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Study on the food allocation of the parental Green-backed tit (Parus monticolus)
during fledging period at Guan-Yuan

Abstract

Parental feeding and nestling begging behavior of Green-backed tit (Parus
monticolus) were studied via video cameras set up in the nest boxes at Guan-yuan in
Taroko National Park. The result showed that for Green-backed tit, the hatching
spread between the first and the last nestling was 0.963 + 0.372 day (N =5).
Nestling’s weight was affected by hatching order (P < 0.001). The earlier the nestling
was hatched, the heavier it was. However, the influence of hatching order lessened as
the age of brood increased (P = 0.038). During the fledging period, the nestlings
gained weight by the days (P < 0.001), though the increasing rate declined with the
age of the brood. Nestlings of different sexes or paternity have shown no significant
differences on weight and hatching order (P > 0.05). No matter male or female parent
entered nest, there were no significant differences among the distance from parents,
begging height, and begging percentage between nestlings of different weight, but
when female parent entered nest, lighter nestling beg for food earlier (P = 0.006). On
parental feeding of nestling, male had higher feeding rates and brought back more
food than that of female. The percentage of male to the whole nest in feeding trips or
loading quantity has shown no significant differences in nests of different ages of
brooding, brood size, nestling sex ratio and paternity (P > 0.05). The positions of
parents after entering the nest and the positions before feeding were highly predictable.
However, among 11 nests only 3 nests of sexual parents had significant differences in
the position before feeding and the included angle greater than 60°. When parents
entered nest, nestlings that were closer to the parents or extended their necks higher or
begged more often had higher chance of being fed or acquiring more amount of food
(P < 0.05), and when male parent entered nest, nestlings that open mouths earlier to
beg had higher chance of being fed or acquiring more amount of food (P < 0.05).
However, there were no difference when the female parent entered nest. Aside from
allocating food based upon the begging behavior of nestlings, sexual parents have
selective feeding. Male parent fed more food to heavier nestlings (P < 0.05), while
female parents fed more food to lighter nestlings (P > 0.05), and the total times of
being fed or the amount of food received of the nestlings have no significant
differences between nestlings of different weight (P > 0.05). In nests of different age
of brooding, brood size, nestling sex ratio, paternity and the percentage of male parent
to the whole nest in feeding trips or loading quantity, male parent showed no

significant differences in the percentage of times of being fed or the amount of food



received of the nestlings of different weight. The life history trade-off hypothesis
could better explain for the reason that sexual parents make different food allocations
among nestlings of different weight. It was suggested that the difference of the sexual
survival rate leads to the difference of food allocations on current reproduction by
female parent and future reproduction by male parent. And it also made the sexual

parents have different food allocations among nestlings.

Keyword: Green-backed tit, Parus monticolus, food allocation, parental provisioning,

begging behavior, the history trade-off hypothesis
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AFIESY CRATERTAERE S S AT BREH (parent -
offspring conflict theory, Trivers 1974) ¥ B3 @ AR FfoF+ * T Keng + 77
- RORRET R AT e il s B (fitness) E Pk 0 g RYpF RhdE
BERAIRFT AT REBA DS oo 3 A F ZARAREIL F TR AR
BT R A A RS TRA R FA §R RS g B 4
* Kehd A o AT I HF R ARTF > R € LA (Trivers 1974;
Godfray 1995a) % 7 &7 o snd 58 » A4 hffth PSR T T &G 43
o Bl - BEP OREHENELHEBWANT S T EF AR ABHEAD
EfC o gREa TR O MEERRIML T R IEY LY
BooEA R B3 % s34 R k4R MS oAz (Gottlander 1987;
Smith & Montgomerie 1991; Kacelnik et al. 1995; Kilner 1995; Kilner & Johnstone
1997; Kolliker et al. 1998, 2000; Kolliker & Richner 2004 )< §t 5 £ & (7 2 AL in 2 &
2 E ¥ & F Fih- #7372 (Ryedn & Bengtsson 1980; Hussell 1988) @ 3. & 7
R R EE TREN L AN L RN T TR s e RIFTHEP (AL € kg
fr 5 ehé 95 R4 8 (Stamps et al. 1985; Gottlander 1987; Godfray 1991, 1995a, b;
Smith & Montgomerie 1991; Teather 1992; Kilner & Johnstone 1997 ) ; M. & » ¢ i%
EASLES £ aadpEs (Smith & Montgomerie 1991; Leonard & Horn 1996;
Whittingametal. 2003 ) 7 i > £ 8 T i vV @ L EFRE&SH F X F
(Benefit) » e jczlend 8 F R4 7§25 3t § (Cost)> B FF » 2 (1)
tafiiva gy a —‘F% (Redonodo & Castro 1992; Leech & Leonard 1997 ) ;
(2)£ 875 284 v H 224 425 9(Leech & Leonard 1996; McCarty 1996 ) -
oo FREWIEY B F R, TR A RE BRI ELY X B
ERORES S g R R LY R BN o N A RERITAE hinE

FI* L E eniT 5 KJEE { % cha $ (Ryden & Bengtsson 1980; Bengtsson & Ryden



1981; Gottlander 1897; Smith & Montgomerie 1991; McRae et al. 1993; Ostreiher
1997,2001 ) - # % F_ A4 FAF R} & (cavity-nesting) g 287 » o 303 & 48 j5 0k
CARGHLS c REREMRGNTE { FAAME TR B AEE T R R
FiTF v eniz B (Kacelinik et al. 1995; Whittingam et al. 2003 ) ; iz Kolliker et al.
(1998) 2 Kolliker & Richner (2004) # % 4 .~ L& (Parus major) #. % € i&
FlEY o Eenfs kM AHS A MBI RS L T AR
il kARG EE -
FAAGHELERIGF LRGPP FRLENFHE 2R R

T S WA 0 TR S e g A G IR TR AR i
( Bengtsson & Ryden 1983; Mock 1984,1985; Mock & Ploger 1987; Osorno &
Drummond 1995; Price & Ydenberg 1995; Ostreiher 1997, 2001 ) » Al ECE 2=
Flafph L 223 b ot B AL T A e VT 0
PSR E Y gl b (Lack 1947; Hahn 1981) 0 L5 72 2 8 2 dop 2 & (T &6 4
A e (e A REFIRT o LI OI AR ERE D T 0 T oa ARG 0

(Slagsvold etal. 1995) F1 5 WAIB A Phs 7 it § Wk B3 chaf o a3 0 4

h‘)

FMLE chB iF 847 & e (Parkeretal. 1989) o T if & F kL KR ™ o Eoap !
fr b H o £ F oz B 5 & AL (Bryant 1978; Werschkul 1979; Slagsvold 1982;
Stoleson & Beissinger 1997 ) o F]pt B & ¥ it (TA doeh & o fle o @ L5 B 97
B A P B blde A Bk d K G ROLED 53] gt f o kit T
Papriag s & E DB 3 &GRS R S AR RS KdeiE K¢ S
BALEEHMF 2 A GMAR S PRLE T o REERETEEL S R AR
SEEFRNEE R ARLMEA AL § P EY RSSO S > TSR
5w RS A g ch=t fifik 4 (Bengtsson & Ryden 1981,1983; Braunt & Hunt
1983; Price & Ydenberg 1995 ) o fe & AL 5 iE # M4 S R A\ ] chf & pF > Pk &
TR A RS DA E S AR NI RBE TR AR MRS T £ 8/
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BT RS- AP L R FTGE R AT G F] LML B S
i 48 1% 1233 7% (Gottlander 1987; Leonard & Horn 1996; Krebs et al. 1999; Krebs
& Magrath 2000 ) > **§ % % 4% 7 7. 4 B8§ (Melopsittacus undulatus ) » F 4p
F 2 4%%" (Stamps et al. 1985) »

FAMBMEHLY 5 LARE 3B B LU A PP A PIE B h
CECRANEY Sl fi‘ug FATE R blde: B¢ BHE (Tachycineta bicolor) ® >
VEE miF AR SRR el > 22 5 RhdF AR S A« 9t E (Leonard & Lorn
1996 ) ; A R B ~ sa4% 38 (Ficedula hypoleuca) % '=3x3 8§38 ( Platycercus
elegans) ¥ » ¥p 5 BERS A0l R 0 4R Ak G REAIRC) DK 0 22§ Y
e k82 £ E ek & FPI4p e (Stamps et al. 1985,1989; Gottlander 1987; Krebs
et al. 1999; Krebs & Magrath 2000 ) ; i&% ey fhfFfim 3 0 s LE P oAy
SEEp R E o ppE R R G IRE SR L o 22 E hiFk S RE L s (Bengtsson
& Ryden 1981) » o4 Lol ¢ 5 T2 & 45 2 4% & RUA| A i i 4
Eovph i s pA s ek 5 (Sasvari 1990; Slagsvold et al. 1994 ) -
Ra P mAFRPEIFLIETALRE P LARLLBPRIL P

Slagsvold (1997 ) w A B2 5 A 4303 W E 8 g 2 8 o e £ B 2 B .

a.F X {4 5] i (The offspring sex hypothesis )
BIF S BAEY oG N R Ve G RRAUERERIT ) e R AL RPN
(Smithetal. 1989) > 5 7 ¥ d b T+ F5 el ik > 225 T Arpir g g

FTEE | F T g g ool k@ % (Harper 1985) tiF 5 5487

MG R A A NS R AT gﬁﬁpi& EL AP FIPME T i EE
FLE e E R (Bde 33 88 R EEE TS (Bldr: £ 87 5 5

33 ) RFEBELL DN X RREFIHZ AR -



b. #' % 7 B3 (The cuckoldry hypothesis )
% #b % fie (extra-pair fertilization, EPF) 3 2 #5 5 % e & > 225 ¥ iv § &
8P E MM iy b 3 fe % (extra-pair offspring, EPO) > 5 7 % ik el

Lo FRMORFTHELVRG JloBRRE I L AT Al BAT] BB

R FTOFT IR F AT i4 (Whittingham & Dunn 2001 ) > fe &5 S 257 > g g
Lk B % (paternity ) £ FER|H > blde o AL %rg (Delichon urbica) » % *

feF N F IRt g s ¢ (Rileyetal 1995); &2 g (Chen
caerulescens ) v 7Jfr & (Passwe domesticus) > % b % fieF+ SR 5 X % m )
(Cordero et al. 1999; Dunn et al. 1999 ) » F]pt 22 & 7 it ] * foilim b %40 b 07
F(blhe BB RS L) RIFR ARG R RIE o R ERFT I 2 S R OTR

g0t 5 B (Westneat & Sherman 1993 ) -

c. B & B f# B3 (The best knowledge hypothesis )

EAMMES AL i P A R TR R R - BERE &
ERPAS TR AL EHY R rEE B R 2F T e T
f oA AL RS2 1 (Fph B TR R A 8 62 RIALE
By KR HONRE T (BB L > STIIMEE VL RT A R IRALE £
#p 75 % ehig & k17 § 4 94 e (Gottlander 1987; Krebs & Magrath 2000 ) » i 4 5

R ] A B PR -

d. £ & #& B # (The sibling rivalry hypothesis ) 22 3 & 17 3% ( The parental
approaching hypothesis )
Slagsvold (1997) #% 41 & K5 s B v b HiTBERm K2 s B35 i@
SrAREN LR DHRIAUREHN A FHREMRE L ERETRG L

Boh G ARl nLB RFILEEL TS N oA ML B K Pk S )

fr

EF AR oMERE AL 2 WML T RIFMRIIPIRT R FEZMNE 2
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ARG EE 0 RIEFRS O&SEHFRRLEREIAL Y S aos o Y 12T
§t 5 1{7 5 (approaching behavior) *#4%4l p e+ R 7 £ F ikfp a4 7 j&
FRAAFERFEZ - F L FTRLEF A PREV L RRY Bl & >
FlAELE Voo g kyp Peng RARR S A B $4=¥ (Reed 1981; Haftorn

1986) > # PHE2Z fEEFTAPREDRIE I T EHFLR - § 85 FThi
Biip AaMBREvigd Fa ol Ak witk BER?T J%r??}‘%m%%
GRTRFHESRL By R EDHS - F SFR L <300 il 3i bt

AL L BB BB e .

e BERY S PARMEFENELY A RMELME L AR F T P2 W
Bi (1) ®N8FFRLLZBE L9 LRI K7 (2) 2HEs M0k
R A IERFGTE L BT &2 B P RE S (3) HiE a3 o A
METEZEF 2R E2 A4S FH (feedingpatch); (4) M E&K S8 2 7 7
Pens PR PREATEFTRFIR (S5 5 ZBpEEpJ A (ideal free
distribution) b4 4 ¥ 7 =% o 5 HF A }Fmﬁii—‘ﬂk kigpe EEDT IR

TN

e. 2 75 ¢ B B (The life history trade-off hypothesis )

FRMBZAMENvRBRTL I T AR ADREA L IVAGAELE T AP
HE ¢ p L 5% 4 ARAES SN s, £ PR RT P § 357 it
A_fi i e Slagsvold et. al 1995 ) 1% % & #§ ¢ (Breitwisch 1989; Krebs & Magrath

2000) > & 351 1 & 45 (Dhondt 1986; Kempenaers et al. 1992) > 22 5 v“ ¥2 5 3
gk nE & (annual survival ) Flptd L E AR AR A E A KB A gAY
FrA o e TR TR ARTAL 0L e K TR

§
ML Tl e G ERE L 0 RIRS e 2 kG E R



F 4 L% L g4 (Family Paridae) L8 % (genus Parus) > 5 & 8% 7 &
8 (Harrap & Quinn 1996) » # A & 3 FF 4 L% &7 #7 P18 > A PR E -
A G 1T (R 241996) 2B F < SHEEFR2ATY > Tipdid ¥
LG w7 (2 2005); F b N E AL RE (BPEZ 1A
2005) ¢ o AL ENPERL I - Ko AHAI VR IR A BREH IR
MEMEL P ARES Y 3972 R Ft 7 % L SN P L MG &S
Afet G od BWI A chA RE R B FS ot okAY 2 5BV ’%gé KE
RAAT LR 6 S FNE A EE IR (1994) 5 2 (1996)
AAREF (1999) < A RFRPENFIRPM AP B FLFTHRTE -

AT LF A LR A SRR
. e ME2 Mg > o2 (L IV A T A RE ML B %

SRE M s B G E S Y E R 2R TR

2. FRMESELL AL R 2L AR

>
[k

300 HRARL BMAFT - KIEE AL KIS RS LR
4, MEHBELESFP A RIXIIMEL 975 7F S (§5 kP 28 £ 93
Bt 8WAE~L a0 ) 2REMEEREATEE (BE - Bu R
B %) ? % ¥y Slagsvold (1997) #7i% 41¢h6 B BRE (FH R - 3 & F

FLge A EREHBL GFAREN LB L RAL P2



BT 4P

Z % &5 Slagsvold (1997) #73& Men6 B B > BRI O H > ¥ 3% D
FEH (F- ) RER2ZIFHLEEA L EPN (intranest) & BPHE S5 G5 A
fe2. A8 > 2 % 5 (internest) MEASH S (M4&a 5 ) 2 LR oL s
Hiph s Af bRt 2 LB o A uE A7 MEMINF (&S E)
2 A B ARSI F (RS E)2ZF AV REAT I REHRE SFARA
AR LR oL EREEI TR (AESE) 2P A KA T o RFER
TR BRI KRBT AT 24P -

B A wEEY T (1) 2 E eSS PR RS kS (2) e
P Rtk d o e h R SIS (ARG E ) GAPEE R Tt bk
GAbE (ARG E ) 2 AR (3) gl R i Y s 2 g el
BEE 2 AR S HIFARARARE > FIrpE L2 Eaclic (NS E) P o 22 ATk
IR S8

At TR (1) Bt A fe S AT A S RS B E s g
Flpta s Vo e 2 R SMERLDERES S (2) Al pF RSk o
BEER AT (&G E ) Flpteh &k aAplic (A& aE) 2 AR
M5 (3) i@ AR SEY CRENI R T A2 KRS BETRERS
Flpthd F Rz e (MESE) Y o ENTIEDE AV ERE -

hERERAERY > WHEHAEPAREAG A PpE €8 T RiE2
BEE S ik g o B IGRY B BB DR EFFH AT R EFRE
Wi aprpafeh 2 £3 b2l E&SIFEF (KRTE )27 AV RE D
BV O OMERE L HELE AR TR RIFAR W FIHMEREZ4E
HEa=d (BEIE) ¥ 225 9TIbE A v F o 2 E BB A
IR AP BE MRS AfRY s e S WERT 2L VS Mok SR

TRIE Mg o
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{ F(1994) BB HMAr HFR* LfDE AT 7% L% % L& (Parus
ater) ~ % *L™4 (Sitta europaea) * 1z % ¥ (Abroscopus albogularis) 2* = 8 §
J 825 P (Order Passeriformes) > B¢ # % L g Jh L g 10 8 > Fls IR
Fldk o EE 5 o AFF L4 (Harrap & Quinn 1996 ) > H 25 & e 7§ {7 5

Feik e T

Frug

FFANFIFEINS AR L AES > A 6 mE TN FHI R ARG
FI P EF IR GNP I T A Ee F A o R o g
BEHMIRehR2 o g e F(HL R E 1996) &= 5 ikl ot o s o
FALEfA LEER - F o 3 S#P G L4 (Harrap & Quinn 1996; & < %
1996 ) -

FALE %%ﬁ“\’ﬁﬁ%ﬂﬁﬁﬁﬁﬁ»&ﬁﬁ‘ﬁﬁﬁi%?ﬂiﬁ

sl
—

HEgr > 4+ F ¢RI MARAE F o AR FAFHNIT Y ol iy § 2EF
78 eie 4% (Harrap & Quinn 1996 ) °

EREALE G F AL E 2 HrH L 18~19 % 0 T Y 5 21-23 % 0 L
B2E PEcs 6.3 1 071 fa/% o TiEfscs 6.1 + 0.60 &/5% o #E it 5 L 96.5
%> B X5 965 % kAt E FERF (66.80 %) frBhE (3320%) 54 (2
,T;?Eli 1994) v i S a1 B d 22 L PTG 01 T ¥k PSR o Fog 2
AR ATHPP DL RI APRRE R FREEMS 2 10T BEF AP S
R4 - 38 a4 w & (single loading species) » i ¥ # Aprw K 0S5 K Ak G X5
a5 (P EZ2 348 2005) & F @A IOFATL A (72904 %) 34 (2
1994 A E 2006) T S EL o MEAKSREL DI FRA L TRER

UL AR G k] (F 1A 1996) o
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REWELHRE
FrERent dRRFOFEN 28 AR % (B- ) 2% 35 121°
19°457~121°20°15" % S 24°11°007~24 11’3072 F » A+ B3 g K& = %
G2 g AR 2 0 A4 2300~2400 2 % 0 AR R 245 % (1994)
EA7(1996) 2 HREF (1999) *t B Ry Fork B2 % 2304 85k (7

FRR SB)I6K F Tz 452915 28 e fF2 ke (% [NIMNIV) >

It

F-o R REBOBE G 120B K ERge g3 o HF 2§
BOLE20~25 2% o F v A o KRR L 4x15x20 24 0 KT EV %
B LAY o d W A TR B R It ¢ X B 0 FE A A 2004 &
1P 3% > RA 120 BEH2 1 T3 £47% 8 120 BATE > 3L faF o
B s 0 RATEMEB AR (2745 1 225 24 ) W EEH (3121 £ 225 24 ) %
Moo - B2 AT L M) A (0)F B 0 blde D £ #1160 E FELE 116 B2
ATE 4 0 EH#1160)E B S 116 502 B 5 7 b b R o b3 e PR
PERE IO BATE S (% A) ARZLEYFREI7TRES (% B)e

4o BT T2 B 0 ok ATE il 2t 147 B o

TIT
BRHRREPBEHRDA A AR I Rl G HE 2 FETERLY
66 thmads o R TH ¢ L RAHE S AR ¢ ATE 30 £ 2 o E (Pinus
taiwanensis ) » F R R 5 1965 R/ 0 TR FR L 5T % + 7.1 % BHE 5
215 £ 5.0 24 (2 ﬁi 1994) +k¥ 3 > &2 5 # = dF W (Acermorrisonense ) ~
% Lk (Quercus spinosa) ~ #a = v (Salix fulvopubescens ) 3 ~ £ 5§% (Deutzia
pulchra) %% & * > # T B2 T & = (Miscanthus sinensis ) v 1. L4 # ( Yushania
niitakayamensis) % 1 > % 3% & 2_ =< 44 §§ (Rhododendron rubropiilosum ) ~ %
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L & & (Rosa transmorrisonensis) % ¥& ~ §& (Urtica thunbergiana ) > ¥ *b » >*
ZLERREM RS 2 AHAEL TR ER gt
FrHFHRE? GRLNP F2f50d 4 5 548 & (Belomys
pearsoni kaleensis ) ~ i > & ( Tamiops swinhoei formosanus ) ~ 7 "L ¥> &
( Callosciurus erythraeus roberti ) ~ 11 % ( Muntiacus reevesii micrurus )~ > %3 j&
(Macaca cyclopis) 2 5% 2 ji (Selenarctos thibetanus formosanus ) o >~ &
RELFR L R0r T RAAADSL (L5585 2004) ¢ > AT S L ®
7 e 4k T F &3 (Mastes flavigula chrysospila) ~ % & & ( Mustela sibirica
davidiana ) % &3¢ (Melogale moschata subaurantiaca) %) 3] & g p 3 > g2 %
ZARFETHRTTADFI I ERF > Ra X RERY O EFREEN G RN
# 5 B & (Mustela sibirica davidiana ) 2.3 %2 ] A 8 Z o f - d P2 el o ¥
oM HE AREY 7P F3] 8 2 (Elaphe mandarina takasago ) ~ % F 2

(Elaphe carinata) % 5 %7 #4¢ (Rhabophis tigrinus formosanus ) % 3% %f °
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ZALET2004 #& 21 402005 F 1 ¢ AR oS B L R Y R

B4 2 s:ﬁiuf I PREER EERMTRN AR ATHT E B 2
AR ALY AT EHAATEOEEENR T AT G 5 TR

* i%a@f’??ﬁo A ,15:5‘?35??& - EH I OG- B ’*ﬁﬁ%’m ’%ﬁﬁﬂ*
AT SRR D R A Ol ) F e BB R K AR L %
DN TSR RESS EE 3F = T T T R ST

E9 % - B gl ok s S g5 2 i B IE (Hatching spread, HS )

SR BHFEXE TR
F(1996)#-F 4 L E > THD Y pRLEHERAEH L FER

E - BgRE A2 F R g 50 X o fRE P 5~6 X ez g
(shaft) % 21+ 7~8 p depF o 322 J3d X 41 0 Rz EALFF > 9~10 f s
I EFAAG B R P Rpre TR o 1I~12 paspEL i L g R

A5 15~16 F #ApFEFILF 7T & o
BN R ARAHBE S ARl B2 L (T I FE A
P&% 10X 2 BFIMEMETEHRPRT « AT % Pl e 655
el s 75 B A EAREF RLPA Gl E P R TRV BT
< 3% ;% D8 (SONY TRV 340 ~ TRV 740) & DV (SONY DCR-HC32) 47515 » i

FABTIEITR SR B T A REAREH L0 FERRY > B

3

B RS2 0% 5 AL B s TR S Y (~Day=7) SRR
@i RMEF RROFRE R AT REDT b FRE © B A i)
- ERE L ERERENA R E e

BT R p B I F 1L X PS> FE- X 88— = (Day
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=11~13-15~17~19) > & % 0500-1800 hr » e4F 5 4% & afeftls £ 8 ni7 5 o
2t Eirhe e T ete 0 6 B B Bt (Ulead VideoStudio 7 0 % =

NE) EPHAE R0 ER S kikFE LA e

M b o b e e

SRR BIREFFHOFPAS Z ST AL AHTIF FRELE
oSy e F ALk S RO E BT 2(JASEVER - ¥ =5 g
3BT I BT - ) o F R (Mitutoyor =5 mm) BlEWE
(weight ) ~ #4& (bill length) ~ > #g & (head length) ~ §tit £ (taesus length) ~
p 22 ¥ £ (natural wing length) ~ & £ (tail lenght) ~ 2 ¥ & (body length) ~ & %
v sef F (White spot) 2 382 ¢ 484 % & (Blackbelt) #®ARLETE 7 & mor
TET o F 4Rk d TR R X § R B AN U A Y e
BEBu] T ¢ B 50ul ¢ % 2 DNA (FRLS B %% o

FEEXYM % T2 9X 83+ 1-2Bd oA RpEd § TR2 LT
LERF AT SLE BRFERRG > £ T g o 2 6% Day =11~
13~15~17~19pF > L0 f=& > ** Day=11~13 PF > 55§ } 457k > T35
133 3 1 7 DNA 5] % LA M T

MulEE gD 2L frep b A R L B ka0 g S ZZ o vk
2 ZW o I BT AR R BB fn] (e )5 LGB G EER R AL
WL foft b apiciE s 48 AL F1 A (polymorphic microsatelliate lous ) % 21 %7 5
vEE G B fed 2 (Wangetal. 2005; 2 3748 2005, ‘4= ) @ H v A

Rz s 8 2 a8y 3@ HEEIRTNIIEE B2 RBEFLIT

X F TR
Frades- K (K#llg) BRERLFI&IES > J LSRN % 1
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TEIFI19% > FE- Ao K23 % (Day=11~13-15-17-19) 2
$rie b o b BEA S IS RE VR IERE X DM EEE ) e
Brerd SRS B F 3 TA R c BEE T I BEATE D 5 A& SHE S (maen 1
SE) 5 44036 (Ap#ic/pF ) > g A a4 5 5 0.87 £0.36 (Apl/pF ) 2 =
FLBRTE T ehie § M G4 5 5 4.03 £ 0.36(Ahdic/pF ) rp b A& SHE S 5 0.77+0.36
(ApB/PF ) > PR o f AR A F 2 B F L3 (ANOVA: F=
0417>P=0.527)> 2 el b Ak 455 5 B8 ¥ £ B (ANOVA : F=88.474 >
P<0.001) % pitulfor b FR iRz FilF ¥ 23 7% (ANOVA : F=
0.142 > P=7117)

ML G A e R E L Ry 2 B TR A TR R
1 AF4e 2% 193 > - 24 (Day=11-13+15-17~19> £ 5% )>
EAX P ERELI ISP TEREAI LS 2 X E 3L b ops

BAdth FLTRFIFLFE > g s FTHNHL

ERF TR LA

FMEMOGEPE LT - R FME M G5 FREE G T
PGB 0 s N E G 5L L EED ’%{'%iﬁ,gjg_é‘,‘#g,\ﬂyl AR AR
EATRE  EATE RGP MET AL ERER- £ R IR RS -
KEEFER TN B N QAR A S A B G A HARG W L E
G SIS EE R AN O i AR R T
AT e M E AP FE Y BT G R A (s - T )

R

(1) &0 & o eppr o

(2) 125 -

G)Mpikfeiy @ AREERBHIITELML =] -
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@ MEman =g AL XA FLIE  Ep B pREE > T
A @ # (2 % - § ¥ (aiming phase) > A5 #7ibeni=¥ (Smith &
Montgomerie 1991 ) °
(5) G4 4 ) G 2 hE 3 R EE 0 EE i K e E e pn
R EE R LA NERET AL o
(6) A5 ¥k T H o
#5
(1) & & 5§ 5 foi § FF enpedt (Distancerank ) @ 5 AL 5 4k & % - §L 5 22
FLE vk B AORERE o 3B S AR IR B BRITME LS Sk
2717 A TL R 23
(2) £ 8% B (Heightrank): 25 £ apF > BREFPHOZ R -4 1=
g AT HE 230
(3) £ @85 (Startrank): L5 %W £ 82085 > d 1=k d > 2T
45 2~3~.0
(4) AR gl @ S ETF a5 gL s B
SRS RIER £ 8FRfrL SHART S ZBFTH R R £50
M2 S (%G 40MEL 8 B5d 14wk 7 F 380548 Fud
13) %7 Sdp b nEafplepr (o PPFEEL & ol ZiEgF R £ &
B RARE ) RIBPH T30, 3 & Y edka 157 2 g s Plredk a3 0 o
WA ARG S Y SR £ G AR oA REERP T 20t o i Be T B sy
%%—%ﬁ d 2 3% rank’=(rank-1)/( number that begged-1 )& # i* ( Smith & Montgomerie
1991; Teather 1992 ) » &3 it {4 1% % (rank’) /3> 0~1 2 FF o ¥ 2edkf § 40
Ak am ikl £ S BO RE A F REFEELY R L S TR R AR
= B iT 5§ hé & 4 v (begging percentage ) °

AEEE AL o BERBHEFR LA TRERL (R ) P45 18

F_k

B84 » 218 6 B % B (3 248 02 McRae et al. 1993; Kolliker et al. 1998 ) » &
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BRI 5 60T ML EE F T 2 4R D 07 ek E BAE K TR

BoArdk & 5 P R M o

5 £ % (Body size rank)

FRELERE RN DR L - R FP R B E G ] 20
RRIE Y SEME X s SFLVEFSHFE S nBd o BF L4LE RipE <
PREFREFR Ll AMER TR kT2 52 3. FREF AL
SEDHEREPBE T anTHE d 307 b Kl d Foomid 3 4pt o
Flpt B E 2 L8 s d 238 rank’= (rank-1) / (brood size-1) {&# i+ (Smith &
Montgomerie 1991; Teather 1992 ) » &% it {4 eh% & (rank’ ) /A3t 0~1 2. F -

d LT AR TS ? SR EDR BT IR LYY
T AFIME PR FI AT AT AR X e F AR E L E H
FSuRASRTHEAY IR L o AT S (Day=19)> &7 S5 7 i

rﬂf; Pm_j_% ift—?ﬁ-%ﬁ%’ﬂw“ IQ%W‘HFL"@‘F' f"ﬁ2004ﬁﬁj—§;’ﬁfﬁj

BoooF o d 2004 E 2R A ML B AAEROE X G AL AN A

T4 > Aot eAfed ke

f g i vg 5 (Hatching order )

P2 K (EH#1I30) ~#1160) THFLEMEME AT DY 281
POALS ST S P FIRAS PN A g F B ARs e o 2
SHRGLBI OV A IRELENER 79 % (FI= ~ Ble ) Tt 2 s
BOW UL R 70 X PR E R LT LA 2 B AR L(H G - &
LrLH 10 2 AARE P LR AT WO R R L) d 0 e DAL o Bl
il BB 2 e R4S d 2 5% rank’= (rank-1) / (brood size-1) % # it (Smith &

Montgomerie 1991; Teather 1992 ) » & # it {4 eh% % (rank’ ) 43t 0~1 2. F o
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LI EA
B4 S Al (trips) @ *tF BLEPFE (3hr) ¢ 0 AL ik & Ahik o

£ & § (quantity) : >*% BLRPFE (3hr) » » MEwr X2 23 E -

i

BLE AL ARSI F (trips/hr) @ T3k | PEARLE G E G 2 4K o

MEMKEL &S E (quantity/hr) T35 | R Ewr L2 G4 o

BEYF L 4L & SHFF (trips/hrbrood size ) T 355 0| BFALE 5 & g ki
SUEE 0 ARG HFELACSM S 5

HMEYHE L 4L &S § (quantity /hr¥brood size ) : T 355 | PFALE 45 L 4K 2
HESFE - SAMEMHEFLASEL LY -

2k itk APl A (%of maletrips) @ 22 & hid Ak G 4Bl S (AL E LAk
ERTCE i AT

2f bk SE2ZF A (%ofmalequantity) : 25w K2 B2 a5 E kA A
BT K2R E 2o

S5 RE S=tdk (fedtimes) : & FLRPFE (3hr) » - #5 BRAMEL &S 2
Ben g e

L BESE (fedquantity): »t= BLRPFE (3hr) ¢ - §£5 BRIEFD RS
ko

§£5 £ 82 F & (fedtimes/ begging times) © § #t 5 & £ S PF > L &
RS SRS SR N EEE UL SRR SRS

5 £ S S E (fedquantity/ begging times) : % § 5 5%kef £ s pF » T 357 JEF
Z8rE o S RESEFREEREL S E o

FABSLE S F A (fed times/trips) @ § M EEKPF > TIOF LA ME k4 2
B SRS IR S IR R L A 9 AR

FApSLE 8§ (fed quantity/trips) : ¥ A LK PF > T L EF2 a5 E >

SEREALIE S BF IS M S Apic -
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§ 4 % -] (fed quantity/ fed times) : L3945 EFREH G2 a5+ | » L5

RESE LML RES T Ho

=

e EILEEE S B2 F A (%ofmalefedtimes): 5§ 5 B TIE 7 3| bk
Y o EATIEE AV AR S WML RS o s R & = o
ek LML ESE2ZF A (%of male fed quantity) : 5§t 5 BRESTEF DS

PR REHET AN SREHVMEKS SFEF L RESE -

AR o i
WE-LSFEPY AL gE - B RE(X) TPRSER(Y) o %o
T8 w §F (simple regression) » 2 15 £ Ip % Jg 5 B p ¥ dc{r o R bl % 0 1T
A W"ﬁrﬁ ('multiple regression ) » i % jg F]+ 2. FF ¢ 3 ¥ % (interaction) § H
BEPE, 3 v 3 i - AT Bl - LY s Bt Bt
37 RBEig oo FIpL R Ao x ‘}"Eﬁfﬁ_’;“ (regression model ) ¥ > 122 7 & 2 fF e
B AARAP O FHORIELER- B BT EAFRREL T H W (repeated
measure experimental design ) » 71/ #-F — FLE L BA T w ffess e o
BAEE B Y (Nested) "$760T g o d >0 Efof s (B E ) B2 75 228
My ek E R FHEFG P 0 544 7F]F (random effect) » ¥t % ¥ 2 gl & X
PEREFE A2 KT gl 0 FALT 2 555 (unbalance data) > #12 REML
(Restricted Maximum Likelihood) = /2 F 447 o # 2w Eﬁ’fﬁ:;“ RN
RIEA L (residual) &7 & wFanBx vk > 7 # & 2112 Box-Cox
transformation & {7 FAL#& 3k > F A 1L T AR L T arcsin 31 A BT AT o p
V2R BEE LFHNEP F T E R 1 BEEL (meanx1SD) &7 o
i % i3t ot JMP 5.01 (SAS Institute Inc. ) & {738 & & 47 o
BAREEAYY ARPITHATFETEAT FREFVLAGRAIR

t-test & (THiP] 0 B A P A& FAA T 0 B @ * Mann-Whitney U test & ]
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BARRIAEE MBI MERF M B B2 ARG 22 rpulit s o

—

Lo x0K A P e 2 7Ky REEP LA OEfo2 LG RFGERE BT
AATER TR R (E#56(0) ~ Vo)) Bt PIAG M Aokl W E Bl hpF
RIE 3 247k pFE 5 i b 2 e 4k 2 5 & (within-pair offspring, WPO) *
BERBEFROL (2 45) FZFT Y Bidld s fodatmdi gl 2 2y
FoRlag B 0h o Flt g g O A wRFERC Y A e B R £ 2 g as
M AL GHME R EARR o ¥ b RIS ] (SR %) fow
VER 2 BE G v EdEn] (RS M ) § YRR B EA T $ic 1Y
BiEw Eﬁ’f (logistic regression ) i& {74 37 o

BB T R B L RE SR WE L MER L2 P EPa Y o 1

19 PR 5 R R R e

Sk

PBEEFFTRAI-HY & 73 EF&BD 1 £4r
T2 KGR EAERE Rl AR T (£#560 - 910) -

AL L AF A EREMET L S REMELFRDTRAT TG RFE
FRZ2OIL LD » 3 fEdmi k@t c a5 £ 375 ? > 4
BLoFihl(ReDMETRETIER - LIFR LR LT AW)
FOTRRE TRMSMER L TR BL 2 RS BRATETRL LS
Fe?2d wripk a2z BFE 7 THd @A LF X5 LME AT REFRY
L8 a2THERS - BERBEFTTHNAT T 1A S 4p B2 B (pairwise
correlation) 2 f&iRlw BHLS £ & 7 5 pHF Hip M 1L -

EAEBARGFT LA oS BREE X BRSPS RERGE L - BT
FLBE RGN TR o TS f ¥ J R R R LR G A ST
T S E RT3 92 2002 22 h bk SAplic (R4&SE) 2 A A =
BB BEMEN S R2F R RDEY EETF AR TR L
G g ? sl ddeef O S #lic (% of male offspring = number of male
offspring / brood size ); 15 & 3 i ?h 2 fed e 2 %> 50 E 2 30 1
o4 F RARE K Sl v bk £ 57 (% of WPO = number of WPO / brood
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size) FRAFEWHIE 1 TRLAEY B fI: Ao

ARMEDEE AT P EAMRERL S oI Tl 2 Ti0E R 2
95 %13 ¥ % B (confiednce interval, CI) » I 14 Rayleigh test 4 %] 2 & P& - i 22
EArp b @K e e T =l 13 L AR el e A G L
#i4 o £ & * Watson-William test +* = — & ¥ B E & i B fodk 8 9 ahix
FARAR QE R A TR Y PR AT ok Y P XL HRARS E 2

CE LT A0 @A mERLFF LHLABTRME LR mE 2

BMEARGASF > R EE AR EHE A ERFERY g a
(RRESE) TR - BERB IR EE AR A7 UL L 8175 4
W MER L TRIETL) R R AT PRI REFE i
GELATERNEIMEORIET I IR MER L2 LB (NES
E)ALTAR 7 TR EE2 a4 [ LFR 75 KT RG REL S
zZfpp ke A (AESE) M RELeF iR E T RS VAL Ir
MEMIER L SBRIcL SR BREEL TR FAe i ph, T0R
SRS ESF AV (SESE )P FIZME DL S A g BFINES (S
BER)hs B ML G A for wEHN Y B RS EF A LR
Bz Rke=k (fAREaE) £ 2 RPIFFPMEZ ML AET&KIDRE
FEFEF AR -

Jw.

deh ik e A AT ol LRSI (A ERSE)
BTSRRI R e flc dR S R s RA S RO BIR S A
GAplc (Rek @) L A IEL B Rl AR AL R Lol b R 9 B ek
GV BT E AV ETE G R Q00E AT AR e dlic s fE ER S R
AF R Gl R g bk G AR (RRSE )2 AV AIRMEY 25T R

WER LML 2 Bk (MESE) 2FAVETFRALDLE?
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2 &%
32004 £ 402005 EA GBS BT TRl EFFLERY KT
(%) AP G A Eger LHTaE Y 5 2 HAe® 22004 &£ 3 2005
£ ARG kAR el TIF Pl 5722 £ 0.669 f/5k 0 T IofEE
4667 + 1328 &/ o & 18 K% » F I3 KW FIRF2 LT * NEFAE
FHzZA 3 NS RF TSR TR » N RFREL G700, 84
AEez AT B NG R K AT AR X TS 0 2 es > 2 2004
EFELHE o ALE LG EFER L B e 1KY A R
FkEFA > £ 323 (TaE £ A4452909 + 1.375 % )2 96 | FF > 1221 4pék

G HY g TAS A K 4764 -

A, BHAE
a. g AEF TR

2004~2005 £ A L4 T2l 11 Beph o b fapp A E
LB (%= ) B%HET "f 7 a8 E (male: 110.56 + 4.67 = % ; female : 104.80
+ 510 24 >P=0.020)f-2 # % (male:21.33 + 2.31 = % ;female: 18.68 + 2.39
B P=0022) R BIEPY C REFFFVUEL S ARV EEAT I
W B2 B EEFAR o A RTNE Y o Y AP T v E Y

FHET R 2L B o

b, e HBEME ~ BiLER 2 PIF

FL dwv

2004 EFHEANT L 28 LEEE Y > aEE 5 98 o uprar s 19
g ,302005 2R ll K 056 §4pE ¢ o e g G 358 o ppi g g

20 & > A3 & Gl 5 44 % o vpthar s 540 & o ept BT 1 ]
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2. frE ML mitRE

LR uE K AT (Fr ) FFX DT ol
Fo S F VA ool > L E R LE B 2 (Day ¢ coefficient = 0.292 >
0.001) E5EF ¥ 4% B 4o > L5 WL 4o F B b | (Day*Day :
coefficient =-0.067 * P <0.001); 5 8 &€ 7 A ¥ < FIFLE B g B chl 58 4%
ot~ PR sAxw g 5 £ A% € (Hatching order : coefficient = -1.168 »
P<0.001 ) r2 Szt el 4 & med i B 1S i g (s 4t 48 £ & B F B2 28 (Offspring
sex : coefficient =-0.030> P =0.827); %% b 7 < #ic? > L5 P 0| $H £ 2 3
Fal5 BFLE (Offspring sex*Day : coefficient = 0.069 » P = 0.195) o “&it g
BAckt & 4w & & % % 49 ¥ > Ln(Female / male ) = -0.768 + 1.554 * Hatching order

(P=0.123) -

C. BEMGMAHEELWE - BIOER 2 T
1 ® o fd R

2004 ERANTEY (27 ) 5 3% (4286%) F w2 i7i o
Hoe 4 A 6% 5 - SHerpi s ar T o LS &b ED 1071 % ;
2005 # %1l £¢ >3 24 (18.18%) F ® b fe 75 2248 % 5 k- 4
fe®ar ¥ > Bt et AR RO TI4%D EHA EDFH I8 K X

455 (2778%) % W fes Fa o mb A N A EE833 % (FI ) -

2. MEME EIER

b afed Ak AT (20 ) FELITHI ROPE
FUMER o4 o L5 R E 2 3% br b 2 (Day ¢ coefficient = 0.503 » P < 0.001) »
EAEFE T MR B e o BB W E o 4 F iR ] (Day*Day : coefficient =
0078 P<0.001); 5 4 E ~ B 5 % FIALE M0 A e S50 4R S g d o g 2
s Axw g 5 #8 £ A8 € (Hatching order © coefficient = -1.156 » P <0.001 ) » 12
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PR AIEE A (S o BB R EH & A F R (Paternity | coefficient
= 0228 P=0353); t7 T HER HcY o LA AHEL ME L BB BEHY
£ B (Paternity*Day : coefficient =-0.020 » P = 0.808 ) - ¥ *t % fie F * & A &g ¥

¥ fag it > Ln (EPO/WPO) =-3.214 + 3.075 * Hatching order (P =0.133) °

F AL MRS M AETRE W BT R P
BE i frd - PR L i S MG R RS ARt RA S

K B A o

d. “EOERE TS EHBELNE L BE
I $t5 i T

donE R KRR BB Y - el fokots - Spdigp s Ao pr
o FR T AT P AR § S K0 Y Bk R G foRos ) g 6

PERF 4R £ 0.963 + 0372 % o

2. MEME

BAEME (- ) BFLII T HEARE LF VRS e ft
ERE S 2ixbr 2 (Day : coefficient = 0.274 » P <0.001) > fe 7 #1% Hc¥b>t 4
HRRE chf e X 2R o SEF T AR B e o SRS R E e e SRR )
(Day” : coefficient = -0.071 » P < 0.001 ) ; #i & % & 7= 37 % 5 F| 1L g B 97 3 58
ARG med) v PR sAkw e b 4 € & F A% € (Hatching order © coefficient =
-1.038°P<0.001)> ¥ &7 ¥ 4% Bc? >V ERHME AR TRAE G TR
ARFEIT T SL(S P> M E X P 8 B e 4% -] (Hatching order*Day : coefficient
=0.118 » P =0.038) > Day = 11 p¥ » Bt g B 48 & 2 58 #ic 5 —1.379 > Day =
19 P » it F B R E B B e i 5 0435 0

FEEMEN TR Z R Rl RAELY HEAL b iERLHE L
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2 AR (B- ) BRAF P TIEK  BEALrbhimERBHIPLY 122
o R R EfrhERL T 2 AR HEAERLBEZ Vb EF T e

B4ed BOIRLE bR ] 2 A8 (BN ) e

3. MEMER L
EMEE L (2-) S RaTH - L@FE L b (7 Flpt 74X it

f 15 w F (Day Day’ s P>0.5) fe 45 WL £ 0B F £ 80 A TR

TJ'..

&

Smdiengp f A E P L3 ¥ » v e (Hatching order © coefficient = 0.577 »
P<0001)>® A7 v 8y > HOEAFAEMER LOPTRRF 77
o ARIRITT HSHE  EE M E R L X Pl R gl 4% (Hatching
order*Day : coefficient = -0.072 » P <0.001 ) > Day = 11 p¥ > ‘it g B 4348 & B2 58

ehizdic s 0.785 > Day = 19 P& » “Bit g B 4448 € B2 5 eniadic 5 0.209 o

B. ##5 ¢ 3 {7

a. £ 8L HEE AR
ﬁwmﬁﬁéé%Fé%%ﬁﬁﬁw%ﬁ(%A)m%%ﬁiﬁﬁgé%%

Fict a8 & (r=0174>P=0.001) "% £ & SERAcs ap At (r=-0.107 »

P=005) + FlEMF kR ea A il Glr B3 A e BaE

Bt amihiEtiafleas Fit A R3O peR 0 £ L OERL S o

b. 4 & HHLE oM L FiEd

AT AEE o FIE (24 ) 7 XTI B BEPREMES £ Gt
e € @ 2 Ar 2 38 (Day, Parental sex, Body size rank : P> 0.05) ; % F (%] eh
FEERF T FRERE Lot foi s B2 R4 s 37 % £ B (Parental sex*Body

size rank : coefficient =-0.075> P=0.188); &7 F v X #® » 2 FH L -
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5 2 F v mAF L 2 (Body size rank*Day : coefficient = -0.004 > P = 0.767 ) »

c. £tE3AR

MELSMIRR (24) P XTI BLTREMEY £ L P
T 28 2 (Day, Parental sex, Body sizerank : P>0.05); % % ai 5 &
K 2 FWMER L2 £ 83 RS 2 F LR (Parental sex*Body size
rank : coefficient =-0.049 > P=0.169); %% b 7 X #ic® » 7 BRI £ £ &

B2 F ks m% % A B (Body size rank*Day : coefficient = 0.010 » P =0.218) -

d. £ 8m%ER

SrERE L aAE (£4) 2 X 7T s BETEE BW TR R (Day,
Parental sex : P>0.05); e 7 M ER Laftl 24 8A G T3 ko> TR
dE P LRSS % %R £ 8 (Body size rank : coefficient = -0.066 © P =
0016): ¥ 2 Mual g2l  MEMER LHEGRAEDPTRRT HF
% B (Parental sex*Body size rank : coefficient=-0.119 » P = 0.006) > % 22 5 & &
PFoSEEMER LHE SRR EREL 00065 FrrEERPF L TP
LHE SR DREEGES 01255 TRt Aup BB ER P B E R B LR
S E €V HERE R LRV DL {3 REL S AT R TRIEY IR
WER Lofpb 2 £ 3 AP &k FLE (Body size rank*Day : coefficient =

0.004 > P =0.687) -

e. £ 8 A

MEERFOSEREL (24 )3 X THMA B EX TELE BN
£ aflh P Lo R 3 (Day, Parental sex, Body size rank : P>0.05); %
MuaLE L A RMER Lo s 2 5%k 4 8 b)e m ¥ L B (Parental
sex*Body size rank : coefficient=-0.088 » P=0.979); &% 7T X #&* > 7 F
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WER Ll b 2 F ks 5 % 2 2 (Body size rank*Day : coefficient = -0.548 »

P=0467)-
C. R5ME 3
E LYY

EETRI BB A ME N F AP LA S P F R S IR AR R
2 AB% (B4 ) 2@ HBE ¥ ER- k2 48% -

P A EELREEY L AR S AREC RS T S L AR SIS
MEMEFL A EMEFLIRL Bu o B (22~ 2 - ) g
ek G4F F{odk 8§ ¥ B F 3 Mg 5 (Parental sex ! coefficient<0 > P<0.05) >
AETEGAR S i ¢ ME AR SAF 5 4 A% F (Brood size : coefficient >0 P < 0.01 ) e
L HA ST AR S BRI B R L AT R HA T
BEASER R LIRE B EE (A4 - ) 2Lk e Ffoks
m B ¥ %> e 5 (Parental sex : coefficient<0 > P<0.05) > & &% F fficenic ¥

PlakEx 22 (Broodsize: P>005) &% b v X #ic® ~ @l ¥ £ 8 (Day:

)9

P>005); a2 v ic? > 3 MM E2 F ks @ F £ 2 (Parental*Day : P

>0.05) -

. i SApl (RESE) LT AN
G b Gl F A (AL ) e kG R (AL2) A
T B frfic s MRE MR S RA TR A Rk Y FEEFLR (Day-o

Brood size ~ % of male Offspring ~ % of WPO : P>0.05) °
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d RE&S =R

BALEFEPBERDIL L 2 h T hzel fvplh o H 2L 8y ok s
RSN EzZ 2 LA R (B +- )P AEETHEE (1w ) ¥ty
W k8% (Rayleigh test > all P <0.001) > 95 % 8 & B ¢ [ 60° » &
MEEESEE KL RIFF (angle: 0°-180° ) LA AR ST =% 2 & & ¥ =+
R ENRESEE 2 48 (male:9/9 female : 7/7) AL KIS EE 2
£45 2 RIpF (angle: 180°-360° ) L EEE S =8 2 4 B 5| * kG5 =% 2 &
B (male:1/2>female :4/4)> £ M EBL{S 7 g LA P BI o JE74&S -

b

4\

BARMEEL SRS T R AT I RFLR (21T ) 5T
ik ¥ o 3 5/11 ek BF AR (Watson-Williams test © P<0.05) > & iz 5
B¢ oA =g TEER2Z AT 60T; RrEEY 0 F Y1l KNG REFLRE
(Watson-Williams test : P<0.05)> e H ¥ 55 2 5 =8 T304 B2 %4 <
560" (#116(0) > #66()) > Flpb » BEAME XS B frik G H =% 5 “TL B »
ed 2 i 53607 o

WAL AL K 2 F X FF (217 ) B%8T o 29I &7
e hirrpb e KiS =3 7 BF LR (Watson-Williams test : P<0.05)> e H @ »
4 25 (#1130) #97) A =% T3 B2 4 & 220607 h6/11 K¢ 52

v A

ferpb & 5 57 B F AP (Watson-Williams test : P<0.05)> 2H ¥ x5 3

-3; gl fiﬁiié"i- }i—l ‘}\ £ = 3 60o (#113(0) > #97(0) > #116(n)) °

D. .5 & § & fie
a $HELSAHFLAV AT RPEEST AW

P A GRELSEAFF AV A FARRE RS A (L2 ) Y RS
BEPF S ol E B oiERRIT~ £ S A RF - REFEHRL SfEE MR E &

& 2.7 %~ #% (Distance rank ~ Height rank - Start rank : coefficient < 0> P < 0.05 )>
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DAEAMBEESF AV o £ AT A RFLAERLL REZF AR

(Begging percentage : coefficient = 0.23 » P<0.001 ) > 7 88 € £ Z g § pie

EAG2Z P A5 ¥ L P (Body size rank : coefficient< 0 P<0.05) > & f&
TR LEBRRVOGELERBEAGZ T AV RE BT RE P LT RRE D

MEAELE LT AV RN TRAFKERLEST 2 2 F B (Day:
P>005); a2 v fidc? » A FHER Lo HES T Ay alEF AR
(Body size rank*Day : P> 0.05) °

BUEBEELPF O folE FIEMRIT £ 98 RIRE ML > MIEE &G 2Z ]
/v # % (Distance rank ~ Height rank : coefficient< 0> P<0.05) * &5 4hft 5
EAF AW o L AF A VARG MERIPE AT 2T A4 3 (Begging
percentage ® coefficient =0.3 » P<0.001 ) > fe fft 5 skel £ & 2 1 F $30 6 § Al Ak
887 gl F P (Startrank : P>0.05)° Apf>tze b m 3 o 0ph Mok sl E
PO~ P LR (s g g o BE AR B3 b A iE 1) B ¥ (Body size rank : coefficient
500 P>0.05) T 4% HAHEL ST A AMFHE (Day: P>005); b
Prfrid? » A RWER L HEST Ay B F LR (Body size

rank*Day : P> 0.05) -

b. At SESELFpREESE

frEt ska o Ahsr s B € (%~ ) ¥ 51 Box-Cow transformation
Y'=Y7 o i) Gl b BLAfERE ) fo- fEHEC ol F o A HE AL £ 8
e B AAPME LI EY > FREBEP oM EIERRIT £ T3 ARE -
B SEW £ 8 g g E § ¥ #2% (Distance rank~Height rank ~ Start rank : coefficient
>0°P<0.05) BB FAMEESEY -~ EERFL S22 FH BN AT
FHF (Startrank : P=0.104) > 2 5 303 PR ER 2§15 L8 A ft F
Mo BERE P LR sk s JE S ¥ #&F (Body size rank  coefficient
>0 P<0.01)e T iy, ES TN AFFEE (Day: P>005); &7 F
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THAEY A RHERLOELEEESE Y A F LR (Body size rank*Day :
P>0.05)-

FUEE NP o B FERIIT £ 83 R B 4L JE 9 £ - F (Distance

\

rank ~ Height rank : coefficient >0 > P<0.05) 2§t 5 £ 8B ¥IE S E P& kg

e

¥8% (Startrank : P>0.05) a3 E A Z o ¥ e B BERIE P L
BB ELE IS G » BRR A AT F (Body size rank :
coefficient <0 P>0.05) v X #cH M EE S E R &2 FF X (Day: P>0.05);
AFA R TEIEY > AFHER LML EESEY B F LR (Body size

rank*Day : P>0.05) »

WAL MR E L > A RMER L2 T HEFIGS P < ] ]
(L= ) ¥ &2¥¥LE (Bodysizerank : P>0.05)> %73 3§ ¥ 7 ¢ #-4
WA NSRS - MER LS T RS B RS EF e 1]
Day : P>0.05); 272 F ¥ < » 2 PR E R Loy HER

Ienad+ oL B F LR (Body size rank*Day : P>0.05) °

d. SEERESTFEHRESE

WA LEEREI AR REIZ Y (AN ) RE LI MERE -
LR afow g 5 e 5 4 8 (Body size rank © coefficient <0 P<0.05) @
PEE R b ME P 2 LR BRI L RS S o B N AT
# % ¥ (Body size rank : coefficient >0 P>0.05) > i i*uﬁ&% EEA MR E 28
EaT kAT HESE (male+female) m 3 » 2 FRIER L2 MERF T g lg ¥

% 2 (Body size rank : coefficient<0 > P>0.05) »
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e ERHLESIEK (RESE) 240
PmA il LRIz A (AL )R REESELT

A (R ) P P RFLIREMER Lo A Apl (S E) 2

}4

FAVOEE HERE P LEaRD LIRSl (REEE) Y o 2

o

B ATk ey A0t B F B (Body size rank : coefficient< 0> P<0.05); % 225 i
Fheo Siplic (ARG E) 2 AV RFPF- 2L fLEES T (&

8 )2| A s BEFEFRSE (% of male trips : coefficient = 1.097 » P < 0.001 ; % of
male quantity : coefficient = 1.052 > P<0.001) ; 7 #ft = fic ~ #frfic ~ fL 5 15
Fad & 0t bR & B F 858 (Day ~ Brood size ~ % of male offspring ~ % of WPO :
P>0.05)c &7 % fic~ EBc- FL 5 ulvt s R A 3 Rt b s 2 h b Ak S Al (2
HEB)ZF AV I RnEY LR FHER LRL 2 ESHK(AESE)
ZE A ek T F LR (Body size rank*Day ~ Body size rank*Brood
size ~ Body size rank*% of male offspring ~ Body size rank*% of WPO -~ Body size
rank*% of male trips ~ Body size rank*% of male quantity : P> 0.05) > 7= T % 7 f
TH B B BRI C RAF R b 22 bk G ApE (AR E) 2
FAVAIRSOLY CHERSPREEES I H (MK E ) P o E by

AR ?Kﬁ@% o
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-l
P
1\

A. BRAE
a. fEEMEL BB TR
FLRADPEEY MEE b AT Bt - &wm—si&ﬁé b AR > R AR R B
PE ARG - EIE 0 blde B R S FIS PR B A R TR P
g T v 4 €L F PR @ iR pranT '8 (egg viability hypothesis, Arnold et al. 1987;
Veiga 1992); 7 @ 384 nfr § e S 4L B BT ALY R I KF G2 b %
(nest failure or predation hypothesis, Hussel 1985 )e X @ #it & ‘&1t c17 |7 3 § i =
SEERE 3 T AR > s LR feE LR (Parus caeruleus) ©® > B % frokoaL
s T35 4p 4 1~2 X (Slagsvold et al. 1995; Amundsen & Slagsvold 1998;

Oddie 2000) » ** A& g 2 F# L g ¢ » 75 Aple 2 48% > B S frd sl HI 4L S
Tiaip £ 0963 + 0372 % > fHE VR € F R ASEE DM E b oo RS i
FLEMEARL R A EARFMEZ PR F TR B A B0 (25 )

NTE Y CREMEZ R IR FARY ML E T T AR S e A

e

b e o R E R A F AP F T AR B e a BB S (A5 ) e F 1A
(1996) * R 5 F LESEME AL IS 12~13 3 F|E 3% > 2L 5L
BB E e DU F I B2 FT o FU PP S B o S5 TR
Frenn 22 L FENHMEL e A WL 2 FT o
EETRLB T i P (N=18)0 % 7 I Z] Rt 2 % 1t #h (Bl4e 1 2004
#6727 28377 3pAFIRR R KHI03ME B R URES T ) AT
fL g F) 5 Aek@m 2= (brood reduction) > P A e AR#iceni P o ME & PRt A
s afEsfrka g P YAHFAR (51— ) FIRARHFETHR
BEFT R METMI LRI BREEPHE2Z L8175 (EEE 2006)¢ *
AT o Y MEREfrbdE 15 AW E P2 LI BT g0 A0

12 25 (B= ) AaA SR IEp Tl E Sl 2 SR F 7 % &k
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S 4o m R (BN ) Tl dERIREE D M 2 B E R RS
E2ZRE - AF AT YR T CBERE VIS BINRELLL FES
(Magrath 1991 )> & 35 = L % 2_ % 7 (Perrins 1965; Garnett 1981; Smith et al. 1989;

Tinbergen & Boerlijst 1990) » F]pt > AFT 3 2 5 F L g %HH P > 7 b o BiL

ZEENRE D ERRT  REREPR B2 3BT L ppE o

b. &%)

BEAR G g L AR T A LB P 4p 0 (Lessells et al. 1998; Oddie
2000)0 * LiEH EREE L I8 S R AME PR MR D A 2k
TV EREST D 22 2R A frHE VPR E R 35~4% 0 2 R IEuERE
ARE L A BN S ST RS EWME - AR A S T RES
gzl {3 F (0ddie2000) #a 27 2 F 4 L% AREE ¥l
L AERMEYI2~I3 D A e VE s (22 ) PR 2L 2
TIOME o2 F TR FF L (FE =5 1996); AT eE b o5
REHEBWIEE L ATIERFAR -2 PB4 E AV Y AP A2 h3R

FHOCHMEY T aRF LR (Fe ) 2N REA RS R FME

14
IRy

PR BSES RS P A RF L FALEY B S A

Bo M E P EEFOMN ARG A

iPT el L BERY Fibr gt L2 T (e ) A
‘g i b frezo vt ) £ 3t 27.8~44.2 % (Krokene et al. 1998; Lubjuhn et al. 1999a) ;
EL g o2 ezt B A3 31~68 %( Kempenaers et al. 1992; Krokene et al. 1998;
Charmantier & Blondel 2003; Charmantier et al. 2004 ) ; % L & #& *F % fie 2L B 4
** 67~83.6 % (Lubjuhn et al. 1999b; Dietrich 2004 ) » & &F 3 2. F % g ® » &
2004 7 3 B ATedE P anT B R Y G 3B EG B e ) (4286 %)
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2005 # 4T 1l BEP § 2K F BN (1818%) & #H A &
AL § B R AR K2 2778 % fox LK A Ft BIARIT 0 v B

37k (2005) W B F X HHSR T ER AT E RF T LER AR
2B (0% 25% > T395 18%) °

BEAR AR LMY AR 2 ARG M G ] #1 (Riley et al.1995; Cordero et

i

al. 1999; Dunnetal. 1999) e & R & 5 f& ¢ Rl & P RS > X L frF L2

Y 0 RAS SR At R AME HBEL 2 ERFoREd RN

*‘;

# A B (Krokeneetal. 1998)° >t A7 % 74 TIRAPF E % » B A fed A 12

FREFRREL > AT T REFALR (£ ).

B. g5 £ 8175

AEL BTG DR H F LTS B L BB E chin
Ao MAER T R B BERIBTRE I v L a7 E Ko™
TE L 8FLT AN E G &3 A5 i (Harper 1986; Smith &
Montgomerie 1991): ¥cZlenéd 8 75 ¢ 2 TAREFRE > o - £ s R L&
AIER O F S LR O R RELG VNG RPML RTRIET -

ATy e i il ehe 87 5 (Ryden & Bengtsson 1980; Stamps et al.

1985,1989; Ploger & Mock 1986; Smith & Montgomerie 1991; Teather 1992;
Kolliker et al. 1998) frie i @ fp 43t E hiz ¥ ¢ BB E EF &S d 5 > #
Wiz B AP L BT RE AR ARl ERLT T FERE DS
o frg €3 L LY Ryra= ¥ (Muller & Smith 1978; Ryden & Bengtsson
1980; Bengtsson & Ryden 1981; Gottlander 1987; Smith & Montgomerie 1991;
McRae et al. 1993; Kacelnik et al.1995; Kilner 1995; Cotton et al. 1996; Leonard &
Horn 1996; Ostreiher1997, 2001; Kolliker et al. 1998; Kolliker & Richner 2004 ) - #

7ok Ao %i’gbdv“"'a,%\’ﬁ’aj‘ﬂﬁﬂ%ﬂf o b FESLHRT 4 apE ok
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TRERE CER L A BIRE RS R B ETRE (12 ) B
EEfe S BTG AP R BB E PR RN L SO F KRB B

EEaS Arp e L L ok £ SRR PRI EE RSB IR AN ED

2

Vo 20 A E AL L SR Y2 ARF 7% BE LT Y BT AR
Kjgf o by A Ldy o RE DRI RTE YT RS RS BT &S
SRR o e AR E f TR PR B A B (2 4F 1996) 0 Flt
WEITVEE A 3 0 B RSTRIPBR G > FRLELRF £ 23 ERRKS
SR L B2 MG FUERBEPE O MELE RV GRS DEFR I BT 0 s E
SR L G2 EA T AR L EFAS Y E anE B T3 o

S BPHE L SR bR LR RS
doHp Al S ) > A R AR PN T A E LG T S B RS (1)
Bl SR ERRE DR R (2) - Ba g o MARS DL T KRBT RS AP
i o R ERE - BRS PP RS &S S (3) HAR SRS RE B &
RLE TR S R REER S e fed - BA A 0 M e
oL gt b € {7l £ 8 (Ryedn & Bengtsson 1980, Bengtsson & Ryden
1981; Reed 1981; Fujioka 1985; Drummond et al. 1986; Gottlander 1987; Price &
Ydenbeng 1995) > k3f4v p 2 ApAR GBS > B RB R T P ES BV s R A
MEREAEE Ko AT RS P PMEP L2 5 kT ol s e
WAL RFRLAPA T aRFALAR (R4 ) FPARMEFTLEY &
PREMER LG AHE Y AR (1-220) £ g3 345 AL

BRERA V2 LR WMERE DL T 7 €2 pib{oi b IERFEIT Y K&

a

BhE >t SEL 3 BILRAE B R -

F_k
|

BT g g G ehd 87 L ¢ X Pk 2 4P e Kolliker et al.(1998)

WA LE 2T o A BBE PRSI T K@ X s dpg o
E AL TR AR ARSI RS P RE A LTRSS
M AR E TR A T LB L AR Ao FIRRi L HE A 3
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B d bt kR RIS RA L SR BTG R S S
G0 J chkrebe AR R 1 0 # G 815 (food-deprived) § 4 BTEEE 0 144 Sk G
Ak Dk (fed) RIS &A B OELE B e AL A0 § AT
AFEE Y BRI R TALL AeBAR R DR Sk 1T R AR S MK ST e
R VR L BeeE (5 L - ) TEME e B2 G4 4 ) E
def ateph (EEE 20060)0 wA 7 sl a4 £ 8 7 2 B
L ESMERE DL RS RGO ML APHE S WE R ORLE B ik
G BERNET L ATIEY (242 FIUHRRS RS HY T FHERS
R ERPLRALFL A AT ARE AL ST LI R AP
(trade-off ) » M ERE LS @ 5 > 225 ¥ it LI F NG P Jik o v 5 PR
Lendd kR AHMERIERE 7 203 BRE T o LR iEnsd k(e
RIE XK ARG RC] DS R R G M F e R B - B
BEn G kR ) A RLERE AR KT 0 5 & RAEF | Mo B B e
REBRBC G T RIES T AT Y RS R D L kA
ArphieE o L REPE ARMELMET ALY LAY I ETA
G E LR M RIS TR AR R R gl [ % R

ANy EEAS GF ALEL K L L ARAT A ¢ BET &5k

7&3

BE e

C. RLEA/ST3E

FHREBLEE BMEBRSH I B LY TS HOEFT
X Heehdf de B BRI 0 2 R L forpl 3T AP i E (R4 ) o R R e
Bengtsson & Ryden (1981 ) ** = L% v 2 38 ( Turdus merula) 2. %2 3 © 1% 5|
hiF SApi o RIS R FHE TR ALY o EF T AR oy

dvo FRE PPREEIR BT U R DRE 0 ¥R 2 L end oAk R AR AR TR B R
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HALE NS 13X FREASH > FARLEY e RITL S
S s A 8

R RS R R S S
WP K S ATRE 1535 NG ARk GRS A B L e 1
%

._\\

5 AR
GELEHY NS F O RFHREFL O RBEF LT ERE IS 2 FA AR
BghZ F oo ¥ b fE stk s L s AR KA BARBT AT ALY 14
AR OMEAEBE D O BEVIMEEL D > ME (L ¥ FE2E ) BE g

B g K LS © BT X2 ARE EE TR AL 8 5 K

#llfo k#1160 e~ SE5 17~19 A o s A 3 ik Bk » v

flm
™

fet G0 AL (FEEAL ) RMERAFC AT ZEER LY g HES AT
FREESA IR EHNEL o A L fow N B (Sturnus vulgaris ) 22

7 ¢ (Bengtsson & Ryden 1981; Kacelnik et al.1995) 7= % I @ *T L & 3 5 w0 chfe

—

SHEELY CBEE R €L B KV ok - fE RV TER L v S IR
v (EFAHMERTZME ) ERELREY R N EY Hs EE 5L S
EHTEEAA&S *’@xf%p B2 HFOREF R EHE 2 EAL R
F AR KR R T A R ERET RET T HIERRE ki E
BoRWAFTLFFLEY > FRABRBIGHRERELLNR -

L ety @ (Kolliker et al. 1998; Kolliker & Richner 2004 ) 4 .+ WL

&
m
g
IS
el
=
T
it

G ORAKGHRL T ABME §R Y AR RS
s RS EETAAE R ARG R N AL F LR A RS

CE AT EREF AT ERM (At ) M RE BT gAY

s (L~ L - Do B Il £ ¢ @4 2 % (#1130~ #97) H# 3 {4

MEEE SR FHFLB T A E220607 BF 3EHAMMEMET 2] 1

4%‘:
r_rw-w‘:
‘hﬂa
=1
P
f?b
A
A
o
(o))
[a)
\
F~
[ite
w
it
T
\‘n‘l

£ (#1130~ #97) & I - H22
PR 1 R o (B A BRI SRR 1 20 20042005 & FT B CFR AT A
B (2004 : #103(0) ; 2005 - #91(0)> LA XS EkGm =% 5 AP 2 o F] P FEP
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BEFLEY RS REGEE RSP EET KR LV RER &
LR TR TR R L A LR

EER A iy K& GEE o

D. BE&S AP

PR L R AL T EES LT DROT AN T AR
2P AB A 08 R P e b Rt ] U E R e K hE g4 B
Aot - v r A R SRS Ea T ol A5 TR B ARSI F RIB R
ME g do EAE AASEE S FERIL RIS L SRR TR RE S H
Bof 1 97 38 (Park & Macnair 1979; Parker 1985 ) 2 4% 8 JEEE T ~ £ & % B &
et 0@ & e R AL F e p J 2iz (laissez-faire ) 03¢ (Lockie
1955; Ryden & Bengtsson 1980; Bengtsson & Ryden 1981, 1983; Reed 1981;
Horsfall 1984; McRae et al. 1993; Osomo & Drummond 1995; Price & Ydenberg
1995)c Am pd iz A7 R g S HEF af s feint 5, REL )
ot AR RS ER S 85 0 F AR S RF o

Rm - EMBY > TPFRME G AHEHALS 2 (7L (Stamps et al.
1985,1989; Gottlander 1987; Leonard & Lorn 1996; Krebs et al. 1999; Krebs &
Magrath 2000 ) » & 3% .l % 4 & #F (Bengtsson & Ryden 1981; Sasvari 1990;
Slagsvoldetal. 1994) &3 ¢ » A R E2 45 £ S pF > {oiL § B EEHE -
EABRELAGEAVIGFAFFAR (2N ) BRAMERIT S Arps &
S EREEEL SO RMEERL GVERT I PFEE RS ER > T

WarpEuadlEei@m 2 FHE2Z BB BESHOES ERIEHF 1
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S PR LR TWEEEL PN SRS TR T 3% L

AR AR (R )Y g e M RE g RS (#

BOR) B3 ek ERF O MR RRL B T (RS E) B
B ATIEEFLE I APRE G GERARS AR - FRA L2 GFMAL

%i@iﬁﬁéiﬁﬁﬁé%ﬁaﬁ&( BESE) A5 () 2k
ELAERRBFLRA -FIARIFFLERE G RBRME L IFLLRAR
EEEFLSRMREVR T ERBARGZFTL T ABREH I FHE LGS
Uk G ERAP R, Mo kS EHMEREZME VL RIIPHEY Mo &8 EH
TR FLE oA L WAL S Az £ 82 4 k¥ Slagsvold(1997)

a.F & u] i (The offspring sex hypothesis )

B

\“5&

Rt g S SRR R RIS K TR R 91T

(Smithetal. 1989)> ® f— & 557 » bl4e: =322 FB (Agelaius phoeniceus )

N

el R Al S e S Ko m il g A MEREGEREE { F R
(Westnestetal. 1995) > L #FieB B « Ra v AP T2 3 L4E7 > 7 149
SrE T EP R B AME P rEE Fawpie - A g h o T 7 88 BGR

L

&
P
=1

2 PE R E TEaE kg g ML R E ROt o Ry R
PIZeh s g 67 M E PO PR B0 5 SPPRAR > AT AR BET D2 K Rk Ak B R
s (R4 2N ) o2 FE (1) ApF 52 % RALS w0
Bleni P L EARPHMEME 2 KT I (D ESE )L P AV ABA T A
BHEAR (A4 ~21) 2 BEBRIIEY (3)-
Lessellsetal. (1998) m A 2 iF> Ve x Lg 57 S g 2 [uil > AR
L HELE R ST 0 R R BT AR R GlenE P 22 f MR bk G aF
Ao B K ik AR A P RMELR T FHERNRE c AL W

Tlap e % > B L ABBFEY ML PR &S RA&SE R HEF L



|l

TRAE RIS (AL - ) F AT RESMEE ALY SR B&S

Apdc (24 =

e BTy (2)-

Y

.’\3>
|Fls

) Z A EREEFALR (AL L2 ) Aok s A

b. #t % 7 B3 (The cuckoldry hypothesis )

iR AR R ORETARES A N RELRT AR
G A FREFLYMELRGM B TERF (1) 25T R
HEL G SIS E ;(2) Brhbafed A7 5 RaLmd & s i
o FprE v i e 2 A S ERE S, (Westneat & Sherman 1993) o p

TAAFY S FENT A2 £ G - BT A F SRS Wight &

=\

Cotton (1994) &g AR 2L P » WA S350k e IHFTwp A AT - G2
E3 0 IRUv B glie- Fo2 B v ARl § R VAT o
tergrBen Bor e sl R gwe g A Y b A a8 L 48 0 L £ (Silalia sialis) fr 4
## 277 7 (Kempnaersetal. 1998) ¥ >3t g2 e & B > 4 S f “f M2 g o
FUEE L SN MMATe L G R 2 E R A forp b et Rz b HE K
ARAIEFRIA G o ¥ G AR AL LA Ak S Al oA ek Y i
R F AL G EBFARM T A B AFS R o K kS
Apficz oo T AR F X (Petersonetal. 2001 ) & AFF ¢ > 7ra {73 4p
ik (2L vz ) AP LeEHR2ZIEY (2)-

ROUFLFENEE ALY S N E AR F S RO &

o

WEL L AFRPUE (27 ) FoRELTRET B E T4 BARRLS

Bt pleni P > 225 7 FHESRL 2 BT (NESE) 27 A iz ¢

*‘;

TEEFAR (P4 ) PHAFLY I REFIADEY S HERE D
frEH e (MESE) o 22h ATIE O A gRERE 0 B R RS2 TR
(3)e pae gendwmEmyd o4 PR LB B ( Westneat et al. 1995;
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Peterson 2001; Wittingham et al. 2003 ) o F]p* > Jap| & F S bk ¢ > 22§ N 3F

EEfeA ZFTFHR- BT EERE D LN FERREELY LT B
e E AT I = A'frl,ﬂ_} of \Lﬁo—r NAfE P ﬁﬁ’s‘ﬁ‘_%’ﬂ » Fpt itk ?"11;’1"%“{

FEMES GRE D @AKSTIof e Al B A ML T & .

c. B & B 2B 3 (The best knowledge hypothesis )

WiF S MY ot fompfis 1 T A eph R EFg Ap AL g A
dopt o TR A LS PN FRES L G BT R 2P A AP 2
FRLEY 5% i d p e NS £ U A BT 2T (1996)

B A R TR o epE B AR R AR E  R A

NN

TARSHBNE 1 X B e TR B RPE Y 4 h s £y
Bz LB R N 2 g AADEEN 4 0 2 F R DR E kiR Flpteg
bk o AR RARE . B RBRLE R IS X150 0 X Y epE B
TR g TmsE 1T LA E R AGRE %éiﬁﬁ#%ﬂz‘s‘; ) gl FEIE
- TR R R E AL R RS g RS R b
FLREIHT EEFIF 19X o FR AR AFT 2 F A LAY o ep s
R FIRGAOPFETE ALY VRS T Rk Ra S EEET U ERL
PEEAEOTAE L T o WM E RIS § R PR PR L kg
EHEMrI/IMEIRT RS ?

d. £ & # & BE# (The sibling rivalry hypothesis ) 22 3 & 17 535 ( The parental
approaching hypothesis )
Slagsvold (1997 ) #& &) & & ¥ B e E HITER X2 H 2 FAF 2 B/

AEE? O AMERE AP ARECZRE RIAUREHRL P AR2Z LR

AL ALY RSBz ZRZMERERL A g E A R E K arikh
E ARSHES (A E) UERB TR B A PREHRLE 2 S
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PARBEY €F AR ALY 0 FARMELRELPF o § IERRIT
BEESFAVIESESREFRF (12 ) RéERZTHE (2); 2k b
GG I BT YHF RS (25— ) FIAHREEA T 25
Ay B E2 8 kik BEBRZ R (3); Ra s L BE fokdw
FEREFROVIERME (AL ) e 1KY HF 3K HEEASH
EIHFALAR P AEA060" (217 ) EMARLEBERZTE (4) 2 F
MEMLELLSPFIoRERTIERT A FL L P 2 P gL 7
PHEMRSE2ZF By B FLE (24 ) 2P aERZwHR (5)-
ABERTIFHERLE FEL R S A (NS E ) 2| AV RE R
EREAEL HEE 2 RIERR Y B F wielh BF L ARG AR (S &S

(]

YA ALY b B WL, 2 E A (A ESE) 2 A
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# = 2004-2005 B R ¥ T § F LR R A TR
Clutch Brood male  female EPO Data
Year Nest No. size  size Fledging Offspring Offspring EPO  sex collection Annotation
5 chicks fledged, 1chick dead by artificial
2004 #3(0)" 6 6 5 1 5 1 F © carelessness (Day 14)
2004 #11m)" 5 4 4 1 3 0 - © All chicks fledged
2004 #6606 6 6 0 3 3 0 - Day 16, all chicks disappear
2004  #89,) 4 4 4 0 4 1 F © All chicks fledged
2004  #113)° 6 3 3 0 3 0 - © All chicks fledged
2004 #116(0)b 6 4 0 3 1 1 M © Day 13, all chicks were eaten by snake
2004  #103) 5 1 0 1 0 0 - Day 14, parents abandoned, the only chick dead
2005 #90) 6 6 6 2 4 0 - © All chicks fledged
2005  #250) 6 6 6 6 0 0 - © Al chicks fledged
2005 #56)" 6 4 0 3 1 0 - * Day 12-13, all chicks were eaten by mammal
2005 #6606 5 5 0 2 3 0 - © Day 12, all chicks were eaten by snake
2005 #85(0) 6 6 6 3 3 0 - © Al chicks fledged
2005  #91¢)° 7 4 4 3 0 - % All chicks fledged
2005  #97)° 5 5 5 3 2 0 - ©  All chicks fledged
2005 #103(0)d 6 5 5 2 3 3  1IM2F Chicks were adopted by #A3, all fledged
2005  #116m° 6 6 6 6 0 1 M ©  All chicks fledged
2005 #A3m) 6 4 4 3 1 0 All chicks fledged
2005 #A9m) 6 5 4 2 3 0 4 chicks fledged, 1abnormal chick dead (Day 14)
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2z MRPRFALUESE LA E2 PR @

Male (N =9) Female (N =11)
Mean SD Mean SD P value Significance
Bill length (mm) 9.24 0.56 9.17 0.54 0.801 NS

Head length (mm) 27.66 0.48 27.53 0.32 0.502 NS
Tarus length (mm) 18.10 0.55 18.02 0.90 0.832 NS
N wing length (mm)  63.33 1.94 61.64 2.73 0.135 NS

Tail length (mm) 54.44 2.46 52.82 319 0.226 NS
Body length (mm)  110.56  4.67 10480  5.10  0.020 *
White spot' (mm) 16.36 0.97 15.87 091  0.253 NS
White spot” (mm) 8.49 0.81 8.42 094  0.856 NS
Black belt (mm) 21.33 2.31 18.68 239  0.022 *
Weight (g) 12.67 0.51 12.29 052 0.122 NS

White spot' FHELEEEING G w2 &
White spot” FALEFINA G s TR
Black belt : # % L4 H3R 2 F 2 F A&

*P <0.05, **P < 0.01, ***P < 0.001, NS P> 0.05

e BMRF HRFFLE ARG RMEEBELE LY C BEWMER L FF 2P
e R

Body weight
Variable Coefficient Significance
Constant 9.426 wAE
Day 0.292 oAk
(Day-13.744)*(Day-13.744) -0.067 Howk
Hatching order -1.168 wkE
Offspring sex -0.030 NS
(Day-13.744)*(Offspring sex -0.512) 0.069 NS

Nest = 9, Data point = 129; Offspring sex: male = 0, female = 1
*P <0.05, **P < 0.01, ***P < 0.001, NS P> 0.05

56



Z 3 2004-2005 B Ryt F o B LE @b per i d ot e 2 bl-
No. of No. of brood % of brood No. of
Year Brood with EPO  with EPO nestling No. of EPO % of EPO

2004 7 3 42.86 28 3 10.71

2005 11 2 18.18 56 4 7.14

total 18 5 27.78 84 7 8.33
22 BMRFPRFHFLEAREG RAF AEfoR b LRT Rk EEME

X EFF 2 PBRR

Body weight

Variable Coefficient Significance
Constant 7.274 A
Day 0.503 o
(Day-13.381)*(Day-13.381) -0.078 oAk
Hatching order -1.176 wAE
Paternity -0.228 NS
(Day -13.381)*(Paternity -0.190) -0.020 NS

Nest = 4, Data point = 42; Paternity: WPO =0, EPO =1
*P <0.05, **P < 0.01, ***P < 0.001, NS P> 0.05

i MREFFALEEY REMESL LTS L BBEA

Body weight Body size rank
Variable Coefficient Significance Coefficient —Significance
Constant 9.867 HokE 0.209 *
Day 0.274 HoAE 0.0002 NS
(Day -13.888)*(Day -13.888) -0.071 ok 0.00002 NS
Hatching order -1.038 ok 0.577 wAE
(Hatching order -0.5)*(Day -13.888) 0.118 * -0.072 HokK

Nest =13 » Data point = 196 *P < 0.05, **P < 0.01, ***P < 0.001, NS P > 0.05
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I BEE G RERL AN
Distance rank Height rank Start rank

Correlation P-value Correlation P-value Correlation P-value
Height rank -0.076 0.168
Start rank 0.092 0.092 0.174 0.001
Begging percentage  0.077 0.160 0.063 0.248 -0.107 0.050

Pair-wise correlation, N = 336

4 MAF RFFLEMEL 8L LT T2 RPRA

Distance rank Height rank Start rank Begging percentage
Variable Coefficient ~ Significance ~ Coefficient ~ Significance ~ Coefficient ~ Significance ~ Coefficient ~ Significance
Constant 0.506 wAE 0.518 wAE 0.529 otk 58.207 otk
Parental sex 0.007 NS -0.002 NS -0.003 NS -1.608 NS
Body size rank -0.009 NS -0.019 NS -0.066 * 1.915 NS
Day -0.0006 NS -0.0006 NS 0.0009 NS -0.323 NS
(Parental sex -0.5)* -0.119 o

(Body size rank -0.5)
Nest = 11, Data point = 336; Parental sex: male = 0, female = 1
*P < 0.05, **P < 0.01, ***P < 0.001, NS P> 0.05
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Ln(trips) Ln(trips/hr) Ln(trips/hr*brood size)
Variable Coefficient Significance Coefficient Significance Coefficient Significance
Constant 1.128 NS -0.009 NS -0.525 NS
Parental sex -0.473 * -0.473 * -0.473 *
Day 0.009 NS 0.008 NS 0.008 NS
Brood size 0.347 ok 0.346 ok 0.133 NS

Nest = 11, Data point = 66; Parental sex: male =0, female=1 *P <0.05, **P <0.01, ***P < 0.001, NS P > 0.05

Ao MRERFPLEREASEL LTI L PFRR

Quantity Quantity/ hr Quantity/ hr*brood size
Variable Coefficient Significance Coefficient Significance Coefficient Significance
Constant 1.321 * 0.186 NS -0.344 NS
Parental sex -0.552 *ox -0.552 *ox -0.552 *ox
Day 0.012 NS 0.012 NS 0.012 NS
Brood size 0.276 *ox 0.275 *ox 0.064 NS

Nest = 11, Data point = 66; Parental sex: male =0, female=1 *P <0.05, **P < 0.01, ***P < 0.001, NS P > 0.05
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H

% of male trips

Variable Coefficient Significance Coefficient Significance Coefficient Significance
Constant 42.588 kK 40.429 * 47.946 ok
Day 0.271 NS 0.257 NS 0.261 NS
Brood size -0.070 NS
% of male offspring 0.113 NS
% of WPO 0.090 NS
Nest = 11, Data point =33 *P < 0.05, **P < 0.01, ***P < (0.001, NS P > 0.05
AL BMARFRFALERL KGR LT AR LTS ZRERA

% of male quantity
Variable Coefficient Significance Coefficient Significance Coefficient Significance
Constant 46.229 kK 45.401 * 60.059 oAk
Day 0.115 NS 0.096 NS 0.068 NS
Brood size -1.777 NS
% of male offspring 0.101 NS
% of WPO 0.068 NS

Nest = 11, Data point = 33

*P <0.05, ¥*P <0.01, ***P <0.001, NS P> 0.05
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Male Female

Enter nest location Before feeding location Enter nest location Before feeding location

Nest Mean CI N Significance Mean  CI N Significance Mean CI N Significance Mean CI N Significance
#3,)" 62.11 10.51 188 gk 70.55 10.41 188 ol 69.83 19.17 61 Hk 84.7 127 61 Hk

#11,m" 86.46 9.59 66 oAk 100.30 18.99 66 oAk 90 0 12 A 114.50 58.61 12 A
#113,° 38.95 11.04 72 otk 4379 169 72 otk 323.77 10.49 59 oAk 318.26 19.49 59 oAk
#89," 90 0 47 oAk 90 0 47 oAk 64.03 16.20 82 A 86.24 6.88 82 A

#1160 9521 27.66 21 #k 0 109.11 35.35 21 ok 43.00 33.41 17 k11036 41.62 17 ok
#9o) 271.62 3.23 156  #kx 270  5.16 156 #xk 202,62 11.79 147 wek 270,69 4.43 147wk
#250" 7373 13.66 104 = 10077 14.87 104 ok 90.93 7.58 55 #k 123,67 20.80 55 ok
#66, 84.40 1572 28 ok 93.81 19.12 28 ok 40.89 27.12 20 #k 12330 37.75 20 ok
#85c, 79.67 10.78 84 ok 86.88 8.47 84 ok 86.37 6.62 85 ok 88.82 3.83 85 ok
#97.,° 31.80 475 84 ok 4317 1492 84 #x% 31470 17.31 66 #k 27734 11.93 66 ok
#1164, 308.70 19.00 191 #xk 31026 22.30 191 #xk 271.87 8.78 55 #ak 23878 20.87 55 ok
Rayleigh test, N 3 LR 5| 2 4k & 4a¥ic  *P < 0.05, **P < 0.01, ***P < 0.001, NS P > 0.05

a~c 2 BT RIS L - HWERE o d A FAGSRE SATDBA 0 02E L 2004 £ R L H#3) ~ 1 ()R AR
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Enter nest location vs. Before feeding location

Male vs. Female

Male Female Enter nest location Before feeding location
Included Included Included Included

Nest N angle Significance @~ N angle  Significance N angle  Significance N angle  Significance

#3()" 376 8.44 * 122 14.87 *k 249 7.72 NS 249 14.15 *k
#11m)" 132 13.84 *k 24 24.5 * 78 3.54 NS 78 14.2 NS
#113,° 144 4.84 NS 118 5.51 NS 131 75.18 wAE 131 85.53 HokE
#89(0)b 94 0 NS 164 22.21 gk 129 25.97 wkE 129 3.76 NS
#116(0)b 42 13.9 NS 34 67.36 wokk 38 52.21 wkE 38 1.25 NS

#90) 312 1.62 NS 294 21.93 gk 303 21 wkE 303 0.69 NS
#25(0)d 208 27.04 wAE 110 32.74 wokk 159 17.2 wkE 159 22.9 HokE
#66(o) 56 9.41 NS 40 82.41 gl 48 43.51 wkE 48 29.49 gk
#850) 168 7.21 * 170 2.45 NS 169 6.7 * 169 1.94 NS
#970) 168 11.37 HAE 132 37.36 gk 150 77.1 wkE 150 125.83 gl
#116,) 382 1.56 NS 110 33.09 HokE 246 36.83 wkE 246 71.48 HokE

Watson-Williams test, N 5 L% |2 4 @ 4hfic  *P < 0.05, **P < 0.01, ***P < 0.001, NS P > 0.05
a~c R FRAAIES B - HEEW o d A RIS 2 ATOBA 0 SRS & 2004 & T LH3) LB
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Fed times/ begging times Fed times/ trips (Fed quantity/ begging times)"-2 (Fed quantity /trips)"-2
Male Female Male Female Male Female Male Female
Variable Coefficient ~Significance Coefficient Significance Coefficient Significance Coefficient Significance Coefficient Significance Coefficient Significance Coefficient Significance Coefficient Significance

Constant 60.535 ¥k 66.010 ¥k 27581  ¥¥E 25146 KX 0.356 Rk 0.418 ok 0.659 ok 0.744 ok
Distance rank -15.767  **%* 17473  **%*  _6.723 * -7.964 * 0.182 ok 0.128 * 0.104 * 0.096 *
Height rank -18.050  ** 48915  Hx _]13.848 k20,623  EE 0.254 o 0.509 ok 0.197 o 0.344 ok

Start rank -22.602  *¥* -.0.537 NS -8.355 * 5.013 NS 0.151 * -0.063 NS 0.091 NS -0.066 NS
Begging 0.230 HoAk 0.300 HoAk -0.002 wok -0.003 o
percentage

Body size rank -4.068 * 2.773 NS -2.967 * 1.698 NS 0.082 o -0.045 NS 0.065 o -0.038 NS
Day 0.301 NS 0.137 NS 0.139 NS -0.007 NS -0.004 NS -0.004 NS -0.002 NS -0.002 NS
Nest = 11, Data point = 168  *P < 0.05, **P < 0.01, ***P < 0.001, NS P > 0.05
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Fed quantity/ fed times

Male Female
Variable Coefficient  Significance = Coefficient  Significance
Constant 0.881 wAE 0.640 ok
Body size rank 0.004 NS 0.072 NS
Day -0.080 NS 0.010 NS

Nest = 11, Data point = 168

AN BREHFTLERLQUES TR RESER

*P <0.05, **P < 0.01, ***P <0.001, NS P> 0.05

4 25 BN
& FF 2 B

Ln(fed times) Ln(fed quantity)
Male Female Male+Female Male Female Male+Female
Variable Coefficient  Significance ~ Coefficient ~ Significance ~ Coefficient ~ Significance ~ Coefficient  Significance  Coefficient  Significance  Coefficient  Significance
Constant 1.616 Hokk 1.235 HHE 1.979 Hokk 1.509 HEE 1.061 Hkk 1.707 HEE
Body size rank  -0.184 * 0.148 NS -0.049 NS -0.277 *k 0.160 NS -0.126 NS
Day 0.004 NS -0.006 NS -0.004 NS 0.007 NS -0.004 NS 0.008 NS

Nest=11, Data point = 168

*P < 0.05, **P <0.01, ***P <0.001, NS P> 0.05

64



o
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% of male fed times

Variable Coefficient Significance Coefficient Significance Coefficient Significance Coefficient Significance Coefficient Significance
Constant 51.107 HokE 45.389 *k 44.820 Hokk 31.660 NS -0.906 NS
Body size rank -6.297 * -6.208 * -6.481 * -6.244 * -6.294 *
Day 0.263 NS 0.274 NS 0.290 NS 0.135 NS -0.003 NS
(Body size rank -0.5)*(Day -13.988) 1.701 NS

Brood size 1.100 NS

(Body size rank -0.5)*(Brood size -5.333) 0.477 NS

% of male offspring 0.136 NS

(Body size rank -0.5)* -0.099 NS

(% of male offspring -50.405)

% of WPO 0.258 NS

(Body size rank -0.5)*(% of WPO -83.555) 0.245 NS

% of male trips 1.097 HokE
(Body size rank -0.5)* -0.368 NS
(% of male trips -51.349)

Nest = 11, Data point = 168 *P < 0.05, **P < 0.01, ***P < 0.001, NS P > 0.05
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% of male fed quantity

Variable Coefficient Significance Coefficient Significance Coefficient Significance Coefficient Significance Coefficient Significance
Constant 53.450 HokE 51.864 *k 48.106 Hokk 27.476 NS 0.517 NS
Body size rank -7.633 * -7.562 * -7.749 * -7.552 * -7.611 *
Day 0.196 NS 0.184 NS 0.226 NS -0.007 NS 0.083 NS
(Body size rank -0.5)*(Day -13.988) 2.255 NS

Brood size 0.336 NS

(Body size rank -0.5)*(Brood size -5.333) 0.241 NS

% of male offspring 0.111 NS

(Body size rank -0.5)* -0.072 NS

(% of male offspring-50.405)

% of WPO 0.350 NS

(Body size rank -0.5)*(% of WPO -83.555) 0.437 NS

% of male quantity 1.052 HokE
(Body size rank -0.5)* -0.604 NS
(% of male quantity -52.253)

Nest = 11, Data point = 168  *P < 0.05, **P < 0.01, ***P < 0.001, NS P > 0.05

66



ﬁ_

w1

gl__l_

BB T 5 FIFE B A (oo, 68

B B 7T A B 69
#1167 ¥ L EREMES TAD LRI 70

E#B3F F LA MEME TR R 70
2004-2005 B 3 Fe F A LE WP A peF R RAE LY 2 2 F LT
Ay By ¥ LEMEMET TP LRI 71
MAar Ry ¥ Ldid LML EEMIME LI TR R .T2
MARE FFF L8 LY ATME SRS M2 LI iR

EREE 2 v G T B 2 B 72

MRS FF T L g R AP Y ALE B RO T M 2 %

I EY I A 4 2 g, Y soy 2 AL KE R .
MAhd Fy ¥ LENEPRRFe S LV REINEY 2 74

B ) o= % s " .. . roy Al e
Bl B g % J F LB ER 42 &V ’lkvp‘_,% ANE Y2 E L 74

67



i s

25 26 27 28 29 30
24 23 22 21 2D 19
1314 15 16 17 18
12 1110 0% 08 07
O 02 03 04 03 06

o] B1 B2 B3 B4 Bﬁ_B_E--\
[ R
36 35 34 33 32 31 BT BS BS E10E11 Biz
37 38 39 40 41 92 E13 B4 B1S BI6 B47
4% 47 46 45 44
49 50 51 52 53 54 e
60 59 58

FEE S A Y mELE J
* 2 1 : pm—
nmmﬂcﬁzﬂ?ﬂpﬁ

191032 003 094 095 906
T L0210) 100 195 033 931
1

1
[NERNES
&

e
——
=
-
-
=

HE Lol

Bl- MAEE R EfEpiAf (ERAApHEEE b x M)

68




i)

Parents’ arriving
direction
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MEE T RB (N FERA LY > Kl

69




Weight(g)

Ji

Weight(g)

B =

1 2 3 4 5 6 7 8 9 10 11 12 13
Age of Brood (Days)

E#116F ¥ LEHEMEN T HD 2 FC (ADRL LY L BH)

16
14 r
12 r
10
8 ——E
6 —=—F
A L —4—G
5 |
0

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19
Age of Brood (Days)

E#IB 7 ¥ LEBEMEN TR 2 HL (BEGHRAKY 5 BH)
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Number of nest

0 1 2 3
Number of extra-pair offspring in nest

Bl 2004-2005 B 3 T 5 ¥ LE B LI ARRALY 20 6F (N=18)

16

— — —
o o ~
T T T

Weight (g)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
N=6 N=7 N=7 N=7 N=57 N=7 N=49 N=13 N=57 N=13 N=49 N=13 N=68 N=30 N=45 N=35 N=41 N=12 N=3

Age of Brood (Days)

Bl MAM RFALEMEMENTHY LR (N2 iTAEpEo s B
)
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Nest Cup
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(g - e F

FA LG A EAD I B 5T R iroa2 §o® o 2 A F G R
L7 5 kH|EHRE] 0 RS BRI R A S 4R A 8 B0 F JF) DNA it
Mul2FgE od PP E R AR LS Mo E S ZZ ¥ 5 ZW; CHDI
A MY - BAF b2 A ML CHDI-Z > ¥ 5 Bl 5 CHD1-Z
CHDI1-W > %%’EJ R & i 48 & & (Polymerase chain reation, PCR ) #- DNA 3 78
o RFERMTA O BB DATE LY R RAER RN R AR L ER
1EFE BRI G 2FEPE ATy P 8% 2513 (primer) 5 2550F {v

2718R (Fridofsson & Ellegren 1999 ) -

k&R 5 Ak g 42— 2 - & (social monogamous) > § % 2 fez 7 5 0 3f
dOLERE B 2 SR B A MATIRT Bk Y R BTG B
4+ % (Wang et al. 2005; 3 324 2005)  $ 5 > HcfEms A F A ¢ ahd B

AT E R p g forrl 0 FILF RS DI A TR Y 2 - forp § s AT

AR o e ¥ - BB AT L 2 R oo PIHETIEAE S BRI R o ;ﬁ'd &
LR A A R AR A TR > B FRHT AL > £ %% 508 GENETIC
PROFILER 2.0 ( Amersham Biosciences ) 2|3 %1% L F] F enid » & {714 % o 30
AT T 59 BakciEE A T KB FHkP 0 1 * 548 CERVUS 2.0
(Marshalletal. 1998) B 2577 ¢ i Rl d 6 ¢ 8 ¢ A fied A3 Rz 8%

. 95%11 + o
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Skt @%al : ¢ & a= b= C= d= e= f=
AP R (M RERED (S REMITR (RL (REKID |(MEDRYE (ML 8% (MEL8F (RHE®|GFS (RS L|RIBLDRE MEPE VR [REPFT (BECRS (85
B |W] s =R (A) & PR (&S @5 =8 (O) |foih e | A (B/C) B(C) GO R (R R |6 =B E) |5 £ G R®E) (B F)E|EEE |
) (@iblcidlelf) | = |E B4k~ & |# = |@/blc/die/f) |#CE2)C) |@blc/dlelf) |(a/blcidlerf) IsgE) |2 1)D) |@mblcldielt)  |(amblcidrelty | & . (YINIE)|(a/blc/dfelf)
EB) |#)(PFEAIF) |E©) (a/blc/dle/f)
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Species % of brood with % of
Popular name Study area Study year EPO(mean) EPO(mean) Reference
Blue tit (Parus caeruleus) Belgium 1990 31 11 Kempenaers et. al. 1992
Norway 1992-1995 36 7 Krokene et al. 1998
France 2000-2002 53.6 16.1 Charmantier & Blondel 2003;
Corsica, Pirio 2000-2001 68 25.4 Charmantier et al. 2004
Corsica, Muro 2001 50 18.2
Great tit (Parus major) Germany 1993-1997 27.8-44.2 5.4-8.6 Lubjuhn et al. 1999
Norway 1992-1995 27 8 Krokene et al. 1998
Coal tit (Parus ater) Germany 2000-2001 67-83.6 27-43.9 Dietrich 2004
Germany 1999 75 25.3 Lubjuhn et al. 1999
Green-backed tit Taiwan, Ao-Wan-Da National ~ 2002-2004 0-25 0-12.5 3 37 4% 2005
(Parus monticolus) Fprest Recreation Area (18) (7.5)
Taiwan, Kuanyuan 2004-2005 18.18-42.56 7.14-10.71 Y
(27.79) (8.33)
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- MR R R#S1 R L AL RS )

2005 3R F ¢ LR SE £ (E#650)~8l()) A W] 5 & %% 1% e iy
B KPR AOL A K DFES 5 68 04 B SREHOSTELE I E 8
AR LMERF EETH G F I FTRFITILHEGREHE IR
BRF G v Bl T RIS 0 A R R B 0L s 0 2R 65
MLE 2 feEr2 Low g Aka > Flptd-i P 17 3 B4 g (adopted chicks @ Day 9)
# & 3 &#81) (native chicks : Day3)  eérd HHEEF R D ~FREME F
AL E ARG d NI LBRE TR I SN RRBER
REI0 LB 2T FROBERREY LS HE ST > ¥ M Y
FHYPL NPT VLY F EEIA MR B ARG Ly FRPEL L

PIARBZIZEL R MO PPh f F 57 FIT il 2483 2905 42 -

3.5

3t B Female
O Male

25 |

Trips/ hr*brood size

05 T

0
Observations time (mins) 49 167 36 41 459 230

Native chicks Day3® Day 3 Day5  Day 11 Day 18 Day 20
Adopted chicks Day 9° Day 9° Day 11 Day 17 fledged fledged

a %LJB% T > %#81(0),’%5 éﬁ{ﬂ*’;ﬁ‘ﬂ b ii}’ﬁ’ T8 > %#81(0),’%,% éﬁ{ﬂ*’;ﬁ‘ﬂ
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