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Abstract

Competition is widespread in animals. In altricial birds, nestlings highly rely on
parent provision food. When food is limited and the nest is a narrow environment, it
may cause the nestling competition. Taiwan yuhina (Yuhina brunneiceps) is an endemic
species in Taiwan. They use join-nesting cooperative breeding system, almost formed
non-kin group. Because the low relatedness between nestlings, it is more possible to
induce the competitive conflicts of benefits. The object in this research is to investigate
the mechanisms of nestling competition in Taiwan Yuhina and test between scramble
competition model and honest signaling model. Under the scramble competition model,
| predict that (1) to get more food, when-brood*size enlarges; the begging duration may
get longer. (2) When asynchronous hatching, the competitive abilities would be large
difference between nestlings, so that the \{\_(f};_lole hegging duration would be shorter than
synchronous hatching brood. (8)s\When asﬁ}rj__:ﬁronous hatching, the early-hatched chicks
have the dominance than late-hatched chi.éks such as-obtaining more food and the
shorter begging duration because thé larger body. and:-the better competitive ability. (4)
To increase the rewards of begging, early-hateched chicks would jockey the nearest
position. Under the honest signaling model, | predict that begging behavior reflects
nestlings’ true need which is influenced by the hungry level so that (1) there is no
difference between early-hatched and late-hatched chicks in eating interval. (2) When
nestling become hungry, they would get closer to the feeding position of parents. It is
equal for all nestlings to occupy this ‘good’ begging position. Data were collected in
breeding season from March to August in 2005 to 2007. | used the micro infrared
camera recoding the begging duration, eating interval, food obtained times and begging
distance to indicate the level of nestling competition. The brood size was divided in

small (2-3 nestlings) and large (5-6 nestlings) and monitored the hatching pattern (if all
v



nestlings born in 12 hours | defined it as hatching synchrony). The nestling stage was
divided in early stage (1-6 days) and later stage (7-12 days). All data was came from 22
nests about 5549 records and analyzed with generalized linear mixed models (GLMM).
According to the results, the begging duration increase with brood size increase and it
decrease in asynchronous brood. To consider the hatching pattern and the brood size, |
found that the begging duration extent of asynchronous brood is smaller than
synchronous one. Also the early-hatched chicks have shorter begging duration and
eating interval, obtain more food per hour and have nearer begging distance. | suggest
that asynchronous hatching play an important role in nestling competition in Taiwan
Yuhina and early-hatched nestlings have dominance in food monopoly. It provides clear
evidences to fit the scramble competition model.
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¥-F < Frw AR

§£% £ & Begging

¢ @ (begging behavior) & i & = < # £ 31 & $ F k{7 5 & 3 (Leonard et al.
2003) -~ H & ® Efp s s 2 ;Y (Godfray 1995, Kacelnik et al. 1995, Cotton et al.
1996)  §t 5 S EHE L 2 Fehd 875 0 bldot v B 3R VW RS 2
FrrE NI E LR 0 T IRIER AL RS Y RITOR S ERB S
$=(Mock and Parker 1997) o £ & 55 R il % € "THLE ch&BRAZR ~ L TIRBIE 2 2
< ¥ 7] & & @ 3 4c (Budden and Wright 2001) -

MHELEL DL FRBHEAER GG, VL ¢ FIRETEIREZ S
P F R fe 3V A 4 BER (Trivers1974) > & A § K 14 (sibling rivalry) s
IRF I IR SRS LY R 5 % FENF REHE RS A & 4
#7118 = i % (Parker et al 2002) - {_, %@J&,—r {tF 7% (parent-offspring conflict) <3 %
(Wright and Leonard 2002) = if‘uﬁ A ﬁiifjﬁ”{mﬁﬂ 3w s L G " A
- B LRI w2 g rﬁ% F_ahi] 4t é@ﬁﬁ% 2 88 5 B k% (body
condition) » 3% B E { § FAE L i RS 4 % (Godfray 1991, 1995, Budden
and Wright 2001) » & 8§t L g 8% 4 P FIE 2 2 8 > Gilde : 8 n3
F(Price et al. 1996, Lotem 1998, Cotton et al. 1999) ~ 4& 5 4 %] (Anderson et al. 1993,
Priceetal. 1996)% H © 5 £ & g 7] 47 & (Smith and Montgomerie 1991, Price
and Ydenberg 1995, Price etal. 1996) % F]| & @ 3 “T£ % o § &7 L5 #c 5> - &
SRR RSV A FRA ST R AR E ST RET
A 5 PR ek 8 R F 11 & A fir & $ ch5 3 (Porkert and Spinka 2006)

P e RN BEFHSRBERLEDLFL D 5 - AL BER
+ (scramble competition) » & - f& 7% HAL L 2 N 0 PHRGVERMEF 1R Y

Frafape s Aikdprl posd B % 05 5 4 (Parker et al. 1989, Godfray



and Johnstone 2000) - % jEB~4pf @ T 32 T > RAR A L £ AR 45
FRODN BTN EN PR bldet WA PRERT AL RS FE
(Rydén and Bengtsson 1980) ; & E % 214 cnf g FIH A 5 L A8 v R L o H2
B E B e i 4 RAF o A e G A 27 eh g 8 F R (Khayutin and
Dmitrieva 1977) > d v+ F]Z @ (Fig i o AR E £ 0 B g g o 82 § 0
g J=(Parkeretal. 1989) o fpt 38T > S5 st FEE < £ e p o Bt B
G4 A E L JpdFend g i ¥ (Kilner 1995, Ostreiher 1997, Kilner 2002) -

Y- {2 RlAks 875 E - A5 P 2 5i(honest signaling) » it B F £ &

§t 5 7 K(Godfray 1991, 1995) o g - 2% ML 53 7 b £ 8 K i W

LF L e EEFIESRiE > XTI LS ilifﬁﬁﬂ%fgﬂo AT EREREEE
ELT 0 T AURELE R T ) TS KRS i A < R B g

B (fitness) o FJpt » 5 3 At e384 Aol R 5 gAML MmE ~{ F
¥4 ¢ a8 v A& IRGE :3'}4 "’4?%%"&5@ er1 a3~ (Porkert and Spinka 20006) -
Bt 4 8 mEK 5‘&% L_E-HFZE T Fenfe pFy & B i AR g eh
i* % (Moreno-Rueda 2007) e s,glkh A % o 450 (1)#&@ &ﬁ;#ﬁ 8% fE AR &8
7O MR AL G B 4w K 4K 9 HHE S R €3l ® it 2 (Clark and Lee 1998,
Price 1998, Kilner et al. 1999) ; (2)* ** X 3+~ fm#z 4 £ iy £ i) 4 (Weathers et al.
1997) 5 ()i > 4L 5 pEFRPFRY » B2 B4 5 chd & & 4 (Roulin 2001a, Wells 2003) ; (4)
FERE3E 3 & (inclusive fitness) ™ "% » & 45 P G 2 % i PR E SRS
Wb o BAREF S G TR e p PR TR A HEHVGER L aA
(McCarty 1997) : (5)+ & #icik > % ff » s e A R F L AF 40 §obsi 7~ ph >
BBt S A B FE L [ F L DR FIURE S MR £& T
i s < = (Christeetal. 1096) « ¥ ¢ » $ 5 ¢ S B s> ME L D F A
BR Pt agE KR R fE 2 (Dunn 1976, 1979) o BB g E £ & 1% e
W FEEMERGEALEL L SRETF PR F] 0 MRS TR APV R fFi
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% I % it Hatching Asynchrony
E3rPe T RAE FF A e g R 4 i B4 7 (Drent 1975) > Flpt 2 g

VA EE R AP PR e 4R 5 it a0l B (Magrath 1992) - E i 4
% 2w Tﬁiﬁ&ﬂ%ﬁw RIMGEEFDEL > D3 P REOFFLE > ST
e # sm-it (hatching asynchrony; HA) » * 2_ > B] & I # ‘&1 (hatching synchrony; HS) »
HRBEEED T > BB pr o 15 € R R WA R
(hierarchy) £ £ > & m B2 53841 5 gt s 5t 4 (Magrath 1990) o &7 %7ejF it 3§ & il
AP 072 e it oA Rl E e da ()R C AL s s 1 ' HE(Hussell 1972) - (2)
B8P T RmakpE o REER >S4 @5 = (brood reducﬁon)z’v’vi% =14 (Lack 1947,
1954) 5 () > 5 FE (Hahn 1981) (4)4\ %:;t D AMEE Reh = b 'k (Gargett
1977) > (5) fu3F# K 34 2 féna (8§ ﬁt"’(Slagsvold and'Lifjeld 1989) -

A fe o mit P gt il mﬂﬁﬁ; W“!@ P d o R R S 3 0 B R X
hEA A P EY P NE 3 &7 A% 2 g VT A1 5 % % % (Cotton et al.
1999) o #2035 L P B e & f il S m I ugads B R BN D)L PAE Fo
i (insurance hypothesis) » £ 21 2 G ¥ § & S hb e 0 * K e R
it g s KA Rt 7 55 u A g vE(Dorward 1962, Gargett 1977) ; (2)
+ gt b g (brood reduction hypothesis) » & AL g 2 FEH R AL a H TR
EFHAR AL EAnt FRM AL TR AR BHHE- R kY S
PRERGR AT RAREO L il NSRS BB ERE &S
AN ¥ e & ondt b #ic(Lack 1954)- ¢t = sE I F 2 > hdrm Pl K ¥ S5
(optimum brood size) s7g. gk + © Nilsson(1995) %= 3 45 &1 » 7 o o) it pr i @ 4 5
B B s &S 3 hRETB] c F AL ME € LY LT
HALFA (asymmetry competition) > 3B 35 A2 3 88 #4008 2 B E £ & (siblicide) 0 p 2RiE
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AR AL YRS TR PR ET AR T REALE T o R ERL P2 B
By it s 3 F 4 F B S i AE 2 o R g B Atk GRS S A
S ERE X2 N A AL L > bldo t < L ¥ (great tits; Parus major) e § ik iR
w4k G Fa g e & (Bengtsson and Ryden 1983) » e p B ¥ i ¢ ML A ka2 A

# ¢ (Bryant and Tatner 1990, Godfray and Parker 1991) -

i¥4 58 Cooperative breeding

—

EEEEE Y EITAARS AL aPEHY AR ABHATIR AL
23 oeni P R AR S5 oo A5 (Brown 1987) - Emlen & Vehrencamp(1983):i& - #

iié’%?iﬁﬁﬂﬁ—%Uiﬁﬁﬁﬁziﬁaﬁéﬁﬁ%%ﬁﬁmﬁoﬂ

e drd 308465 AL F & (FA AN L o RITG £ B 3.2% o+ A B R

75 i 3t (reproductive skew)ﬁ)i #3531 = H)(helper-at-the-nest system) » % o A &

Ho T F L HMN et ASE T BAE 1 Rt e o e |
1l M

AT m Rk ¢ (Brown 1987) <) ¥ it 20 D SRR R A th AR R e

£ * — 3 {1 (joint-nesting system) g ¥t L el _‘eiﬁ*oé'%—,ti A &

11\1,

I HA R B A M M R AT B

\\\Xy

¥ % 58 chs € (Brown 1987,
Vehrencamp 2000) - & % & % — L7 » 2K g AR S v Jazbiy

BEABDE & F 50% b e (v o A S ARG A FopE ) 42 i £

|
Ak

BPEBAELPH EARY 0 A Rd A EfF AR 0T Fpt Ba o
E ‘mF-cr-25 (Vehrencamp 2000) o

ETAAEGY FHIRAFLZ 2REEFM G 57 S8y p e Pt
PR MY SR F A o i HE Y - K417 5 3 £ 4 Fg(guira cuckoo; Guira
Guira)(Macedo 1992) ~ & 2 fg(groove-billed ani; Crotophaga
sulcirostris)(Vehrencamp et al. 1986) -~ #-# =& ~ 5 (acorn woodpecker; Melanerpes

formicivorus)(Koenig et al. 1995) ~ ‘= %--k ¥£(common moorhen; Gallinua chloropus)
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(McRae 1996b):# 7 ¢ & # = § € F BF d(egg tossing) * & -(egg destruction) 1

L EF A EACHUE A A AT RIS A ART ) £ AR EH
# & 2 & 3-8 5 (Koenig et al. 1995, McRae 1996b) - @ = 5 Al ¢ & 7 4 < fie
o4 LB F Pk~ B s (mate-guarding) & H 3 AT SEPF G R
(infantcide) % 7 5 3 4c p e cnfIF c HhEE A 2 > ZEXBp e AR Fad 5
€ 0 PI7 AR fh s {5yl ZI(Slagsvold 1997) -

%31 4% /& (Yuhina brunneiceps) = @ Yamashin(1938) &fr 2 L% 55 £ F #
B2 TApengEFrRiT A o p 1997 Bz AR Y R ¥R S LB RHHR PN el
FRAEFFEHRF T P m e AHFMFRADIE T3 F R 0% L E* - K
FlE T2 R BB HFRAL 2 A AEFIST6% > AFEEP Y €8 AR
PR - LI EIFA ’*%s—;\ h i BT L0 0L o B nﬁmﬁﬂ& (2R R AR
# :0.1940.18) » = —gu\%;:,&ﬁ 3 3} §Lf‘e#rrﬂlé‘ﬁi\g(Yuan etal. 2004) - % i=f¢2 5
fog A RnA e (E g R b ﬁ:'%"ﬁ F2 AR e Yo FE S K
HAcpF > MimpER K TR FS = f I-‘If 5 g&?ﬁﬁfﬁ—}%ﬁ‘* U P R R
A Al 33 r’bﬁ k2 3 AT *z)@(compensate)(Yuan etal. 2004, #ng~
# 2011)e % A X E A EA Sy RTINS U SR T EE L P
A E{oie & T EEAFTBRJE » BRFF 2L 17
S P S ER A R ATl F K ehfl £ (Zhong 2006) o ¥ ¢h 0 B mFE R & $F h
TR s o F R Eux R 5 (FU2005) 0 P OH G g > E S B E W

Mg N E (e 2009) 0 Bom B FFARE AR AL AL G RGBS T A

7

BEAMPET o 3 f ot i ol R R AT b BT E R hos Bk g
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IHFHUTETHFLPIR G > HRRPERE P 2
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[N

BF U e B R AR T R RS AR S S TR

7
U EREE 2 A €4 4 el ehik L (Parker et al. 2002) < £t § cnérbk AR R €
ISt AR SRS EW W EMIAS L AREAFERTT
FRSGIME NI T eI HRIEPERE T L R BT R Fp L hasp
%ﬁﬁgﬁ« SR BERREEL Fhep o

# P~ ¥ (Mock and Parker 1997) -
EHEamYy EULF R

G e BRI K i KR B e T g i

Gl o @A S P T RALARES Kb & (Wrightand Leonard 2002) -

Y- ﬁﬁ&?#iifﬁibmfﬂ“?‘¥'ﬁﬁﬁﬁ§%§ﬁ
KAMEH LB E

>

& (scramble competition) - 5= 48 7 ‘J’?fp—'}”ﬁ‘f— & P RES
£ 8 & &g i 9 fe(Parker et al. 1989, Godfray

Bap A Lk P
pid e

and Johnstone 2000) - 7% j& B~4a Pa SR R " A~ iy £ s

PRGN E TR EP PR b A S RF S RS RS R

(Rydén and Bengtsson 1980) ; & £ % 11 24 crft b5 FIH A 5 6 S 7 R L o {0

Bl N eniR B 4 B4F o A s e BE R eng 8 F & (Khayutin and

ARSI L WA R TR CEESCS CEAN 6 (hagl 4 W3 ST

Dmitrieva 1977) >
gt~ (Parkeretal 1989) c ) s T o FEE R FEE < 285 B B L
i~ % (Kilner 1995, Ostreiher 1997, Kilner 2002) -

wER

a

Gt L3k et
7 5 &- 839 1 55(honest signaling)

a

Vo HIHRAkE

ft5 7 R(Godfray 1991, 1995) o gt #r2% - #E 5 2 b £ a K =t end R &
e

FIE AT BRI EoRR > A ETIL ARG E T T RE RS
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G FT O AL AT o L TR EREH I N R A IERB A Y

B (fitness) o Flut » 5 7 EE e JE o AL s A B B ELE R L Fp
Y4 L a s wHmE 423 feng i L EB XS 08 4 (Porkert and Spinka 2006) ©
FIFLRECRE Y B AR S LA L3 RS S
£ aEF E N EFEMN S B 22 % (Muller and Smith 1978, Redondo and Castro

1992, Cotton et al. 1999) o fe p- & B F 2% 2T % > T L - 85 6 € 7

STRF TIPS FTREREFF (bde: FE - E) FELPRTREHT @
f8¢ a4 { % (Royle et al. 2002) -

R A S Ak P R AR L 4 PR % (Jens Krause 2002) - 48 4 F 3 74 € p #
A 2 11 % (automatic benefit) »afe = g & E 5% (automatic cost)sgF 2 5 Bilde 1 3
e F R R R (8 #"ﬁol&) B F 2 L LR F T ARk 5
SIS EEERC 2L £l /f«*“iﬂ*'mf CATIB T B e 0 P A
€ 2 %1 €48 % & 7R 4 (Alexander 19%47’ swl| e 4 755 2 AR ER A E
oo Rdp AL g FEHY g S B _F'Ié:ﬁﬂ%ié-’ A AR el R AR KA
PRE w7 HRED f’r(E:mler% and Vehrenclafn_p 1983) ¢ p % 4 & (4 58 % in
30842 5 & (Arnold and Owens 1998) » ARIR VR B A 3 0% £ 4 (Brown
1987) o ¥ § 0 2020fEen b FER] B B BAG KR P - 4] THP L F ik
PMARFWE R E LA £ - T epl R R AHE P T F(Vehrencamp
2000) » 4ok & Fg (Koford et al., 1990) » #-F #& + & (Joste et al. 1985) o  * —
AT A s A fIE BFR 2 T RS o ZE oK B Fg(Vehrencamp et al. 1986) - £ -
1 Fg(Macedo 1992)#4 78 B AF il 317 5 > T A ¥ UM E R P E o BV SIS E
SRS BR 82 gl end Y > AP e Ak { &35 ¢ (Slagsvold
1997) -

P g Lthr el iR 62 AF LR8P H RS DF e
(Yuanetal. 2005) » &3 TR FhTF TP FR s dTEHY (A L) B
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MOGEIHFRF T H R FHNBMW > VAP FRARAFLIOE - HE B
- T fena (TR 4 g (Yuanetal. 2005) o ptth 0 AW AEG RS G o0 gk R
AFEOORALGREFAAPBEIRTFRNER » ERREALLE XY L3R

B 1R SR s & 1 TR AR 45 #E(Shen 2002) - 2 7 45 % shd 2 Hd 5
PN OBRGER A LA E 1 kenih § (Alexander 1974) o § Rk R d L M
BB (ot MQ M2 ) 4o B3, 4 i&*"ﬂng‘ri o o Bl g 4uiF

FLEP RBER oA TR FRDIFEY - L4Y > KPR 1",5'37@5' LA

SGM a2 (Zhong2006) 0 § K¢ SEE PR p FBA o B RFAGME R
P o S5 S T A {5 0 7] (Parker 1985) o pt v m AT R P dem i BB

LT § mirAk e p A S Ry IE € mirck SWMERE TSRS 0 B
B3 E R enT Ry *ﬁm% ER KT % m%’f—?‘ﬁiﬂ (+ %1 2006) - =32 % 4
b et e F*”f‘”‘f%"—}ﬂéfﬁP f1°E & ﬁ*“ﬁ"ﬁ"fﬁ F&? ' E P’f:El_ SPER IR B M i
B e o it ek o A méwmf%;m&@ BB F 2 Esa g

| F
AR N B A g % E Fm'ﬁr»fi rgr- S rﬂ—+ B sb:]%"taw - AT :f’ff?:)a P AF 5T

£ g (Fokgs 2009) o LT ;i ! '.!

TP M > G s o g _I 24 %ﬁéﬁ‘bﬁmﬁ (biparental care)en g f84 % > * %
B A LG RFVEEAAMAY R L P ARRET RETH oA @ F R
£ - LY R R o Y R - KT g Ak R A 5 E
BLERTH > 38000 27 FALE BP0 h L) o AT 0P AR
L2 7T T F R ML L ] > TR T BRKE IR
B- N ERMEL aF LR EBRE LB
1 5 50 EFXSansd > wid BHEAES SR > £ 8 M e A7

Flt g R RS BAR MEF Y BB > £ S TARA
2. FEICERARHPE NP BERL N4 LERS > T EF AR OB £

SPEFFREHECPEFE P 4 AT LR K S5 Bt pr ] £



3. FLOBEE A R RS BRI R PR i Al A
%wﬂﬁ%%ﬁ’£%%ﬁiﬁ@%%ﬁﬁW@@’E@%%i&“@?
4, ZHRFELSOPEFTHRPF > FMICEE € J RPN E T L KI BT DRE 0 Y

GOEEE P RIS AR A )

B EFNERMEL GF LR EBTRLES
1§15 £ 84 ML FIeBfe R B8 BEF 8 F BB IRARE o fL5 Aotdsen
e g o FIM S d PR REIRERE Y EF

2. BLE £ S AIEFIAUAARR B HUBBRE AL ARG S » AT o 2bd 48T

L g I ¢ Y




R

F3yeL

AEF B a BRI CEROR E R T LT YR L TR R S
*3(24°09°N, 121°17’E) > /344 2100 = = » #3598 13.7°C >~ " T35 58 5 25.3
CTHr®:ME 5 125C > - 7 T35 FE 5 130C > &™MF 5 25C» # T2k
17 3,200mm > # T3ov ok p ) 100 X 0 BEFAF o o THEP o AT B4R
E 4k & d Hf(Lauraceae) & # <L f4(Fagaceae) T = > ¥ 5 B R = % Fl2 B3
oo PHCGRTF S FEEFTEANSH A& A 184845 p Ar4s(Cryptomeria
japonica) ~ ¢ 1 (Populus fremontii) ~ 747 _(Alnus formosana) ~ . # 7= (Prunus
campanulata) - +k * T & B B = K jr(Debregeasia orientalis) - 1 2 s (Litsea
cubeba) ~ I & = (Miscanthus floridolu) % 15 4 & %= i;‘%?v_iﬁﬁ)’é,]‘s g FEEA
=S .';: ¢ )
Il m
|| = |
FRHhECBET AE e é;il&ﬁijf%}%i 800-3000 = 2 eli % 0 % K ¢

G

e

BEEHES I RMANRR Y c REGIA L T B AR A T HRE %

@ﬁ?iﬂ S 0 FN AR K SRR R A HER o S BRI b
HsBi& e kikh(leeetal. 2005) T EB-S T o E KR o RAENE &

SRR I B RHY SR - 44 ERIHE - Kb

FEHN o MEHE A RAA 2T o B 4 EEHE L F L(RF R 2010)

F-BmEs- BRAEEI 7 EF9 5 (Yuanetal. 2004) » A 53 % » 4 3
P31 42 AENEPFRE TR - LA E- A ER Tk B KRN G

B3 5% 4 (3/34) - m3-dp 5 12 = 5 F “PHcX) 2-6 3f(Yuan et al. 2006) » “Eiv
BT o G A 2 A it o SEEMEISHE S P BRSNS F

otk 2 WAATE B F MBS TR THRD G123 5 KRS 4E § R T E
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Bt 12 T pAE gk A4S 0 F A BRRDOFAIRK > T 6%

RAEE s ¢ g R O 4 (Yuan et al. 2004) -

3k 2 -H;,?f
4R RS EL RR

AR BT )0 B R R G B et B R e (Mistne)df Hd § o v A
WtE PR ABR IED SEBEFABMAR D REMELFLL &
ER AT AR RARE L ERTE CMERAATH S SRS
% za(incubating patch) % 4 = 14 4-5F 2 £ fw & $ i (20-70pl) » o # % ¥ —20°C

%8 T 04 f2 (lysis buffer)(Seutinetal. 1991) @ w24 %] 2 MG B (R FE_o 33T

|

B2 gt SR~ 3¢ & B (ID100A, Trovan) s = r[ﬁ: & FE00L% > N EAR
%ﬁﬁ(ﬁlZi)iOO8%3;é;
e |
| | {
* R 2R || ==

EEERRN SR N S ?'

\"3‘*
.\4.‘
[
Jul)
(A
3
T
g
>
oy
W
)
o)

O%Gmmuﬁﬁléﬁ@mmﬁﬂmﬁ%iﬁﬁé?eﬁﬁﬁﬁﬁﬁﬁ‘miJ
BL2 BRI G 0 f 35 D HRB L8 ~ IR s e~ iR MR BFEHE 0 U

JRLEO RIS o d R F R F Fe s B8 Tk iF, BT TR

P 6 B o A AR R L B P AE(GE < b 2008) > 5]
SR GRS SR R L R S IS e AT

e (Yuan et al. 2004) -

ERHERE L P R&FFXK

BEPRFEFLRESI LR ZHRETNER ARAY T T L

g

FRE > AFTERLIAL LI BT o O ROLE TR BH

F_
=
F_L
¥
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b3 ek b AT RS (micro infrared camera) 0 -2 R0 A 20 B B R R AE)
(antenna) F &3t & S v B H U T B FH L ARKIEY > D EAITERBE H PR RAE
BE oG R E e 2 N 7 k&% (data loggen)Apig o BT F R R eha iF o F
FALEE N N R PR ER BB L REREEp Rl R
oS RUEM o PN R e P ik AR o LT BRI g
Voo s VEESFE R TEEREPRIR RS RS AT 3R YREEK
iR e L+ p 0430-1800 -

S st e fr g

Bt eIk iFa s By 42 E,—‘;Tﬁ':i(Painters, Elmer’s Products Inc.) & %
Fho~ BRTR Z Bt d b st wliE e (Kolliker et al. 1998) % A 4R E $2-4-6-8% < pFig
FAERIE 0 ek £a~mw% awi @%%4%«ﬁ’u&§aém§g%
v R ETR R T %“3216*??5% L HRTF R P AR E SR

|| il
B5 LS 15 PR R 1l

PG DRET

i * pcE & ®DNA(microsatellite DNA) i 5 #k %)%z (genetic marker) » 1 #*
B # 5 ik (MegaBACE 500) B 32 # T| e dk & > e 5 %8 DNA 2 T %% 90 48
(MegaBACEGenetic Profiler 2.0)# 4 {5 » 7 7 3] % & B4 &7 F 2 F1& (loci) ¥t ig
2 71+ /] (allele size) o 12 F s dc4Cervus 3.03- 8 fp & & § B E BFenA F A B 2
AL vt & 5B (false parent)(Slate et al. 2000) - R R R 8 2 2 iFE
FAk - RAEY PG R BEFDRATR O F R GEFLRLT
FACE - B R FIR R A GG BRI E ﬂpm*<ﬂouiﬁ
Bt * 2 513 (primen)#c® EoEE B E AT AR AT A F ARG H G
PR G IEE SRR S 5 0.965 0 2 b iEE  cteh 5 50.995

12



R R AR RS R e eniRor 0 F RS AT ¢ A e
BpELEE B o Y Y @i s e 845 P (begging
duration) > B PF Rl 2 &% 5 6 E BAnRE £ ST S S P 5 1Y
i E () s R 8 5 chfF IR (eating interval) > iE B PFRF 2K 5
BLE NG L ST TR L SR AL e O E
Bap=l bEPERN L) EFLIEF IR IFEEFTGF N
B (d)fes £ 8 #hED AL PR SRS L SFETAD
ER o215 RS MRS B E A (N) ~ B (M)~ B (F)= BEEY 0 M

= BEESES X84 (N=0/M=05, F=1) -

F o™ '-; :.7{27!
(2) M5 A7 5 _; = | |
il

HE R T L F F&FG ( & ¥ AGFR %ﬂ@i%ﬁ».% oo TP ek

ME @& S F”rrgk(feedlng ml!erval) g o B % G T % T3 RE T KA S D
%@@m’ﬂﬁﬁé*%EW'@%ﬂégﬁﬁvﬁééiiﬁiﬁﬁﬁ;
CFEMSE =8 » i AL X4 FH o> ML /PFTADEE o
(3) HAN

KB zegkE op i L E dBc(brood size) ~ B E R ERT (B~ 5 P

# s PPREHLE ) B E il E A (1212 ) PE A A s B E E O 12 ]

PIA R EEE R o F g - B R ACE 12 AR5 7

fooh it ) T3t B A B T35 e (Mot B(capita) o ¥ ki i

e

Tenlg & ¥ FATi AR S MR K e ke
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®I A
fREL 2 MEAKS
AFT g @ % 2005 ~ 2006 ~ 2007 = # ¥F AR IR A 1T 0 R T R TR 22
§ 71 $40 8 5540 Rl £ Sk TR FTHIRE 22 K EBIEY €455
WA EDL - F R R MR S HON 2 (generalized linear mixed models,
GLMM)ig 7447 o« A3y £ R T e BRI > AL 54EE 4L SR - REEFS
Peh=clic s 15 € SEIER - L5 BT S DR IE o p R IR A L HES F] (random
factor) 2 7 z_F]+ (fixed factor) » S{# 7]+ K & (g & AN HR A F a7 jHh2
AT SR PP AT R R LS TS 0 A R 2 EN Y R
) E_F)F AT A B[ :
(Dﬁ%é%%@i?ﬁ%@%%t%%@%ﬂiﬂ4’?%3iﬂﬁ5&($
THE23 L L F 5-63) ,%%frﬁﬁt TETALE AR S I e
A (HS : FH ~ HAL lkﬁ)#ﬁﬁﬁﬂ(fww W P o it fS 1-6 %~
Late : ﬁﬂ’"f%m?%ur)l{lfaagﬂ*ﬁ»(AM B2 SPM I TE )N FH
mnﬁgmwﬂ@ﬁGméa&mﬂwm¢:%mﬂ%45ar\mﬁ%

SRR S E W kB

2 e » | HEF e TR BERLET S S EOF LTS
S IAREFLE LY L B 2 o I LG PR A S T e o
FEE P& RAPFER S TR E - A RSB ERE EERERE P

SR S R T TR T

() #h £ SEH VA BFEE £ SFERDOF LTS > &I 7 I pFeD
B M B I e b s SRE P # s BLE FHhfcs 5V LG B> BB PF
B A e i g, SRR g, PR T R B S P
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AR IEH o

(4) S5 EE S FPFIE D 7 K BPRE EE S T IRALTS > 2 450 &

PR B MEF LML A EGPEER LE P& o

e BiERE AR GLMM £ 7R @ R ré»#”T /% (backward selection)
#-p FHp 2P R —i“/‘ BRI RS BRI RAEETINEY
% 2 (p<0.05)» pr2 g ] T > (Least Squares Means)i& (77 & 1t g I i@ * A L
# 17 (residual analysis) » 12 2% 287w F 050 @ Bk i 7 AR > L 1% R A LRI E

Bh P IR kI 2 e o Rd LREfoE B T RE P ORI ok 8 F il

SN

% H 03 e { P FE [33% 0 % B4 ik f%ﬁfé é{?ﬁ%i.@ °

Y AR P ﬁqfﬁ‘_% e . ‘1,3- 7I

ﬁ%@iawﬁ%wWSAﬁTﬁ?“mmﬁw'ﬁﬂﬂkﬁ%ﬂmﬁéﬁ

$%W%W&O¢&%WEWAE 2 [ R )% e (HA-L 1 12 ) p i

ha)o Fﬁﬁ*%%ﬁﬂwb@ﬂﬁﬁﬁkﬁ LR TR SRR R
EREREWTFF > 2B K «Lmrﬂ{ﬂ—* &7 L PR AR RS
il 1 AN RL N e SN i ) e e A mil FLE R E SRR ~BE P
el i R B RR FF o AFTY R F st A 84 52 R 2.13.0 ~ SAS 9.1

% SPSS17.0 -
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.
*n

LA A
K GLMM 24 Mend B ficst ? e S7 dr s dic s S F L &S pFE

FEARGREIE ~ it s it e LY R B R E HN RS hl S
PERY 4 BE % 8 85(n = 3325, GLMM, p<0.05)(% = ) o - fiu i ¥ S Bl sy, £ o pF
R gL eI P MEdms S FEF S35 Y S8 s (ng
= 2449, n | = 888, Least Squares Means, F = 75.77, p < 0.0001)(®] - ) ; & m-i g &
Fod it E H L SRR REE TR, EL L (N pa= 1621, N oy =
1715, Least Squares Means, F = 42.94,p < 0.00_01)(1%]: )5 iE- A R T e it
LT R P S B S B AR08 B R s R R e PR P gL BoA
Somh L SPERARED BT e P SR S ch o 15 L S
PRAEFE TR E e e (n s =-1343 N s £ 372, N was = 1105, Ny =
516, Least Squares Means, F = 65 88 p < 010601)(%] W L —‘ﬁ Bl B2 ERH
PR e S0 R Rt AR mb’? ] ’- 1’“%1 o S A SR A N
CELE L apERaL R lf*'ft" 2 Pﬁﬂﬁﬁf—%—'“"—‘# f%‘tl“ﬁ’ﬁ,%f L aEFFREE S a
Wit S E (N Haealy = 1261, N pajae = 360, Least Squares Means, F = 7.12, p =
0.0077)(Rlw ) » Fld & # Ip#h Wit PFER G4 cnft§ B £ ST RAE -

WAL EE S M G K GLMM 24 e N ¢ B A G T gk
LV AL B 2 it SRR VR S LR s SRS P AR S PEE
ol AR E I R AR E PES R IEH S b AR E PSR R T
® AL B @ dr e Bicd B F B 5(n = 1030, GLMM, p < 0.05)(% ) o % it
BrE BT R EF P amit SEE B FEEFHR S X3 (N pae = 168, N paL =
144, Least Squares Means, F = 3.89, p = 0.0206 )(®] T ) °

BhEE 4 SEEH S 5 0 K GLMM 2 Miend 8 P B 3 b it SR E
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ST IE B s T e bt s B G P o AR S EEE A e b L LG chiit g B 2
BEPEARIEY R MR PR T H RS L SRR BEF R
(N =5549, GLMM, p<0.05)(# I ) - "E ¥4 F LML > 2 HFH & 3 A mit
b B GE 4 8 pEdeiEE (n=5549, GLMM, F =4.99, p =0.0256)(F+ ) 5 # 5|
FELE S PR R E ST AT ARGl SIEREANEE S
P B AL B AT s SIERET §F > L AT F gL 2 g
CELE P A4 S ERREGT AJE @ 8 4 (n = 5549, GLMM,F=34.15, p < 0.0001)(f®]
= ) o
B BT a5 en IR 6o ALGLMM 2 0 end R0 P @ K7 g B

BLE R T ERPFE M L ST HANEE £ S G 4 (n = 3115,
GLMM, p<0.05)(% =) s % kb ik g P 8 peni rmﬁ—?f@*ww #h(Nuae=
627, N ya-L =517, Least Squares Means F 516 p=0.0058 )(® ~) -

Fobo 22 AR rguw'aﬁ"riﬁ%'%ﬁ%%ﬁxmiﬂ AL e
i % #ci 12.25+1.38 <7 F:«ﬁ‘rl%’—lrb ﬁﬁgliﬁéﬁﬁ%%ﬂzp 11.36:1.03 = > 4 ¥ &

kg % % ¥ (compare means, F= 2 573 p=0.127).

fEuE
RS ML DL L GLMM 4 I chh B3N Y Far s L p &~ 3 R

WL BE L PO B s L e S RGP S e T e b L B E i B R
T Ll P& s iR JHNEENE BEFPEM = 93,
GLMM, p<0.05)(% =)o i & 7w it g g s F 7 WA BE(R4) 4
B R AP ot anf 48 £ (2.3440.21 Q) fr A Fe ) it pE e nit i 5 RY
F(2.334021 Q)R B E £ B0 4 b H Wit phond it 1 5 B F (3.3310.28 Q)R B E F

st a e f (n=17, GLMM, F =872, p=0.0025)(Fl L) ; #t5 & ~ % < pF s 7 |

3

F it % it £ 6 (10.35£0.57 g) 2 oL g 5 48 F (9614061 Q) A F L B
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T it e K 48 £ (11.55+0.53 Q)RIEE ¥ & ** 10 3 242 5 (n = 25, GLMM, F = 6.24,

p = 0.0063) (F~) -
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#ih
AT R AL L AT S REEFT SR nNI CREE L EEE Fx
Bex fEh £ SRy BRPIED ¥ P RERAFFVLEIAMERIBIIFER
BRAEN oL L AR ARG A E ALY MEBAR I PF o G L &
PERFARE > BT R LB MES TR IRETEF S, Ly EE L
Pogh v pE o K0P R E AR S > B AR L AP S DR R AT A e o i pER
oD AR Hmitpr, ML L ol aRFREFRE Br 5 mIVHRE L S
Mg iE o FEEE SR H R B BRI KRR K AR 4 ) L B
F Bl o FRALL RS ALY RS gd@ﬁ%véﬁfi‘am S A AR U
ﬁ*%ﬁﬁmamm%’m%mﬁﬁgégﬁﬂéﬁw&ﬂkmahi’Eﬁﬁ
F % 1o (Nilsson 1005) Fl s P ¢ BB Ue o B M g g 5§ o
ﬂﬁﬁgi%’ﬂétﬁﬁiﬁg%gi%%ﬁ%’ﬁxkﬁ%ﬂﬁﬁﬁéﬁﬁ

| i | ,
ﬁ%ﬂé%%@mﬁowﬂ,ipﬁ4£%&@ﬂ BLEJEE & 3 P I B e

fﬁJ%ﬁwa#“&@¥’%%ww%%H%T&@wﬁ Fohamaia sy
R - 6 B S 2 AT -

Kb £ QRN S FRFVIRAMELF LN L - £ SRR ABTR
EAR G (% chABd > W T e b MU SR E RTLIL I B A b i > Pl IS L
e v fEn el SRR LR LR T RSP Sy 5l
SRR F L A A S 3T > SRS R A R R Y An ol § 4
R a2 MEWEPFE BLERMS > 3 PR LBRETHE SRS Lot
LD TR ARRERTNL GEEEF S UBRBREALL XN E L
LA AR EPRE A TS RE DL S RE s LA RL L 5K
Z o Hueng LM 4o IR R EB IS P 2 LRI ERA
EHAS O RS EHL S FRIPPUTHL SR LB RGP LR
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R e IR o PR BET oSN F RS EMRE ATRTY LG EERS S
AR F o B R L BRI G R RN NRESNL T ERG S
TR A e T i BN T R L R B A ROR R XK
RS G A E o

BRERIEGVERY R FE e A pfrd 8 R X PR 5
BRHBARSE G4 BB RMLPHELEE A HE > B30 LB PR TR
% I mit & B & T 4 B (Mock and Parker 1997) < ££ 5 kg5 7 e it pFRFEL & 5 P
Mt 44 > ¥ RSB DR MERKEL FE > &R g IS L ST
i 4 ehi B (Cottonetal. 1999) o 33 % A AT 5 ¥ FlA$H§ F-Tse giihr o W0 S
Presd gk mi s gcd s ® ;‘é:,}f;i*r Wil W g chmit g R - e d
WA T R ﬂ’i‘ MEAsL Rz ﬁ&iﬁi%fﬁ%ﬁ LT fEE R AL

rﬂ- k

*ﬁﬁﬂ%ﬁ°“mvﬂ$%$%W§%f%%m FEES - A @S AR
7 £

-

AL g L ?':S'H.% g %f—é-g«%ufg,_lu ﬁ:%‘ﬂpﬁ

A TRl ::

!

F
ke
E
=k
3
et

éﬂ’ﬁf?“{#W%ﬁmﬁgkéE%*éw’aﬁf%iéﬂﬁ%%ﬂﬁ
e L#- wehd 3iRg, '*’fr f«%’- .:f_%%:'si.; ELEER S 0 BRE N XS
it foat mit S5 m&é"z{ﬂ&ﬁ-g e AT SR BB FRF R

A S bt &R R s L cnT IO A Y 5 12 2 0 AP
22 %7 W- KAt Ak o e A D B LR Eiprg 12 )
PEAR- 2 BT RE T A E TS F oot i uf £ v BPER > Tt 5 i i
Eenipfiz - A0V P > R A R A Bl gl W Ay Rt n o B
A L g (marsh tits; Parus palustris)sr#= 3 @ 3p 81 > 7 [p o B0 T BRI chig § H e
vl B Tk SO B i g G B T A RS epE B oS L g e pE
&2 3 (Nilsson and Svensson 1996) » pt & % & o i 533 AL S S E € 1R bHAL
SR ERE AR AP o g A BRI FRT S fof s 1
g T A RSk Moo B K% - &4 il B §§ (smooth-billed  ani;
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Crotophaga ani)# 5 $4%at 2 T ch g & F 1% F ik (testosterone) Jk & A% 3
(Schmaltz et al. 2008) » % =& 2 & (red-winged blackbirds; Agelaius phoeniceus) %=
TP A BREFME RN A > F RIS IR B R R £ G
3 ent B R RS a4 o0& §e(Lipar and Ketterson 2000) o & pt ¥ B0 * 4
FEEBFEFRREDRT S NN G kT R LE D3 ES e

Pae F e 5 ITR RIS AR R R Rk S S NS A B
700 f* Lf (great tit, Parus major)eiFT @ dp A1 g LS BAFAR I ik SE 5P
Brbeng SAEF ¢ HEF K 7 AR5 B 40 @ 3 4o (Neuenschwander et al. 2003) » &+ 4%
BEHRIESNY L £ T LY g Bodp b4 en3Eip|(Godfray 1995) o fe gt

=

o+

5% 2 % o Kolliker (1998)##7 5 36 A & Sk 14 & 5 B frd 4ebhAT B 3

BARM ove £ F 4 N rmﬁf? (Godfray and Parker 1991) > ¢+ Neuenschwander
£ 43&%-%?-"155’&,%%%%‘"%3‘*\ i E’ﬂﬂi RIS SR RS B
zki’@%iﬂﬁﬁéﬁﬁ%’ﬂﬁﬁm#ﬂ%g«fww%m%ﬁ&IM®%fam?
PR RELS PR RS ﬁlu;* ’ @}m BOECRAEH e S LS §
e R E L o A #ife'v:iﬁ,%(Arabian babblef; Iurdoides squamiceps)$t & £ & ix

ﬁﬁpfﬂ%$5@F&&&£¢5@&%5&&%&&%%5&ﬁ&&%%

ES

s e H P R Bl EE S bR F 0 B 43R R L 5 (Ostreiher
2001) - Pokert & Spinka(2006) ¥ % I i & 4§ (common redstart, Phoenicurus
phoenicurus) s #t 5 #2587 4 47 > SR BT ACRELE FF § AL F T 2 chizl
BE o PEEBRASPE T R FHM A > LB AN FAET LA oA
B E R A 4T o AR E R PR RS > P FFPER S BRE 5K

]

§€

TP OERACBRARE By iha g o P\?Bflk"*‘ FILELEL SRR X | ¥
EOMGER > RE DL R ST R SR s SRR A AR
EE LSRR T AL it YRGS B MAHN o FE
PLEBANS > 2 d A B L BRI > d S 8B FiRdo A
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Gt EARE 0 RS A G P BB BulE P TRRAE - S L B
B WrRH e RS L SRPEHRTRIFN S A FREN R 2ERSH TR
AP e B - G BATE BAE 0 AWML AP TRERS LS D

S5 G KPS B aiER” SEEELE £ 675 R E 1 & 3BF LB (Royle

|

et al. 2002) - ARA AEFIN TV AL ¢ FHE BT A r‘&—‘ﬁj;é ERE ]

]i ’ ."i_x?”}ﬁ%iﬁ‘ﬂjﬂ? :‘_17 7,5 %—U’JUJ ) ,ﬁ"ﬁ_‘% £ =9 ]F' }u___%ﬁ%i 7 Fw @*&vf"{;’%

E}

A E I S IEER Rk A A S A Ry R
BER L F S AR § kTP KRR 2 il g F
o] o Y BE(Fte 4 2009) 7 € p R AR SRR L 0 fohdcEa Bl o B

DU e ik “%ctﬂ%*;;gaﬁ@J
%i)i’:*f*ﬁ%'f‘ﬁﬁ’ﬁ.%ﬁ? #f'mﬁ _*513.;; pﬁfﬁ:& RGNS E B LA

BH R AL L PR TR P _’" f 48 RSP s n i AR ER
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