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ABSTRACT

Abstract

Key word: Breeding biology, GuanWu, Nestbox, Rufous-faced Warbler, Tit

We investigated the breeding activity of secondary cavity nesting passerines
using nestboxes on Cryptomeria plantations and natural forests at Guanwu,
2009-2014. From the beginning of April to the end of August, we checked nestboxes
weekly and recorded the content of nestboxes and activities of birds. Eight
Green-backed Tit (Parus monticolus) nests and Fifteen Rufous-faced Warbler
(Abroscopus albogularis) nests were recorded throughout the 2014 breeding season.
Comparisons of breeding data with previous studies, we found that the timing of
egg-laying of Green-backed Tits was affected by March mean temperature, but not
February mean temperature or February- March rainfall. A similar relationship was
also found in Rufous-faced Warblers, but less closely. The lengths of laying season for
both species were not affected by either spring temperature or rainfall. Less limiting
effect of spring rainfall on biological processes might be due to being perhumid in
study area.

We used the nest survival module in Program MARK to examining factors
affecting nest survival of Green-backed Tits and Rufous-faced Warblers in 2010-2014.
Results showed that nest survival for both species declined under extreme heavy
rainfall (daily precipitation amount > 20 mm), but not varied lineally or nonlinearly
with daily precipitation amount. Moreover, daily survival rate for Green-backed Tits
was further lower under cold weather accompanied with heavy rains. Nest age was the
most important factor affecting daily survival rate for Green-backed Tits. Age-specific
variations in nest survival may represent net effects of multiple factors affecting
survival, including susceptibility of parents to disturbance and predators, intensity of
nest defense by parents, thermoregulatory capabilities and protective feathering of
nestlings, visual and auditory cues influence predator risk, such as parental foraging
trips and nestling begging. In addition, regularly visiting nests had a strong negative

effect on nest survival for both species. On the other hand, video monitoring is an

VIl



ABSTRACT

effective tool to reduce disturbance by nest visits and improve accuracy in
determining nest fate.

Our results showed that the predicted probability of a nest surviving the entire
40-d period for Green-backed Tits across 2010-2014 was 0.76 £ 0.08, and the
probability of a nest surviving the entire 38-d period for Rufous-faced Warblers was
0.69 £ 0.07. In addition, adult survival for Green-backed Tits was 0.39 + 0.06. Based
on the parameters mentioned above, we estimated population growth for
Green-backed Tits by calculating the finite rate of growth A, and found the probability
of double brooding having an important role on annual fecundity. The lowest
estimates of probability of producing a second clutch required to offset mortality was
53%. However, the second clutch only occurred in 2011 and 2014 during our study
period. What caused a lack of second clutch in other years in unclear, but this might
be a cause in population declines of the two species. Further studies are needed to
better understand annual variation of invertebrate abundance on which birds feed, and
its influence on the timing of bird breeding.

Finally, we provided two suggestions for further work. First, some interesting
information from our results and videos could be extracted, and transformed into
education materials to introduce the biodiversity of GuanWu area. Second, long-term

monitoring of nestbox was necessary to clarify the phenology of birds.
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2014& F LERFARRE Z064/2F 2 FERK(H R &8 9L-28/2F)
220148 2 P Fenk RRIE S H & £ R RE DA TE DL FF2014E - 1R
FEALE - EFZ R HE - K187 10P 4 3 TR o A R RAEK S
EOrR s KA MY c L EAFACENER T AL S 520 V30 el o
~2-37 % & B 7 (ANOVA - all Ps > 0.25 » r’< 0.40) » F 4otk 2009 it 2 3 5

Py

2 T4t 0 20102014 T30F e F £ & 2 844£166% o ¥ b 5 F LEhE

PHCLA-THe o EFHRE A L o



Percent of progency

Percent of progency

h R o\ & R A D - § P - -
ZHPRFOFEGE RN A BEETRL LT RV
80 —e— Eggs of 1st clutches b) 2010 —e— Eggs of 1st clutches ¢) 2011 *— Eggs of 1st clutches
(a) 2009 Eggs of 2nd clutches 60 4 () o— Eggs of 2nd clutches 60 1 © © EQQS_Of 2nd clutches
v— Nestlings of 1st clutches v— Nestlings of 1st clutches v— Nestlings of 1st clutches
—a— Nestlings of 2nd clutches —a— Nestlings of 2nd clutches —— Nestlings of 2nd clutches
60 S (total = 26 eggs) (total = 55 eggs) (total = 97 eggs)
40 - 40 A
W
v
40 Ao
W:D v 89
< s
20 + ° w 20 A
20 ° o
T ol S
v
J B hiiiiica
o
] w o]
0+ T T & —T 06 T T T T T T T T 0 T ""C""v . Lot T T 0 = T T T T T T T T T T
4/1 5/1 6/1 711 8/1 4/1 5/1 6/1 7/1 8/1 4/1 5/1 6/1 7/1 8/1
80 - —e— Eggs of 1st clutches *— Eggs of 1st clutches
(d) 2012 —e— Eggs of 1st clutches (e) 2013 o— Eggs of 2nd clutches (f) 2014 o— Eggs of 2nd clutches
60 - o— Eggs of 2nd clutches . 60 - ;
v— Nestlings of 1st clutches
ww : v— Nestlings of 1st clutches
v v— Nestlings of 1st clutches X N Nestlings of 2nd clutches
- —a— Nestlings of 2nd clutches g
v —a— Nestlings of 2nd clutches 60 | (total = 44 eggs)
Wy (total = 94 eggs) (total = 66 eggs) -
40 -
W
20 1 ?
v
w A
° © (o]
[e]
¢ o
£ ° 4
¢ ¢
— — T T 0 T e T oo : T
4/1 5/1 6/1 711 8/1 4/1 5/1 6/1 7/1 8/1 4/1 5/1 6/1 7/1 8/1
Date (m/d) Date (m/d) Date (m/d)

W 2-1~2009-2014 # BB %117 L2 F 4 L& Pz fples # (af)
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¥R 1%
% 2-1~2009-2014 2 R {1t L2 F ¥ LERASEE p Iy
Parameter 2009 2010 2011 2012 2013 2014
Number of nest 5 11 20 19 16 8
Breeding density (pair/ha) 1.7 1.5 1.6 1.7 1.3 0.6
Mean clutch size (xSD) 5.2+0.84 5.09+0.83 5.28 £ 0.83 517+0.71 4.85+ 0.55 5.63+0.74
Mean brood size (+SD) 45+1 3.89+1.36 5.07 £ 0.80 423+ 117 422 +0.83 571+ 0.49
Hatching success (% £SD) 0.92+0.12 0.79+0.25 0.95+ 0.08 0.81+0.19 0.90£0.12 0.98 + 0.06
Mean laying date at the first attempt * (SD) 22.62 + 10.02  5.29+ 9.18 20.3 £ 7.56 167+7.71 -3.00 £ 3.02 425+ 741
Laying season (days) 37 58 85 86 89 104

 April date: 1 April =1
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N
20145 35 B L rhoW2-3(f) B S L 2 APp 23131p ¥ -
AEEETIaE e p Pl 540 12p » SR (20092014 ) B % S K 2 A P

PRIG3727p 247 14 B > % - L 8B F T4 % p Pl4rd 2-2997 12 6
BH- g SaYnTHA P 30 PSR R fAPM 0 R ARSI E

(ANovA’Fm:155’P:030,F:034’@ZQ)uﬁﬁza@w;ag~235“§
k8 77 & 55 % 4p B (ANOVA - all Ps > 0.30 » r’< 0.50) -

2014 t3 6 B T 75 % A (L34 2 )Benk 3 3220134 (0.84/ 2+F) > e i 5 ff
FEehs o BrE R R AR 12010F L BB (3542 E) o 2014F A GFFak £
Hu &g AR ERze §8aL 5 o LPRGH F ko §4 27
- ERAZ KD B RN S 2014F X AR TR 2 Khe BRA AT
EHF O REARFELd REFL AT - 2 LB A L9 2 8o -

i
BERELAI0x S PIF R R - e FrRas a R Az KHa Mg

Lot EF e BACESNRRALS F20 30 (8 3o ~ 2-30 *E A& BE
(ANOVA - all Ps > 0.30 > r’< 0.50) » 2009-2014# L 35 % sr £ £ & 5 91.0+ 7.4% o
Fohofrm B rlicid4bic ERRER L o
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Percent of progency
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ZHER R FIRESE S fv‘f']q,f%?ﬂ.% A
—e— Eggs of 1st clutches
o— Eggs of 2nd clutches (@) 2009
v— Nestlings of 1st clutches
—a— Nestlings of 2nd clutches
(total = 52 eggs)
o
©
[
©
°
|
4/1 5/1 6/1 7/1 8/1
—e— Eggs of 1st clutches
(d) 2012 o— Eggs of 2nd clutches
v— Nestlings of 1st clutches
—a— Nestlings of 2nd clutches
(total = 130 eggs)
Y
wov
4/1 5/1 6/1 711 8/1
Date (m/d)

W 2-3 ~ 2009-2014 & (a—f)E.F+ %I *

>
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/F'J V
—e— Eggs of 1st clutches
(b) 2010 o— Eggs of 2nd clutches
v— Nestlings of 1st clutches

—a— Nestlings of 2nd clutches
(total = 120 eggs)

4/1 5/1 6/1 711 8/1
—e— Eggs of 1st clutches
o— Eggs of 2nd clutches (e) 2013
v— Nestlings of 1st clutches
—a— Nestlings of 2nd clutches
(total = 54 eggs)
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©
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°
4/1 5/1 6/1 711 8/1
Date (m/d)
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—e— Eggs of 1st clutches

o— Eggs of 2nd clutches (c) 2011
v— Nestlings of 1st clutches
1 —— Nestlings of 2nd clutches
(total = 89 eggs) &
©
] é @O
(o]
o
©
4 [e]
o &
[*]
[e]
wWww 9
° o
4 é Oéumm
™ W W ]
vVV o ©
w 8 a i)
4/1 5/1 6/1 711 8/1
—e— Eggs of 1st clutches
(f) 2014

o— Eggs of 2nd clutches
v— Nestlings of 1st clutches
—a— Nestlings of 2nd clutches

(total = 72 eggs)
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Fo% A%
% 2-2~2009-2014 #EFH B 11* L fi2 o P RAE S &2 P I

Parameter 2009 2010 2011 2012 2013 2014
Number of nest 12 27 20 34 12 15
Breeding density (pair/ha) 2 3.5 1.8 2.2 0.8 1.3
Mean clutch size 455+ 0.52 4.60 £ 0.50 4.63+0.50 444 +0.51 450 + 0.52 4.87 +0.52
Mean brood size 4.63 + 0.52 3.37+121 3.38+1.15 3.94 £ 0.80 3.88+£0.83 4.14 + 0.86
Hatching success (%) 0.98 £ 0.07 0.74 £ 0.25 0.74 £ 0.24 0.89 £ 0.15 0.89+0.16 0.85+0.16
Mean laying date at the first attempt * (tSD) 27.25+10.01 21.46+591 2464+9.12 1483+6.90 575+%13.23 12.00%13.75
Laying season (days) 87 89 81 94 92 103

 April date: 1 April =1
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FRFOFRGE FA" LHEHFEE LTV

Fo8& S5 FAEAK

- \_)?-15‘1’1&
2010 # 3 2014 & % £ T4 R F L ERAEL #%*wzami@,

e

£33+ 73 %03+ 1,823 L% % (exposure days) * »* MARK #4847 & & 35 5% o

i

3y

PO6%:nE KR AR G BRI ERPER > N HE K pn R
LHK A AR SRR
7\23&?7 ﬁxl ’}’3—;( /\JJ*{’,—&’,‘”H%M :’”‘%”\”’}}Et%’,“%&”\”ﬂi’—:!'}ﬁ'_”l”

et

WEATEE F)F o BN S G EAr A 247 E VTS o 50 P B g BT
Vet L (AAIC. B F 2 ) e H SdclptEimE 00 & Sl 85 7 B ;7
P8z A 3VNTFF R AL KED FREFAED MAE (B 2-4) AP
PP IR A > AR N I VAR XL T ARE PR T R 2
IHBMEB AR B A BEEGESFIERTEE LTt p R g FAN
RZEAM S R P ARSERTDP 3 0 3RS € 2
2-4) ;7P oS L3RS 0 MBI A R 0 3RS g { 8-
#H T E(E 2-5) 0 ¥k FEV A FE e 2TRE TR 2 A L FF A 2R
2RISR TS f (B =-107 £ 045 £ 2-4) > & 7 i hF FH L
FREFFE R RBEREREHRT RN 2 L F e 2R TS
AR RARE KB p 355 5 0981+£0.0050 A4 3 HkE KRS 0984+ 0.004 -
&'gg%p—gg_ﬂ(LRtest v'1=0.24 > P=0.63)

12 b i 40 AT R AT (Logistic) ® b Bt B R R R - k2 o
F (period survival) » 4 & & %% p 5555 &7 &7+ # ke (nest age effect) - H 44
KR D HRBER PR ~ E RPN RS O (GE R RET R R R
L) I E T 0 R 0 AT R A G K hFERIR o STIER R L
A0 X Bl Bads x5 07612008
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¥-F i 4%
#23~20102014 #F+F LEELTP 3RAFLEERRS
Model K AIC. AAIC. w;
YEAR +AGE® + HEAVYRAIN + TEMP + VISIT 11 259.67 0.00 0.74
YEAR +AGE® + HEAVYRAIN + TEMP 10 263.33 3.66 0.12
YEAR +AGE® + TEMP 9 26493 526 0.05

YEAR + AGE® + HEAVYRAIN + TEMP + VIDEO 11 26533 566 0.04

YEAR +AGE® + HEAVYRAIN 9 266.25 6.59 0.03
YEAR +AGE® 8 27011 1045 0.00
YEAR + AGE® + PRECIPTION? 10 270.14 10.47 0.00
YEAR +AGE® + PRECIPTION 9 27137 11.70 0.00
YEAR + AGE® + PRECIPTION? 11 27145 11.78 0.00
YEAR S5 28829 28.62 0.00
YEAR + AGE 6 290.06 30.39 0.00
YEAR + AGE? 7 29148 31.81 0.00
CONSTANT 1 29206 3239 0.00
HABITAT 2 29382 34.16 0.00

LRGSR R AAIC Ed B R A HGNE AN d F AT EAE 5 AAIC: 5 3
V2. B AIC. 2. £ 5 AIC, & & &+ {¢ Akaike’s Information Criterion ; Deviance 3
3% B3¢ (current model) f-4# fe43-5¢ (saturated model) 2 -2 log-likelihood (7% ; K &

BB P S W E AT BN Y F BE ap s S > e 1o

\\\Xr
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TRERTOFRES BT SRR AL LT RV

#24~2010-2014 # ¢ F# LE E 5P 5 FREH2L Sk

Parameter Estimate (SE) 95% CI limits

Intercept -1.041 (1.511) -4.003 to 1.921
YEAR014° 1.406 (1.136) -0.820 to 3.632
YEARpo13 -0.626 (0.615) -1.831t0 0.579
YEAR017° 0.237 (0.636) -1.010to 1.484
YEARo11;? -0.491 (0.653) -1.771t0 0.789
AGE 0.846 (0.213) 0.428 t0 1.264

AGE? -0.057 (0.015) -0.086 to -0.028
AGE? 0.0010 (0.0003) 0.0005 to 0.0016
HEAVYRAIN -0.989 (0.467) -1.905 to -0.073
TEMP 0.220 (0.094) 0.035 to 0.405

VISIT -1.073 (0.449) -1.953 t0 -0.193

8 & ¥ S 2010 # 17 5 4 & (baseline) o
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ZHERFORRES BT SRS ELET RV

= ~te B
¥ 2010 # 3 2014 & X T P 108 s {2 m %?JE‘% ;]lf"‘l]:‘”"‘}'% e e MR
105 & > 3+ 2595 B (exposure days) * ** MARK $c# 4 17 § ¥ 2 % -

HP BO% v AEE G ORISR EHS Ko pT s AR S B
i;}? ;}?‘ai}?%ﬁ&%@"

?\T*E}\-—Z%% r}oaa ““r‘&ﬂ”m——»\ﬁ{]“}i’:f \—:_;K‘;JL r’}Fﬁgﬁ.’.E}J 'é‘_t

=

l"]_). o ¥ % sb 4e 7\”1“(.‘3;"§C)1'%’,4 94_5«,}.3_,\‘ L’I’Jc{i , I‘-’ ”é?“a/_v )@”Elj? , ,E' ”3(\(‘;;
e enthdc s f(B=-151+047> £ 26) A7 EHNE L FEF T G
Fodter X RIS KemiZp 3555 0981+£0.004> &4 145 &P 5 0.983

ol

s
2
4

£0003> 7 ¥ @A F £ B (LRtest> 3"1=021> P=0.65) " i35 7 £ # 40 » "fap”
F] S o

g3 AAIC< 2 i 2 RN F 7 - BO™ 5 i & = HEY) o A
AR L RO T o thdic 0 1 A 5N & E ¢h 7 48 714 (Burnham and

Anderson 2002) - M B N 2 X ATkl E R ES - K2 B

% 7 & (period survival) » & /& § % & p i 5 &p & ¢ 7 I (nest age effect) - & 4
R DR PIEE o E R R ELE S N (2R Rk R Rk
2 L) WwEk A 0 ® ~ o AT HRA G KT ERIT o AR R G B

ER38 A HaY FAA# KL 069+0.07-
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&Y%
it

o

% 2-5~2010-2014 #x 6 F & %P vEF LW ER LS

Model K AIC. AAIC. w;

YEAR +AGE® + HEAVYRAIN + VISIT 10 357.35 0.00 0.62
YEAR +AGE® + TEMP+VISIT 10 35851 1.17 0.34
YEAR +AGE® + TEMP 9 366.02 8.68 0.01
YEAR +AGE® + HEAVYRAIN 9 366.21 8.86 0.01
YEAR + AGE® + PRECIPTION? 10 366.45 9.10 0.01
YEAR +AGE? 8 367.13 9.78 0.00
YEAR +AGE® + PRECIPTION® 11 367.65 10.31 0.00
YEAR +AGE® + HEAVYRAIN + VIDEO 10 367.92 10.57 0.00
YEAR + AGE? 7 368.42 11.07 0.00
YEAR + AGE® + PRECIPTION 9 368.82 11.47 0.00
YEAR 5 37164 1429 0.00
YEAR + AGE 6 37343 16.09 0.00
CONSTANT 1 378.60 21.25 0.00
HABITAT 2 380.39 23.04 0.00

LRGSR R AAIC Ed B R A HGNE Ao d P AT A AAIC: 5 B
V2. B AIC. 2. £ 5 AIC, & & &+ {¢ Akaike’s Information Criterion ; Deviance 3
3% B3¢ (current model) f-4# fe43-5¢ (saturated model) 2 -2 log-likelihood (7% ; K &

BB P S W E AT BN Y F BE ap s S > e 1o

\\\Xr
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TRERTOFRES BT SRR AL LT RV

#26~2010-2014 #4:6 B K R ® P R F G2 T EH 2L FEGH

Parameter Estimate (SE) 95% CI limits

The most support model

Intercept 3.393 (0.741) 1.941 to 4.845
YEAR 014 ° 1.790 (0.763) 0.294 to 3.286
YEARpo13 0.687 (0.576) -0.442 to 1.816
YEARo17° -0.245 (0.354) -0.939 t0 0.448
YEARo11;? 0.697 (0.493) -0.269 to 1.663
AGE 0.277 (0.151) -0.020 to 0.573
AGE? -0.014 (0.009) -0.033 to 0.004
AGE® 0.0002 (0.0002) -0.0001 to 0.0005
HEAVYRAIN -0.880 (0.419) -1.702 to -0.058
VISIT -1.514 (0.467) -2.429 to -0.598

The second support model

Intercept 1.330 (1.424) -1.461 to 4.120
YEAR 014 ° 1.732 (0.767) 0.229 to 3.236
YEARo13° 0.733 (0.575) -0.394 t0 1.861
YEAR012° -0.244 (0.352) -0.934 t0 0.446
YEARpo11;? 0.645 (0.493) -0.322t0 1.612
AGE 0.264 (0.151) -0.031 to 0.560
AGE? -0.014 (0.009) -0.033t0 0.004
AGE? 0.0002 (0.0002) -0.0001 to 0.0005
TEMP 0.123 (0.079) -0.032t0 0.277
VISIT -1.442 (0.477) -2.377 to0 -0.507

& & F S 1 2010 # 17 5 A & (baselineg) o
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FzE FERLESEREF
*2009-2014 & @ £ Hax 47 S KR A L g 5 (20 B2k 27
BupE)s W MARK 588 B 8 2§ 5 » R %M T40dk 27> GiEF 2 L B/
AR Phi()-BBF2EEFLEp() T2 b L B a3 o op

wH g 3 iEF 5 039+0.06 -

% 2-7~2009-2014 #FF LES L v B F2LHERRS

Model Num. Par AlCc Delta AICc AICc Weights
Phi(.) p(.) 2 86.965 0.000 0.540
Phi(g) p(.) 3 89.045 2.080 0.191
Phi(.) p(g) 3 89.175 2.210 0.179
Phi(g) p(g) 4 91.333 4.368 0.061
Phi(t) p(.) 6 93.977 7.012 0.016
Phi(.) p(t) 6 95.842 8.877 0.006
Phi(t) p(g) 7 96.524 9.559 0.005
Phi(g) p(t) 7 98.271 11.306 0.002
Phi(t) p(t) 9 101.911 14.946 0.000

Phi(g*t) p(.) 10 102.710 15.745 0.000
Phi(g*t) p(g) 11 105.676 18.711 0.000
Phi(.) p(g*t) 10 106.294 19.329 0.000
Phi(g) p(g*t) 11 108.751 21.786 0.000
Phi(g*t) p(t) 13 111.980 25.015 0.000
Phi(t) p(g*t) 13 113.829 26.864 0.000
Phi(g*t) p(g*t) 16 122.485 35.520 0.000
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F-8 LFHRAELAFLME

p;%%ﬁﬁ,%%mﬁﬁ%@%@ﬁigfmﬂh Mo RFFEA R
B RaFGEY Z RO GY L3 AR g+ 4(Dunn 2004, Dunn and
Winkler 2010, Schaper etal. 2011) » # 2 3 HBEFERFEPLF P A - Ka >
FLg A D 2R R 2 £ 5(-856+205)% > F e & g A 4 4 (Table
1 in Dunn 2004, Table 10.1 in Dunn and Winkler 2010) » 4&ip| & M S & e % > &
FHEZERRAAEI A BREHEHPRBE DL ALEARA S FFTR)ETRH
€ L AeaTR 0 Fw TRE ok e it 1* ¢ ¢ = & rpF A e 4% (Hau et al. 1998,
2008) & #f e B A pE A b e A M (plasticity)id ¥ 3 BEf 0 A - L APk
BomerUd] > 3 H RV B B E p 2 4t g aha £ (Stevenson and
Bryant 2000) > 2 2 # ¢

G Pl FERMIERGERNG R SAFACER R IML TR S

ZAE R RS V- BREERIEEHET R R

PeopEh e a3 % £ @ 5 & i g % 5 (Perrins and McCleery 1989)- i /-
EAFUESFFETE ERAFTZHERERN TR F LA R0 § e

v

W%E%@%“%ﬁi’mwwlﬁ’ﬁﬁ#?P%ms’éﬁ%aﬁﬁma

T o0 55 F R 4o eif R % 1 (increasing temperature) @ i 3 B

(Schaperetal. 2012) » ¥ " ;BB A £ T 4 (£% ch¥F]F » A 22 R B HH P 6 4

frE(Eyady s AER) A & B RE dpa g P(Schaper etal. 2011) - 40 %

TR ‘&ﬁ%?iéﬁﬁﬁiﬁﬁﬁ%ﬂ’U£ ERGHESEEFN
7

(fitness)e ™ e > AR B2 L AFHEAT R EFERE L FH -

2530 R R AR E Al BN AN e B A iE 0 M RERT A
?o?ﬁﬁ&ﬂ?:’§~é%m%m?%”%”i?¢“ CEFERHERF
AEP) o R RS DR i AR R P EET AN A A ARE T

M£%ﬁ$ﬁﬁ®wmmm%%?ﬁk—%%i%%iﬁk’%F#ﬁi@%

FTNFOPRERET b o 2 2 ARFET @ 57 o Fla PR PR

F]+ F Jg(Dawson 2008) o ¥ - B f#E G S S EOGEF B AR o FF LK 5

G o S B A b 70-90%( £ E 0 2006)  Apste o B d R L
25



ZHPRMFEFREGE FHY SfapERAL RERV

e p (25.8%) - ¥ A2 P (24.4%)% fEiep (13.8%) % & 5 & (X 23 > 2009) ¢ £
PR RAHEFREADF BRI TR AP PEAFEATP RZEE[ERFN
FoRan bk BE R T SR L Aotz o f% » FRELA B R T4
P R AP chie TR S8(Winkler et al. 2002, Dunn 2004) -

EEA 2 LAY DR R FEE A BN 9 P ik 42 (food-mediated
process) > & @ ARG 85 % ende o pE AV 22 4 & 4 (Wikelski et al. 2000, Boulton et

al. 2011, Styrsky and Brawn 2011) » ¥ {f &_f Iy #1F § Li¥ F chde f 7 4ot
(Auer etal. 2007) - Chang et al. (2013)45 1 & > § ef e 2 PR ~ 2 R £ &
E
=

ZEgemt AL L E 230 kBT Ra aAFET Y R 5 E LR SR
BEBORALLER CACPELRAM VYR ORFIFATE RFHLIBROF F

(F 15 > 2009) » *+ 2010-2014 & ch% E 5 A o B> 40mmeo § 5 % & At
BTV RELRE S b ig P A chat B (Chang et al. 2013) o £ 0 aR| A E IR F 1R D

B %o 5 5 a ¥ H 4 3 iE 47 (biological process)e* 4] 4 P &g > AR $F e ftE

|

R M3 40mm hd # P a R F (Chang et al. 2013) > "% & ¥4 & 55 % 78 gl 58

HF
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$o& BALERES

ARENP FPRTIRE LT BB AR g FALENED EF G-
e Mo BEAREF R L B T 0 LR E - BAER T URERESPE L
AR R o vE R Kk KR @ F %54 pr(Radford and Du
Plessis2003) - & * » 2 B ¥ hx § - #th § &4 F { % i £ A %22 * (Tinbergen
and Dietz 1994) > @ AL 5 R & & { § omer & ‘mfr(Radford et al. 2001) » F]@ 5 >
LAl ox > BEY XA FTR{HOERS Lo RO L e FEE > Fla i@ 7
MLE A S 4 (Avery and Krebs 1984, McCarty and Winkler 1999) » & # i i&
- g SR A il B T %2 %78 4 pr(Siikamaki 1996, McCarty and Winkler
1999, Skagen and Adams 2012) - 4 # & #p chf i FALEE T 0 B2 50 £ cofmd R
AEEH A A2 20 & 4 kb #cE 4 7 oW 4o A4 (Hsuetal. 2011) 5 A4
Frit SRR AT T PTIOEAR ERH R e ST e B ey 2] o
#F % (Liu et al. 2009, Hsu et al. 2011) > iz 4>+ % E E 2 bR S N fd 0 B € -
H B RF S o
Freslrs PEZZI LT LEDELFEIBSOEFFF 0 A&
o B s PR A RASEE G AT FE K FRFEP#2
W engg it o ROt iR AUE 2] P SRR T b B e0dh & 59(Spizella palloda) 2§ &
% ¥ (pooecetes gramineus) (Grant et al., 2005) o & FF B 5 F it 4o
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)i b 0 AR SR KD o
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SenFao @85 KAH & F X igH 4 (Martin etal. 2000) ; & ® > ¥ i
B AL £ b4k 2 i ieg 5hss £ (McCarty and Winkler 1999) - #rig it &
ik ReE > AME AT O PEEPLEA S RAME LRSS o
(4) P -t TR B BE e BT R L (F EAE > 1996) -
ERAREEL S LR TR D ATREY > RS
PR 2R 3 L EadEF a4 AU E v R Lo RS E e
825 0 o MF P SDH S  RE PR THR BIF RN S
pEALE € € 713 & (Montgomerie and Weatherhead, 1988) - # & R 5§ "%
M Fh s RRTORERE DT REV AT S F T E RS
3 (forced fledging)(Pietz and Granfors, 2000) » & i< & % 4L 3 @ PR "% o
R P ESTS F R RERF IO RS KBS
F]+ > & A g7 7 - X (Rotella et al. 2000, Rotella et al. 2004, Newlon and Saab
2011 - WEF R FEEH SFH LB EDTR L FOMER L AT g SR
& 3 & (Newlon and Saab 2011) » F]* » i Z & ¥ i b & 3 dFaficid 2 §
BB 0 M E N B & 5% 5 (Rotella et al. 2000, Newlon and Saab
2011) - AR F e EREREMR G F o B o PO E T TR
EBE & o 2 {5 % rx(Coates et al 2008, Ball and Bayne 2012) -
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BAEMT EREBTE o E > BHILINEEF LA TR IR kB
Flaspohler etal. (2001) » *%3 =+ £ F(A) =S +FxSj» 2 ¢ S, 5 = § 35 > S,-
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Lg 2 5 EF039™ ~ o8 2 g F A FEEE S § 91— L (Ricklefs 1973) ;
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By - AR s o HE EATRA(renest) > A ¥ - A BALHEE > RF Q
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SABAa e R 2011 £ 2 2014 E > Hep s Erd RAMASH TR

B}
BoFAREATHR Ko ApF 2014 ERNR- HEAERL AFH AT F

-

S HI PSRRI Lo KA PORAPHN LRI R ERG Fo K
LI B2 R aRA JRERR- SRF PRI G G TR RRE T E
FERTATD AR NF B PR LA S 2 0 bl g ot g
§ g 48 (facultative multiple breeders) » 4o # L ¥ &t o 4§ > & E ¥ L #c s

PEEL AL DT F o ST E L g (Pocaeruleus) 2 < Wi (P major) 87 3

B S FEAPERDE > S HGFTRE Y S gupe R TLEFED
FoE ML BEATRREN N FoO LB E B EFEM TR TRER RS
SRl BRI AR BAY D Lt G T B4 A4 ERT AR

% (Visser et al. 2003, Husby et al. 2009) - 4&ip| % iz S B4 £ B L % 5 g 58
PR AE ARSI RAOFR TP ASENENAYRAFRM DS 2 LR
- HPEEEEAES - Lant b MR E4 F4 o % ¥ B (second brood
hypothesis, Visser etal. 2003) 2 % 5 i3 & & 2L % A5 R AR R B KR 5

v E RS B R R YR PERS RER
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