ﬁﬁ%&ﬁi%%&? ﬁ%#ﬁﬁ%%ﬁ%ﬁmi%m%

29



71 A XBR

E /1. 2003. &F1 8 R5%)8 (Merops philippinus) % %36 E4F R K H 4+ Hh$
PR RAEd X, B S KERINEH AT

F0H.2005. 2FIBRREREBAER T LA KRR oM AR, B
EEREHRNETRE LI

E 5. 2005. & F9 8 Rop¥e gk (Merops philippinus) 4 42348 F e SLAE b
BEMAX BALERX, BXEEREAREETREATRAT

o & RE4. 20060 2TIREERL LR A E GG BER. HKXNE
ZH.

EER.2000. Sk Sk AN F PR F).

B B 1990. B 74945 F- R##E NBE2REFLPIRE AR EELR.

RE%.2004. 2PIR B ELSEWE T RAEEEELHE. WKL LEES
PIB R B 32 R B0t o

FRE & REF.2002. £2PTAGE .~ L2 FWES AT RAL A BRI, 279

HENEEHEE.
F5x4A.2007. £FIB R NEHiEE ,ﬂjmaﬁ*ﬂé&mzﬁﬁﬁii«%& MR %
NEEER. e |

ko, 1999, 4 P B R0 éﬁa\ i, WmaanrEa.

$Mﬁ2m7Aﬂ%%#%ﬁi&w%ﬁ#?ﬁﬁﬁbﬁﬁz Z B

B 4% A A o e A ke B

Arnold, K. E., Griffith, S. C. & Goldizen, A.:W. 2001: Sex-biased hatching
sequences in the cooperatively breeding Noisy Miner. Journal of Avian
Biology, 32, 219-223.

Baglione, V., Canestrari, D., Marcos, J. M. & Ekman, J. 2003. Kin selection in
cooperative alliances of carrion crows. Science, 300, 1947-1949.

Bernasconi, G. & Strassmann, J. E. 1999. Cooperation among unrelated individuals:
the ant foundress case. Trends in Ecology & Evolution, 14, 477-482.

Boland, C. R. J. 2004. Breeding biology of rainbow bee-eaters (Merops ornatus): a
migratory, colonial, cooperative bird. Auk, 121, 811-823.

Boland, C. R. J. & Phillips, R. M. 2004. A small, lightweight and inexpensive
“burrowscope’’for viewing nest contents of burrow-nesting birds: Design and
assessment. Journal of Field Ornithology.

Brown, J. 1975. The evolution of behavior: WW Norton New York.

Brown, J. & Brown, E. 1981. Kin sclection and individual selection in babblers.

Natural selection and social behavior, 244-256.

30



Brown, J. L. 1978. Avian communal breeding systems. Annual Review of Ecology
and Systematics, 9, 123-155.

Brown, J. L. 1987. Helping and communal breeding in birds: Princeton University.
Princeton.

Bruce, H. M. 1960. A block to pregnancy in the mouse caused by proximity of
strange males. Journal of Reproduction and Fertility, 1, 96-103.

Bryant, D. M. 1975. Breeding biology of House martins Delichon urbica in relation
to aerial insect abundance. /bis, 117, 180-214.

Carranza, J., Polo, V., Valencia, J., Mateos, C. & de la Cruz, C. 2008. How should
breeders react when aided by helpers? Animal Behaviour, 75, 1535-1542.

Clarke, M. 1984. Co-operative breeding by the Australian bell miner Manorina
melanophrys Latham: a test of kin selection theory. Behavioral Ecology and
Sociobiology, 14, 137-146.

Clutton-Brock, T. 1991. The evolution of parental care: Princeton Univ Pr.

Clutton-Brock, T. 2002. Breeding together: kin seleetion and mutualism in
cooperative vertebrates..Science, 296,69.

Clutton-Brock, T. H., Albon, S. D. & Guinness, K. E. 1988. Reproductive success in
male and female redideer. Repraductivgsyccess, 325:343.

Cockburn, A. 1998. Evolution of helpmgibeha\nor in cooperatively breeding birds.
Annual Review of Ecolegy and Syrf?’ atus 29, 141-177.

Coulter, P. F. 2003. Parental c¢ffort L d mdlwdual quallty H Blue-tailed Bee-eaters
(Merops philippinus). M DC lt‘

Nocagdoches, TX. ‘ U

Crick, H. Q. P. 1992. Load- hghtenmg h cooperatlvely breeding birds and the cost of
reproduction. /bis, 134, 56-61.

Crick, H. Q. P. & Fry, C. H. 1986. Effects of helpers on parental condition in
red-throated bee-eaters (Merops bullocki). Journal of Animal Ecology, 55,
893-905.

Curry, R. & Grant, P. 1990. Galapagos mockingbirds: territorial cooperative

esis, Stephen Fj Austln State University,

breeding in a climatically variable environment. Cooperative Breeding in
Birds: Long-term Studies of Ecology and Behavior, 291-331.

Curry, R. L. 1988. Influence of kinship on helping-behavior in Galapagos
mockingbirds. Behavioral Ecology and Sociobiology, 22, 141-152.

Dasmahapatra, K. K., Lessells, C. M., Mateman, A. C. & Amos, W. 2004.
Microsatellite loci in the European bee-eater, Merops apiaster. Molecular
Ecology Notes, 4, 500-502.

De Neve, L. & Soler, J. J. 2002. Nest-building activity and laying date influence

female reproductive investment in magpies: an experimental study. Animal

31



Behaviour, 63, 975-980.

Delope, F. & Moller, A. P. 1993. Female reproductive effort depends on the degree of
ornamentation of their mates. Evolution, 47, 1152-1160.

Dickinson, J. & Hatchwell, B. 2004. Fitness consequences of helping. Ecology and
evolution of cooperative breeding in birds, 48—66.

Dickinson, J., Koenig, W. & Pitelka, F. 1996. Fitness consequences of helping
behavior in the Western Bluebird. Behavioral Ecology, 7, 168.

Duplessis, M. A. 1991. The role of helpers in feeding chicks in cooperatively
breeding Green (Red-billed) Woodhoopoes. Behavioral Ecology and
Sociobiology, 28, 291-295.

Dyer, M. 1983. Effect of nest helpers on growth of red-throated bee-eaters. Ostrich,
54, 43-46.

Emlen, S. 1991. Evolution of cooperative breeding in birds and mammals. Behavior
ecology, 301-337.

Emlen, S. 1994. Benefits, constrainsts.and the evolution of the family. Trends in
Ecology & Evolution, 9, 282-285.

Emlen, S. 1997. Predicting familysdynamics in so€ial-vertebrates. Behavioral Ecology,
228. “ : e i

Emlen, S. & Wrege, P. 1991/ Breeding bielogy|af white-fronted bee-eaters at Nakuru:
the influence of helpets on bréede?‘ﬂfnéss.‘ The Journal of Animal Ecology, 60,
309-326. f L m |

Emlen, S. T. 1982. The evolution oﬁf Clpm g 1. an ccolog1cal constraints model.
American Naturalist, 119 2§ - 1*8

Emlen, S. T. 1984. Cooperatlve breeding in birds and mammals. Behavioural
Ecology: an evolutionary approach, 305-335.

Emlen, S. T. 1990. The White-fronted Bee-eater: Helping in a colonially nesting
species. Cooperative Breeding in Birds: Longterm Studies of Ecology and
Behavior, 489-526.

Emlen, S. T. 1995. An evolutionary-theory of the family. Proceedings of the National
Academy of Sciences of the United States of America, 92, 8092-8099.

Emlen, S. T., Emlen, J. M. & Levin, S. A. 1986. Sex-ratio selection in species with
helpers-at-the-nest. American Naturalist, 127, 1-8.

Fridolfsson, A. K. & Ellegren, H. 1999. A simple and universal method for
molecular sexing of non-ratite birds. Journal of Avian Biology, 30, 116-121.

Fry, C. 1984. The Bee-eaters: T. & AD Poyser.

Fry, C., Fry, K. & Harris, A. 1992. Kingfishers, Bee-Eaters, & Rollers: A Handbook:
Princeton University Press.

Gemmell, N. J. & Akiyama, S. 1996. An efficient method for the extraction of DNA

32



from vertebrate tissues. Trends in Genetics, 12, 338-339.

Gowaty, P. 1996. Field studies of parental care in birds: new data focus questions on
variation among females. Advances in the Study of Behaviour, 25, 477-532.

Greenwood, P. J. 1980. Mating systems, philopatry and dispersal in birds and
mammals. Animal Behaviour, 28, 1140-1162.

Griffiths, R., Double, M. C., Orr, K. & Dawson, R. J. G. 1998. A DNA test to sex
most birds. Molecular Ecology, 7, 1071-1075.

Haig, D. 1990. Brood reduction and optimal parental investment when offspring
differ in quality. American Naturalist, 136, 550-556.

Hakkarainen, H. & Korpimaki, E. 1994. Does feeding effort of Tengmalm's owls
reflect offspring survival prospects in cyclic food conditions? Oecologia, 97,
209-214.

Hamilton, W. 1964. The genetical evolution of social behaviour. II* 1. Journal of
theoretical biology, 7, 17-52.

Hardy, O. J. & Vekemans, X. 2002. SPAGEDI: a versatile computer program to
analyse spatial genetic structure 4t the ihdividual or population levels.
Molecular Ecology Notes, 2, 618-620.

Hatchwell, B. J. 1991. An‘expetimental-study.oi the effects of timing of breeding on
the reproductive success of Comimen, Guﬂlemots (Uria aalge). Journal of
Animal Ecology, 60, 721-736.. ":-:, \‘

Hatchwell, B. J. 1999 Investment é Aiategﬂ:s of brecders in-avian cooperative

aturalist, 154 205-219.
Hatchwell, B. J. & Russell, A. E 1996 Pr0V151onmg rules in cooperatively breeding

breeding systems. Amemcan\

long-tailed tits Aegzthalos caudatus: an experlmental study. Proceedings of the
Royal Society of London Series B-Biological Sciences, 263, 83-88.

Heinsohn, R. 1991a. Evolution of obligate cooperative breeding in white-winged
choughs: a statistical approach. Acta XX Congressus Internationalis
Ornithologici, 3, 1309-1316.

Heinsohn, R. 1991b. Slow learning of foraging skills and extended parental care in
cooperatively breeding white-winged choughs. American Naturalist, 864-881.

Heinsohn, R. 2004. Parental care, load-lightening, and costs. Ecology and evolution
of cooperative breeding in birds, 67.

Heinsohn, R. & Cockburn, A. 1994. Helping is costly to young birds in
cooperatively breeding white-winged choughs. Proceedings of the Royal
Society of London Series B-Biological Sciences, 256, 293-298.

Heinsohn, R. G. 1991c. Kidnapping and reciprocity in cooperatively breeding
white-winged choughs. Animal Behaviour, 41, 1097-1100.

Heinsohn, R. G., Cockburn, A. & Mulder, R. A. 1990. Avian cooperative breeding -

33



old hypotheses and new directions. Trends in Ecology & Evolution, 5,
403-407.

Herrera, C. M. 1990. Daily patterns of pollinator activity, differential pollinating
effectiveness, and floral resource availability, in a summer-flowering
mediterranean shrub. Oikos, 58, 277-288.

Hunter, L. A. 1985. The effects of helpers in cooperatively breeding purple gallinules.
Behavioral Ecology and Sociobiology, 18, 147-153.

Hunter, L. A. 1987. Cooperative breeding in purple gallinules - the role of helpers in
feeding chicks. Behavioral Ecology and Sociobiology, 20, 171-177.

Innes, K. & Johnston, R. 1996. Cooperative breeding in the White-throated
Magpie-jay. How do auxiliaries influence nesting success? Animal Behaviour,
51, 519-533.

Jamieson, I. 1989. Behavioral heterochrony and the evolution of birds' helping at the
nest: an unselected consequences of communal breeding? American Naturalist,
133, 394-406. -

Jamieson, I. & Craig, J. 1987. Critique of helping behaviour in birds: a departure
from functional explanations. Perspectives in ethology, 7, 79-98.

Jones, C., Lessells, C. & Krebs, J. 199]. Helpeis-at-thesnest in European bee-eaters
(Merops apiaster): a genetic analys.ns IR rpel ientia. Supplementum, 169-192.

Keller, L. & Reeve, H. K. 1994. Parmtlomﬂ'g'«of Jeproductlon in animal societies.
Trends in Ecology-& Evoluf)o P, 5:8 102,

Ketterson, E. & Nolan Jr, V. 1994L ale parental behav1or in birds. Annual Review

of Ecology and Systematzcs 25 601-628."

Khan, M. & Walters, J. 2002. Effect§of helpers on breeder survival in the
red-cockaded woodpecker (Picoides borealis). Behavioral Ecology and
Sociobiology, 51, 336-344.

Koenig, W. & Dickinson, J. 2004. Ecology and evolution of cooperative breeding in
birds: Cambridge Univ Pr.

Koenig, W. & Mumme, R. 1987. Population ecology of the cooperatively breeding
acorn woodpecker: Princeton Univ Pr.

Koenig, W. D., Haydock, J. & Stanback, M. T. 1998. Reproductive roles in the
cooperatively breeding acorn woodpecker: Incest avoidance versus
reproductive competition. American Naturalist, 151, 243-255.

Koenig, W. D. & Walters, J. R. 1999. Sex-ratio selection in species with helpers at
the nest: The repayment model revisited. American Naturalist, 153, 124-130.

Komdeur, J. 1992. Importance of habitat saturation and territory quality for evolution
of cooperative breeding in the Seychelles warbler. Nature, 358, 493-495.

Lack, D. 1968. Ecological adaptations for breeding in birds: Methuen.

34



Lack, D. & Lack, E. 1951. The breeding biology of the Swift Apus apus. Ibis, 93,
544-546.

Langen, T. A. & Vehrencamp, S. L. 1998. Ecological factors affecting group and
territory size in White-throated Magpie-Jays. Auk, 115, 327-339.

Legge, S. 2000a. The effect of helpers on reproductive success in the laughing
kookaburra. Journal of Animal Ecology, 69, 714-724.

Legge, S. 2000b. Helper contributions in the cooperatively breeding laughing
kookaburra: feeding young is no laughing matter. Animal Behaviour, 59,
1009-1018.

Lessells, C. 1990. Helping at the nest in European bee-eaters: who helps and why.
Population Biology of Passerine Birds, an Integrated Approach, 357-368.

Lessells, C. M., Avery, M. I. & Krebs, J. R. 1994. Nonrandom dispersal of kin - why
do European bee-eater (Merops apiaster) brothers nest close together.
Behavioral Ecology, 5, 105-113.

Ligon, J. D. & Stacey, P. B. 1989. On the mgmﬁcance of helping-behavior in birds.
Auk, 106, 700-705.

Ligon, J. D. & Stacey, P. B. 199 LaThe origin and maintenance of helping-behavior in
birds. American Natiialist, 138 254-258,

Luck, G. W. 2002. The parental invegtmeat ifdtégy of an avian cooperative breeder
differs between a fragmented énd;ﬂ'ﬁﬁ'f‘nagmented landscape. American
Naturalist, 160,809-8148 | [~ L ||

Marshall, T. C., Slate, J., Kruuk, L E. B. & Pemberton, J. M. 1998. Statistical
confidence for likelihood- based paternity mference in natural populations.
Molecular Ecology, 7, 639655

May, P. 1985. Nectar uptake rates and optimal nectar concentrations of two butterfly
species. Oecologia, 66, 381-386.

Meade, J., Nam, K. B., Beckerman, A. P. & Hatchwell, B. J. 2010. Consequences
of 'load-lightening' for future indirect fitness gains by helpers in a
cooperatively breeding bird. Journal of Animal Ecology, 79, 529-537.

Moreno, J. & Osorno, J. 2003. Avian egg colour and sexual selection: does eggshell
pigmentation reflect female condition and genetic quality? Ecology letters, 6,
803-806.

Moreno, J., Osorno, J. L., Morales, J., Merino, S. & Tomas, G. 2004. Egg
colouration and male parental effort in the pied flycatcher Ficedula hypoleuca.
Journal of Avian Biology, 35, 300-304.

O'Connor, R. 1978. Growth strategies in nestling passerines. Living Bird, 16,
209-238.

O'Connor, R. 1984. The growth and development of birds: John Wiley & Sons Inc.

35



Pettifor, R. A., Perrins, C. M. & McCleery, R. H. 1988. Individual optimization of
clutch size in great tits. Nature, 336, 160-162.

Piper, W. & Slater, G. 1993. Polyandry and incest avoidance in the cooperative
stripe-backed wren of Venezuela. Behaviour, 124, 227-247.

Pruettjones, S. G. & Lewis, M. J. 1990. Sex-ratio and habitat limitation promote
delayed dispersal in superb fairy-wrens. Nature, 348, 541-542.

Queller, D. C. & Goodnight, K. F. 1989. Estimating relatedness using
genetic-markers. Evolution, 43, 258-275.

Reyer, H. U. 1980. Flexible helper structure as an ecological adaptation in the Pied
Kingfisher (Ceryle rudis). Behavioral Ecology and Sociobiology, 6, 219-227.

Ricklefs, R. E. 1968. Patterns of growth in birds. /bis, 110, 419-&.

Ricklefs, R. E. 1975. Evolution of cooperative breeding in birds. /bis, 117, 531-534.

Ricklefs, R. E. 1976. Growth-rates of birds in humid New World tropics. /bis, 118,
179-207.

Ricklefs, R. E. 1983. Avian postnatal development. 4vian biology, 7, 1-83.

Rowley, I. & Russell, E. 1990..Splendid fairy-wrens: demonstrating the importance
of longevity. Cooperative Breeding in BivdsaLong-term Studies of Ecology
and Behavior, 1-303" :

Rowley, I. C. R. 1964. The life history o,f.the superb blue wren, Malurus cyaneus.
Emu, 64, 251-297. | 2= h

Russell, A. F., Brotherton, P. N. NﬂJMcI’E’ath G M., Sharpe, L. L. &
Clutton-Brock, T, H..2003
of helper number and materﬁal state. Behavzoral Ecology, 14, 486-492.

Siefferman, L., Wang, Y.-J., Wang, Y.-P., & Yaan, H=W. 2007. Sexual
dichromatism, dimorphism, and-eondition-dependent coloration in Blue-tailed
Bee-eaters. Condor, 109, 577-584.

Smith, H. G. & Hardling, R. 2000. Clutch size evolution under sexual conflict
enhances the stability of mating systems. Proceedings of the Royal Society of
London Series B-Biological Sciences, 267, 2163-2170.

Soler, J. J., de Neve, L., Martinez, J. G. & Soler, M. 2001. Nest size affects clutch
size and the start of incubation in magpies: an experimental study. Behavioral
Ecology, 12,301-307.

Stacey, P. & Koenig, W. 1990. Cooperative breeding in birds: long-term studies of

reeding success -cooperative meerkats: effects

ecology and behavior: Cambridge Univ Pr.

Stacey, P. B. & Ligon, J. D. 1987. Territory quality and dispersal options in the acorn
woodpecker, and a challenge to the habitat-saturation model of cooperative
breeding. American Naturalist, 130, 654-676.

Stacey, P. B. & Ligon, J. D. 1991. The benefits-of-philopatry hypothesis for the

36



evolution of cooperative breeding - variation in territory quality and
group-size effects. American Naturalist, 137, 831-846.

Suetin, G., White, B. & Boag, P. 1990. Preservation of avian blood and tissue
samples for DNA analysis. Canadian journal of Zoology, 69, 82-90.

Sydeman, W. J., Guntert, M. & Balda, R. P. 1988. Annual reproductive yield in the
cooperative pygmy nuthatch (Sitta pygmaea). Auk, 105, 70-77.

Valencia, J., De la Cruz, C., Carranza, J. & Mateos, C. 2006. Parents increase their
parental effort when aided by helpers in a cooperatively breeding bird. Animal
Behaviour, 71, 1021-1028.

Vehrencamp, S. & Quinn, J. 2004. The evolution of joint-nesting systems: mutual
cooperation or conspecific brood parasitism. Cooperative Breeding in Birds:
Recent Research and New Theory, 177-196.

Vehrencamp, S. L. 2000. Evolutionary routes to joint-female nesting in birds.
Behavioral Ecology, 11, 334-344,

Walters, J. 1990. Red-cockaded woodpeckers: a “primitive’cooperative breeder.
Cooperative Breeding in Birds: Fong-term Studies of Ecology and Behavior,
67-101.

Wang, Y.-P., Siefferman, I, Wang,¥.-J., Dipg, T.-S; Chiou, C.-R., Shieh, B.-S.,
Hsu, F.-S. & Yuan, H:-W. 2009 Nest gite|restoration increases the breeding
density of blue-tailed bee—eate&s.’ipﬁegicdl Conservation, 142, 1748-1753.

Woolfenden, G. & Fitzpatrick, J. i 84. Tbe Floriddserub jay: demography of a
cooperative-breeding bird: Rr‘fncetb-n- Uniy Pr.,

Woolfenden, G. E. 1975. Florida Sél‘l"lb jay helpcr§ atnest. Auk, 92, 1-15.

Xirouchakis, S. 2005. The diet-of'the Griffon Vailture (Gyps fulvus) in Crete. Journal
of Raptor Research, 39, 179181,

Xirouchakis, S. M. 2003. The ecology of the Griffon Vulture (Gyps fulvus) on the
island of Crete. Ph.D. Thesis, University of Crete, Heraklion.

Xirouchakis, S. M. & Mylonas, M. 2007. Breeding behaviour and parental care in
the Griffon vulture Gyps fulvus on the island of Crete (Greece). Ethology
Ecology & Evolution, 19, 1-26.

Yuan, H., Liu, M. & Shen, S. 2004. Joint nesting in Taiwan Yuhinas: a rare passerine
case. Condor, 106, 862-872.

Yuan, H. W,, Burt, D. B., Wang, L. P., Chang, W. L., Wang, M. K., Chiou, C. R.
& Ding, T. S. 2006. Colony site choice of blue-tailed bee-eaters: influences of
soil, vegetation, and water quality. Journal of Natural History, 40, 485-493.

Yuan, H. W., Wang, M. K., Chang, W. L., Wang, L. P., Chen, Y. M. & Chiou, C.
R. 2006. Soil composition affects the nesting behavior of blue-tailed

bee-eaters (Merops philippinus) on Kinmen Island. Ecological Research, 21,

37



510-512.

Zack, S. 1990. Coupling delayed breeding with short-distance dispersal in
cooperatively breeding birds. Ethology, 86, 265-286.

Zack, S. & Stutchbury, B. 1992. Delayed breeding in avian social systems: the role
of territory quality and" floater" tactics. Behaviour, 123, 194-219.

Zahavi, A., Stacey, P. & Koenig, W. 1990. Cooperative breeding in birds. Cambridge

University Press, Cambridge.

38



&— 2008 FoPIHRBEHEERERREFAAAT  AEREARAZ LR
AR AT TFHARTFORBEERAARRYBEELRE - (AT FE =18

%%+ $ n=12 > Mann-Whitney U test) o

Helped Un-helped U p
X+S.E. X+S.E.
Nestling Period 27.1£0.8 28.6+£0.9 79.00 0.232

Fledging Success  (g6+0.06 0.87+0.05  103.50  0.851
Predation Rate (144006 0.13+0.05  103.50  0.851

Clutch Size 49+0.2 4810.2 99.50 0.723
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k= 2008 F4oMIBEEREFEBKRAAFLABMATNREVE LN EZE - FE F
MAEFHBREAMELYEREEZER (AT FEE =36 4% FE% =24

Mann-Whitney U test for Weight and Tarsus; t-test for Tail ) °

Helped Un-helped U(t) p

X+SE. X+SE.

Weight (g) 39.67+0.54 39.46+0.64 1696.00  0.863
Tarsus (mm) 14.33+0.22 15.08+1.13 1548.00 0.334

Tail (mm) 88.97+0.66 89.46+0.78 0.680 0.501
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RE BESHABEL PELNHBEEELY (RENT ) MRBEY

%) B e (0600-0800 ~ 0800-1000 ~ 1600-1800) ; X &, (B R ~FiF % & ~
MR S BFe (AWEMER > AR AR 2MEEFE S NHEMHER > B A2 B2
F#4z28E) (GLIMMIX; AR TAL - 8#)

Effect df F-value p-value
Time 2 43.00 <0.0001**
Weather 2 8.25 0.0003**
Offspring-age 1 5.66 0.0176*

i ’-'
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ko @RSHRXEFR BELIILHREEANARREROBR T AT T
# & 1 ¥ F (0600-0800 ~ 0800-1000 ~ 1600-1800) : XA (B X ~ 585 5 & - @
R s ke CRBBLER - A% 2 @857 NBMEL - HAE2EMA

#% 28 EA7) (GLIMMIX; M#E T AL - 88)

Effect df F-value p-value
Help 1 6.02 0.0144*
Time 2 32.51 <0.0001**
Weather 2 7.11 0.0009**
Offspring-age 1 9.58 0.0020**
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Benefits/costs
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