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Abstract

Survival rate is an important indicator to evaluate population trends. Population may
decline due to the low survival rate. Therefore, we can take an appropriate conservation
measure to increase the survival rate to maintain the normal population size among the
species. The data was collected from the Monitoring of Avian Productivity and Survivorship,
Taiwan (MAPS Taiwan) with the capture-recapture approach at Wushikeng, Heping District,
Taichung City(Wushikeng banding station), Hushan, Douliu City, Yunlin County (Hushan
banding station ) and Huben, Linnei Township, Yunlin County (Huben banding station ) from
2009 to 2013. The main purposes of this study are (1)using Cormack- Jolly-Seber (CJS)
model to estimate the annul apparent survival rate and recapture rate of four adult resident
bird species, including Gray-cheek Fulvettta (Alcippe morrisonia), Dusky Fulvetta (Alcippe
brunnea), Rufous-capped Babbler (Stachyris ruficeps), and Taiwan Scimitar-Babbler
(Pomatorhinus ruficollis). Factors such as year, sex, banding station, and whether survival
rate affected by that capture only once may influence the survival rate were tested. (2) Using
Kaplan-Meier method to establish the survival curves of the preceding four bird species, and
to test whether the survival curve differs with different sex or banding station. Finally, we
will propose a modified method for MAPS Taiwan program based upon the findings from
this study. The results of CJS model indicated that annul apparent survival rates for Gray-
cheek Fulvettta is 0.68 £ 0.09, for Dusky Fulvetta is 0.58 + 0.06, for Rufous-capped Babbler
is 0.36 + 0.07 and for Taiwan Scimitar-Babbler is 0.40 + 0.16. Annul apparent survival rate
of Gray-cheek Fulvettta is higher than other three species. And annul apparent survival rate
of Rufous-capped Babbler is the worst bird species among the four species. Annul apparent
survival rates for Dusky Fulvetta differ among years (g: 0.53 ~ 0.71). Annul apparent survival
rates for Gray-cheek Fulvettta, and Dusky Fulvetta were affected by the factor that capture
only once. Different annul apparent survival rates for Gray-cheek Fulvettta ~ Dusky Fulvetta
and Rufous-capped Babbler were found among banding stations. Annul apparent survival
rates were different between the male and female populations of Gray-cheek Fulvettta. The
average survival time for four bird species is less than one year from the result of K-M
method. Significantly different survival curves for Gray-cheek Fulvettta were found among
different banding stations. Low recapture rates and small sample sizes were found in this
researcher. Therefore, in order to collage date to analyze survival rates, it can modify the
method by changing the capture-recapture scheme, and rearrange the net setting by increasing
the number of nets. In addition to the annul survival rates obtained from this study, further
data collection for the population size as well as the reproduction of the four bird species will
help us to have a better understanding about the dynamics of the populations for taking a best
measure for conservation and management .

Key words: survival rate, recapture rate, survival curve, Cormack-Jolly-Seber (CJS) model,
Kaplan-Meier method
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£ 4 #8.5 (Cormack 1964; Jolly 1965, Seber 1965) » H ~ 47in A2 5 1 (1) 2 & % XK
Z 05N o (2)2F = i * H758 (general model) T iE 7 3§ & & & < (goodness of fit) - (3)iF = &
MO RN EE R R i e s > (4)F1 % corrected Akaike’ s Information
Criterion (AICc) &t quasi-AlCc (QAIC)»t# it 5% . & ¢ » iF I8 & if et > (B) 5 18
DEFSE SRS S ST E N Y 41" program MARK
#i% %8 i& 7 (White and Burnham 1999) -

CJS model # ™ 3+ @ + %+ (open population) & 48 4f 4= fh-ie- £ 4f 48P %)
ﬁﬁﬁﬁ’ﬂﬁﬁﬁfé'@%j%%&%%%%ﬁmﬂﬁwkﬁ@ﬁﬁﬁ$,Q%
7oA R BREPFE () R D R ()i S b o Q) 2 Hie 7 § R E B2
%’fpﬁxgﬁ% A)d I HHEOFIEEFT R BH L3I p> oh (5)F

L RMAFRAOGEF T A D s B (6)4H 3 A 2 >0)D](+1) > #7
FEBRED N RS RS 2 - 2 (Cormack 1964; Jolly 1965; Lebreton et
al. 1992; Seber 1965) o ¢t -3¢ ¥ o — B % ¥ AL B 48 chpF i #F (time-dependent) & 7% ¢
(survival rate, @) 2 2 £ H 45 5 (recapture rates, p) > % & & B 3 A DD ()3 E S
SRR ()nE R P T EES B AR R T B B ()hg
(returnrate, ri= @i * pi)> B ~ & O & A e B AR ()0 £ AR oD S
BT I EE e e BAL %}tiﬁ:}&mﬁfﬁ% 2 H B o FRLSER DI A PRI
(maximum likelihood) s & 75 7% & &2 £ 4 $a.F > B * #2172 h2 58 5 (£(0]data, model)) »
A RpEEFRE)NTHA- BEXROEN T RY %frkgﬂﬁs T hiEE o ¥ ;;yisg
g Tk dqp 02 enis & (Mills 2012) - program MARK #x 48 f AR S b 8 T R )
» H %R E 28E 2 pd A E(Coochand White 2012) » F 42 w)/1 &, «0&_CJS model
Y BB lg TR A chR & e F = BB 9T 3b2 g fL 5 apparentsurvival rate
(Lebreton etal. 1992) - w = F &= L jﬁ&_, S RN R S T L S B MR

Bosb o 2 B 50 BB Tt R R B TR 2 2 a0 BE S
1—}33‘&’37 }F»*g_; ’#5;3‘56%,‘.{4&"‘—}':1’:*3_}\1%% ]F}\F;bo|\2ﬂ,\*3_‘\l_ﬁj’&7 g,J’T:F’,",{J
W pliE * $75% (general model) £_F 3§ & »t #7148 A 47 enF AL o — Ak F Sdic(parameter)



BAXS > AP chR R A E BT € FeAs s o THREH LR Fng ek %g
ARFoF BRI E L EARD fg_—\ ) —*\—f, T g : iﬁif:‘iﬁé{l'&(igﬁ‘% ’«L#Fl ERCE
-F-J}?L%}’L—w‘ FATE B 2 BE g o - j\r—‘"—*}* SR B2 Adrlic fEcE x 4/‘5‘SA
B e ¢ gF Ric(variable)ih? A A4 § BARE 2 Al > A KR
Lip ¥ *‘“‘3&@:@ mr%‘ b dogx rp% ERCEARN U S 3 S I e X el il
glp-rréﬁr}l?/r' ﬁwl?/r%‘ Fﬁﬁﬁiﬁmz'@"}w‘t‘ﬁ#&) o ILim t ’gfﬁﬁé
BERz 2L m%s—;,\ f i saturated model o d ***F 7 E L EHER  HHE

LR AR R ORGSR BREE  F RGN Y 1R - B "k’Aw"F’&abim’
ot aﬁ%g_} E#13 && > i _saturatedmodel 7 - T EF L&A f AT E B
T E R B 2R TR Sk RGN R R f R R ST
53 % §°5% (Coochand White 2012) o iz 455 A F2 5 > G 5 2 L 44 § R pr i (#)
Mw] s 12 % sk @ F o407 e (Bayne and Hobson 2002; Cilimburg et al. 2002; Gardali and
NUFZOOB)’ ] L ﬂ\ﬁjz%}?%’;;‘f :Ié‘i‘z‘:g):rﬁﬁ z?lz =B Eggﬁ&\.}'}\?_,l BE g 5T
53 % H5N 33 (7R 28N 2 P et i Ig{ﬂ, BeABGE S PTG SR
Fatr Flpt R ARl By TR Y R HE D RN R EG . ¥
FEF LR EHDBH 7o 5 54 B (floater) ® L&d 4 33T HRFP 0 T
P R e T A RN AL = b i g 5 Time-since-marking (TSM)
model(Pradel et al. 1997) » Mt f-58 h ~ PFRF P licie— Bl R o

l

ﬁ

AR 6 BHEGEFFEREE TSM 8ot o fL R gEcE - & 5

ﬂﬁ;ﬁ'\ﬂ‘ & :i(ﬂ) (p)

(o) FHAS FIFE R (o) (FREFIRE =5 £);
s B%F!F% (o) £ HSF S E2(p):
FHaLRFY fﬂf@:ﬁ?&%‘f“ (@)~ (p)(d > hfs - B EFREFE >
Flp F ﬁ‘b lE-:f [ St - ﬁ]ﬁx?; G F R RiE- e T T
g% (Lebreton et al. 1992))(s* #-5% 2 ézﬁ'{‘.ff’_m*g *H0EY) S

v oA

OEFCEEE . ﬁﬁq*“%::iﬁﬂgn@mﬁ(myh e RN
(02+)(2Tsm) » £ 3 #F 5 Z 2 (p)

)i F A 5 % - IHFRI TN F = IFRENH I () 5 - I HFHL PHE S
(02+)(BTsm) > £ H 4T 5 PERF R (D)

< -,,m %

qH T AR AR
me B T <

4@ﬁquﬂwwm”m»ﬁﬂLb*wWﬁwf IR IR P IR R
&mwm’ﬁ;ww%&@’@ »
(1) e g s (ra) (P);
(2) wEx 7:1 () » -ﬂi‘ﬁ#‘\ FlE B @ 3 (Dsex) 5
@) EHF AT HmE(p) FEF FS A 7 I (Fsex) 5
(4) 3R FELFRS T FULY A 7 (Bsex) ~ (Pse) (B 5 M5 F fcie il * 5554);

ZE 4B EFERAER O LS R Rl s S B



,a\-

(1) & LMMU .;'ZL(Q’) (P);
(2) FFF S E(e) £ RS TR LA 3 (Dsie) (P LB AL Ba A0 )
?«F&%_Z & 5 % F I )

,a\-

() & F Flfkka F ke (Bsite) » £ T H B (D)
(4) G3EFEE T E FIHREFD 3 (Bsite) ~ (Psite) (#° 5 13 e lo il * #
V)

xl«

e RIHCFS EF A g * TR A 4T ENTORAL S i £ A& & T (goodness of fit) o &5 3
i+ % B #E9k % fic(variance inflation factor, c-hat ) enfs B & ig 7 247 > #13) % B 8
UE R E T kTR TR AL $ B A& #sc(overdispersion) skt AT 0 H R NSy 2df (2
s Eedf Spd R) FREBOUEGEKAE 13 FA TR - SRR DERY
oo BER 1A FHARIT F AW 3P A TREAE IR E > T2 *
4 +7 (Cooch and White 2012) - 4 % £ SE %% i~ » 3> 7 5 .71 5 LFHE s
BB+ BREP N NEE P LR BT E SOl > FI TREE N 2 Fens
AR M 2FRAGN I E A PH  F LS E il BN (O 4 Wl
R REE)S R Mﬂs‘:» M #-(White and Burnham 1999) - % % ® #ic/ '8 % ic t
1-3F » PV 1134 6% B BOPE G licafe AIC: > T E_QAIC: > @ {4 i%iF QAIC: & {7
P58 et 1% (White and Burnham 1999) o

Program MARK #2 #% ix program release ~ bootstrapped testing £ median c-hat = #&
CERGEREBOUE G - SRR UG EER - BN E R R HOUE Gl
e g 5 Coochand White (2012)i2 5 - 38 fz & H_% % &3> FIL i 5938 (748 5 4R Bl
WAL TR S A FIR IS P 2 N R TR R AT FlA AR
7 E_g ;% 11 program release i {7 & B 0 = & i& {7 bootstrapped testing £ medlanc hat &
4 47 o Bootstrapped testing E_j&  de TR ¢ 2E 2 Rrendf R 0 U - B A % #(0-
12 F)¥ep B EE 55 ﬂ?ﬂ##&lﬁ LV %W%@ﬁrp AR T g
##ﬁ'\'@‘*ﬁf&*“ ’\#PL;P&»I@ VGRS MRS - BRI F SR
o BT F - ARG A FE S FAOTERREN AT B 5 o R RE
R 10 FF - XFRIEES v AR AL AT ET S L HFIPE RS
RES R ECA T BT R - A L RS RAAR 5 1D B RS SR
KA T BWE DS LR SRR S 10’3‘3ﬁ5ﬁﬁﬁ N oz E g
BROERF RS > SLBHMEE ISR Y u%/ FHRLFRF AL E ﬁm
1000 =% erfigi & 47 » TPz = 1000 B e st » ¥ G & T35% R # T 0% R gy
GO BESARE N EFREROUEGE AN LRHE \m%aﬁl&"f 'M‘ﬁ%‘ﬁi
FenT PR EE 20 R R R BOUE BE(R S % R ﬁt"f YR BN e R ik
pd }i(dewance degrees of freedom))“f R RSN hT 3a % B #OE R 4 #ic o median c-
hat ERE A RRREEOURGEAI )T o mEFONREE B2 AT AT K

L BRREBEWE GEc B GETEF 102 =afiEER(BEH S ;4 B Bootstrapped
testlng) BEIERBGET > RO HOUE Gl E ) RN h g R ik
R ff‘ﬁ%&mﬁxg I BEY R R AMBREEET ﬁ%hm%ﬂﬁﬂi"‘g hdc s



B s N h % R BORE Gl R E - 2R R E n_ﬁ_fru{ median c-hat »

2
8 2585 0.5z TEOFE e FIORE,

FEAFB AT EF AR R EOPR RO B P ERE BRI INERT R
e R FELRT T FIUEFF R (2)  (p) s L * HN iR T e A5 fEeh
é%”“%bﬁ@hm<$ BRE AR 5 118 s ML 115 L L 1658
5%’3‘:'%» 51930 FEF ,‘ﬁjﬂ—;}ﬁgi T FESE A 7 (Bsex) ~ (Psex) » 3 HF O e B
bk R B E S ML & i(chat < 3) i Esw s 1162 122 e § ] 5 eh
—w & if(chat=4.05>3) o 12 7575 27 £ 3 ¥ FlHsb A A I (Bsite) ~ (Psite) 7 3L *
Jfg_—\‘mfg,ﬁ | 5% % P %}% SERE sﬁl\btiivap % V,E(Chat<3) it iEixAs L 1.081.22
g7 158 > e | ¥ it 2 4 i (c-hat =4.27 > 3) - Program MARK ¥ #F 3% - 8
B A kBRSO &R BRTPEEAHG SEFRR RF o S H2 550
3bgkgkﬁ,mwﬁﬁ%ﬂ&@%ﬁﬁﬁﬁj@mmﬁéL%J&LBJW%J
ﬁLﬁ&;gﬁbimﬁ$QWﬁzg&%’fﬁﬁﬁﬁt*&ibﬁﬁ%%%*
P R B FRE 2 R T E G
FAZ e At g 2 BB BOLIR e 30 3t > 2 e B B RS D
FA H?mﬁ-;»\ o B M o S G p HER B A E B ITRER B R R i i
P L BRI TR B R R B R o R R AR T SR e st v
ﬁ,‘o

B fS - )’j‘ﬁ»{‘?'l'* POV E B R PeaE e 2 0N P AR A £ 3 PR o d 0
R 73 Pl gl § ABAR S AT A (bias)Ax i o e F BB (2 FERL)RF
233 DA TIEAARE 2 B4R > 51F Akaike’s Information Criterion (AIC)+#
™ BE 7 Armit 2fcd T A e B P T et » program MARK {ﬁ |+ ¥
* #ce corrected Akaike’s Information Criterion (AICe) 1 2 f i&— # & {7 % ﬁz’ié IE T4
e i+ = quasi-AlC(QAIC) kit (755 4 » ¥ (Q)AIC: | »t 2 (M A 8 &3 o ¥ ¢}
B(Q)AIC, e fE i 4% = | & 1 3+ 5 11(Q)AIC. weight(18 £ ,wi) @ & & & 580915 i
oo gt Bl BB E A 5 100 %) 0 O ARG 2 BT S A AR R gt Tﬁ ’
BB T B R E R PBER > BR(QAIC: 49§ TR ,T‘u? M EREE EfE
A f2Fahid o

3#&

7 ~ Kaplan-Meier method

Kaplan-Meier method(product-limit method, K-M )& % & 5 2 pF i & g ®l 575 o
Mehdht s N B e B OEREAEY B3 o 2 F RE RS
FOAE 3 ¥ 3R ALY e E e - RERIS BHEFEHO DY SL BHAAER

v

EH o B2t ,:j.,r.-_?‘ IR A

Ni: Y i FEnBEc - d: FYir- B



BRSNS RATERG Y PRRA 2GR EEE KM RS B
TR o L2 i 25042 35 B BT PR T DIPRR L i A S A 2 e
i~ i (Kaplan and Meier 1958) o F & § 1'1”\ ABR B - Ef RIS R RGe
G2 BRALLG &= od MEEEREE A - 4 & il g LI G 11 2009
SPEFE LG KA ﬁ*&tﬁrﬁﬁe = 2009 # 9 7" > d 3> MAPS Taiwan ¥ & >t 2+ % 7% %
Hog, FIPRETATE BHY FEIREFATRQR V) BEF TR EL - T
PHPAR S 7= edsdnBh o FRELAFRF 5 2013 £ 8 ¢ GE A gty (>LH
FoeKMZHFEAF PN EHERLEET 28827 [ PEFRARE" 287Kk
e KM 40 B § BT AW M T e a0 £ 407 Wilcoxon it = 1
TR R E ST LT HF LR 41T SAS I (7(SAS 93) -



2
~ 2.

Y s

i

—_—

SN

ClJS # Ve 7k Adic s @ Lifkzbze i 37 & gt 41 & 5 9 Akt 19 & -
P 25 B U E f T pE Raeiberepihd 5 20 8 (Table 2) o K-M j2 chi 4548 A B b i
Lifesbzelt 8 8 v ppi 11 8 gj;\fr 14 & » jpAfEbzed 08 vupi 14 8
A6 &R B LR R L 12 8 -« Bk 533 & (Table 3) -

PERY R dic e o % 817 AQAIC (130 2 40 2 st R R AR Y R
5 4N (AQAIC=0.00) > # € 5 053 %% 5 0.68+0.09 £ 3 # ¥ 5 019+
0.05; =t &5\ 3id ¥ & TSM & £ 4 i 5 F T (AQAIC=1.67) » € 5 023 % -
FFRISTNF - I REEFE T 5 056£0.18 % - I HGE s A S 5 071011
£ ##F 5 0.22+0.07(Table 4 ~ Table 8) -

P glce S R 4 BHRGCPAQAIC #0325 B F e L H i T F
L B (AQAIC = 0.00) » H#E 5 041 = & 54 4 é/rfy A Nl S «ﬁifFL«‘j’L
& Lo :?;(AQAIC 070) BE L 029 @2l ihsEF o74+011wgr+ R I
0.61£0.10 » £ 4% 5 0.19+0.05; ﬁ:;«:.;}%,; RN A SR L A R
F(AQAIC=0.70 » wi=0.16) » & & % 068+009 , Aarﬂ HHF 5 020£0.06 - vt
BPEFHRSF S 018+ 006122 5558 FiF 5L 2 F(AQAIC =0.70 » w; =
0.15) » 24 F 5% 5 080 £ 0.14 ~ ¥ 5755 4 0.55 + 011 &g s s 015+
0.06 ~ ¥+ £ 345 % 5 0.25+ 0.09(Table 4 ~ Table 9) -

Bt @i R FAQAIC % 2 5 2 BHS » U HnEFHLFASY L B
HEIF R ERER(AQAIC=0.00)#E 5 049 P LitkzbazaF 5 0.5710.14 .
EH#AS 5 0212009 @ AtrspagiEs 5 1.00£0.00~ £ 45 5 0.04+0.02>
PR OTESF LG 0712011 R HFAS L 0112009 st B A FESF AR
oL HFRFHHRET2RF(AQAIC=025) #E % 044> 3555 0.70£0.09 >
bRl RS A 01520057 Ak 5 008+ 004~ 5 Fantxt i 029
0.08(Table 4 ~ Table 10) -

K-M ;2 engiplBaor » M8 B aziady RplE k¥ L R (p=0.26)(Table 17 » Figure
7)otk ez isd 53 % £ £ (p <0.05) (Table 17 > Figure 8) » & % ¥Fufk zk iz &
WA FR P LEPARE TRETARE - R Ry - IR Tra L
Pk 2% - IR R FE S A W 5 5 F30.33) ~ @ 1i(0.15) ¢ @ ~(0.07)
HP B RFLEP AL Jy 2851 LR AT y ###&;Eb‘(ﬁgure 8) -
BRF R OTIBG AR 0742005 & > Bk R E o BB F R P LR
T3oG AR 5 061+£0.06~7 ~4kxk 5 05720.05 & ~ & £ ¥zt i 0.88+£0.10 # -
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ClS fislena vt A i i@ Ltk 30 & v op i3 20 & > /@ A fizbzed 22 € -
P16 & U Z § prue R 14 & s ppit 3 8 (Table2) e K-M 2 cha 45tk A B 5 39
Lkl 6 8 s 3 8 A2 & Akt 10 8 S pp 6 8 S 2y
A Q&2 g pru Rt 38 vppd 28 s Mu ko6 & (Table3) -

PR R DGR BTAQAIC 2t 2 thg 4 B B FE LRSS
PR L5 B3 B8 (AQAIC = 0.00) > ﬂ-:%:at % 0.27 > 2009- 2012 & & FF e e X & B
% 053+010-0.71+0.15+1.00+0.00» £ ff# F A 5 075+ 0.13 - 0.54 + 0.13
0.29+0.08 B 5 0.36+0.00; = & 5" 5 ,; SRS FZ(AQAIC = 0. 26)
BE 023> 355 058006 L4455 0542008 #Firh i 3ad il
T AR LR %1 (AQAIC=0.37 » wi=0.22) » 75 % 5 0.64+0.07 » 2009-2013
£ & kA 5 067+013-055+0.12-0.44+£0.11 027 +0.10 ™ % %55

5 TSM e g iﬁﬁd SR (AQAIC =158 wi=0.12)» % - HFHRISF|F =
T PEEEF 5 05820.08 ~ F o S aSs gg B 5 0.731£0.11 0 2009-2013 & &
Benf RS e A 5 0732013+ 057+0.12 ~ 0.44 £ 0.11 ~ 0.26 + 0.10(Table 5 ~ Table
11) -

Pn] e hd S BT AQAIC (|2t 2 shE § 1 BRGS0 A R A
B 2% B i 5V (AQAIC=0.00) > & 5 054 3E 5 5 0.58+£0.06 ~ £ 4 #.5 5 0.54
+ 0.09(Table 5 ~ Table 12) -

ﬁ‘“&%ﬁi‘@ﬁﬂ“%&ﬁ-‘r AQAIC /|3 2 e 2 BHES > U B EF e LA ¢ H
T3 b4 WV (AQAIC=0.00) > £ 5 051 5% 5 05820.06 ~ £ 3k 5 0541
oog,ﬂaﬁf}\ ;T#«m SRR B RS 515 % (AQAIC=1.06):# £ 5 0.30
LG A L 0612008 P AL 0462008 5 7tk 0.70£0.12
£ ##.%F 5 0.54 £ 0.09(Table 5 ~ Table 13) -

K-M 2 &g iRl B o » ’n’n"aﬁ"ﬁ” Mw ez EY Ry A F L P (p=0.19-0.95)
(Table 17 » Flgure9 10) - é@@— e BT F - SRt TE L e S

TR R FESF S 039’)1 2 LB E ARG £ H e s(Figurell)-.
A MenTEHGERFRE L 08912013 & o

CIS Wb i fifh Al i Lifheh 133 & 9 AJEE 38 £ 12 § 24k % 50 &
(Table2) c K-M iz a4t A 8ci P35 8 » A4k 16 £ 0% g 2k % 20
& (Table 3) -

PR e i R BT AQAIC (2 2 eh 2 BHESN > s R B R RS RS
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22 % &%ﬁ:;‘(AQAIC-OOO) L5 0500 3iEF 5 036007~ £ 4485 5 0.46
+012; T BHN L FEF S TSM R 8 S 5 A2 (AQAIC =141)» {# € 5 025>
¥ - /k;ﬁ&,‘ P % A RNFESF S 0452017 B o AHF R OFTES L 032
0.09 > £ # i  % 0.39 £ 0.15(Table 6 ~ Table 14) -

Rk R i e en 5 & BT AQAIC /|2t 2 mp 2 B BT aL 4?“#&* (G|
i BV (AQAIC=0.00) £ 5 047> 3555 036£0.07~ £ H 45 5 047+
012 ZBHZ FEFELHFRS Y G ﬁ,é-F'“Z = ( AQAIC =1.36) » ## & = 0.24 >
P lifkEhey S 5 044+£0.10 ~ ﬁ#ﬁ'i}"‘i\ 2 035+0.12 P A3 A S 5 014+
007~ £ ## 3 % 1.00£0.23 > § £tz E 5 5 031£0.09 ~ £ 4 5 5 078+
0.23(Table 6 ~ Table 15) -

K-M 2 e Rl g m st eniz o d S m g ¥ £ 2 (p=0.96) (Table 17 Figure 12)-
AR - LR P S - IR TEL RS N - I RS R GRS
503037 182 BHFEINELE TG L FHIes(Figure 13) o L Bf enT 3575 E PR
% 0.74+£0.07 & -

7~ /J\ %‘w‘ﬂ%ﬁ

ClS HVena 7k Adic s @ Lifkzbzeyd 13 & v ppfd 15 € -9 Akt 22 & -
ppft 8 B (Table2) e K-M 2 cha 4k Al Z P Lk ab2ef 58 ~ e 4 8 a4
18 pAthebaepd 28 v 38 v Huib g (Table3) -

PR e cni % 87 AQAIC Jp 20 2 ehn § 1 B HESS o s s RS
HE 5 B 2V (AQAIC=0.00) > # & 5 055 &% 5 040+0.16- £ #FL#’L-f 5 042
+ 0.24(Table 7 ~ Table 16) -

K-M 2 s ipldgm B e eng e MakF L B (p= 009) (Table 17 Figure 14)-
i 2 i B F - SR S TR L muefw*fa:— 3 S R
5 030 T E B EEI BTG L HFages(Figure 15) o /| i cnT 355G R
0.90+0.16 & -
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"L
v =

N

2010-2011 #cn3E 5 > Ve RFF 8P FTRSREDEL - A RNEZIF TR E
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Table 1. The locations, elevations and habitat types of the banding stations, and number of mist nets in each of the stations.

Banding station Location Elevation (m) Habitat descriptions Number of mist nets
Wushikeng Heping District, 1000 Grasslands, plantations (Taiwan 10
Taichung City cryptomerioides, Cryptomeria japonica,

Cunninghamia lanceolata), secondary

forests, and natural forests

Hushan* A Douliu City, 300 Bamboo plantations and broad-leaved 8
Yunlin County mixed forests, betel palm plantations
B 10
Huben Linnei Township, 300 Bamboo plantations and broad-leaved 10
Yunlin County mixed forests

* Hushan Banding Station was composed of site A and B. The minimum distance between site A and B was 200 m.
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Table 2.The analysis sample sizes that using CJS model for Gray-cheek Fulvettta,
Dusky Fulvetta, Rufous-capped Babbler, and Taiwan Scimitar-Babbler at each of
the banding station.(M: male, F: female)

Species Study site Sex Sample sizes
Gray-cheek Fulvettta Hushan M 37
F 41
Huben M 19
F 25
Wushikeng M 29
F 29
Dusky Fulvetta Hushan M 39
F 20
Huben M 22
F 16
Wushikeng M 14
F 3
Rufous-capped Babbler Hushan 133
Huben 38
Wushikeng 59
Taiwan Scimitar-Babbler Hushan M 13
F 15
Huben M 22
F 8
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Table 3. The analysis sample sizes that using K-M method for Gray-cheek Fulvettta,
Dusky Fulvetta, Rufous-capped Babbler, and Taiwan Scimitar-Babbler at each of the
banding station.(M: male, F: female, U: unknown)

Species Study site Sex Sample sizes
Gray-cheek Fulvettta Hushan M 8
F 11
U 14
Huben M 9
F 14
U 6
Wushikeng M 12
F 12
U 33
Dusky Fulvetta Hushan M 6
F 3
U 2
Huben M 10
F 6
U 0
Woushikeng M 3
F 2
U 6
Rufous-capped Babbler Hushan M 35
Huben F 16
Wushikeng U 20
Taiwan Scimitar-Babbler Hushan M 5
F 4
U 1
Huben M 2
F 3
U 5
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Table 4. Summaries of model selection results for adult Gray-cheek Fulvettta to examine whether apparent survival rate and
recapture rate vary with (a) time(including TSM model), (b) sex, and (c) site during 2009- 2013.

Variable (current c-hat) Model A QAIC, Wi K QDeviance
Time(1.18) a(.)p(.) 0.0000 0.53365 2 83.7456
g(TSM)p(.) 1.6697 0.23157 3 83.3579
a(.)p(t) 3.3642 0.09925 5 80.8782
g(TSM)p(t) 47213 0.05035 6 80.1179
a(t)p(t) 4.8468 0.04729 6 80.2435
a(t)p(.) 5.2908 0.03788 5 82.8048
Sex (1.16) a(.)p() 0.0000 0.40563 2 85.1894
a(sex)p(.) 0.7040 0.28527 3 83.8360
a(.)p(sex) 1.8776 0.15864 3 85.0096
a(sex)p(sex) 1.9835 0.15046 4 83.0385
Site (1.08) g(site)p(site) 0.0000 0.49263 5 79.2786
a(.)p(site) 0.2485 0.43507 4 81.6242
a(site)p(.) 4.6721 0.04764 4 86.0478
a(.)p(.) 5.9895 0.02466 2 91.4998

wi: model weight, K: number of parameters, time: differs through time(year), site including Hushan, Huben and, Wushikeng, @:

apparent survival rate, p: recapture rate
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Table 5. Summaries of model selection results for adult Dusky Fulvetta to examine whether apparent survival rate and recapture
rate vary with (a) time(including TSM model), (b) sex, and (c) site during 2009- 2013.

Variable (current c-hat) Model A QAIC, Wi K QDeviance
Time(1.15) a(t)p(t) 0.0000 0.26621 6 81.7381
a(.)p(.) 0.2554 0.23429 2 90.4371
a(.)p(t) 0.3693 0.22132 5 84.2568
a(TSM)p(t) 1.5750 0.12112 6 83.3131
g(TSM)p(.) 2.3109 0.08383 3 90.4198
a(t)p(.) 2.5815 0.07322 5 86.4692
Sex (1.22) a(.)p() 0.0000 0.54443 2 85.2481
a(sex)p(.) 2.0677 0.19362 3 85.2431
a(.)p(sex) 2.0690 0.19349 3 85.2444
a(sex)p(sex) 41471 0.06846 4 85.2245
Site (1.22) a(.)p() 0.0000 0.51309 2 85.2481
a(site)p(.) 1.0632 0.30153 4 82.1407
a(.)p(site) 2.8393 0.12407 4 83.9167
g(site)p(site) 4.2488 0.06132 6 81.0534

wi: model weight, K: number of parameters, time: differs through time(year), site including Hushan, Huben and, Wushikeng,

@: apparent survival rate, p: recapture rate
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Table 6. Summaries of model selection results for adult Rufous-capped Babbler to examine whether apparent survival rate and
recapture rate vary with (a) time (including TSM model) and (b)site during 2009- 2013,

Variable (current c-hat) Model A QAIC, Wi K QDeviance

Time(1.65) a()p() 0.0000 0.50235 2 30.5650
2(TSM)p(.) 1.4131 0.24783 3 29.9342
a(.)p(t) 3.2015 0.10135 5 27.5896
a(H)p(.) 3.3828 0.09256 5 27.7708
g(TSM)p(t) 5.0759 0.03970 6 27.3746
a(t)p(t) 6.8685 0.01620 7 27.0624

Site (1.58) 2(.)p(.) 0.0000 0.46530 2 31.9192
g(site)p(site) 1.3649 0.23515 5 27.1072
2(.)p(site) 2.0241 0.16912 4 29.8404
a(site)p(.) 2.5438 0.13042 4 30.3602

wi: model weight, K: number of parameters, time: differs through time(year), site including Hushan, Huben and, Wushikeng,

@: apparent survival rate, p: recapture rate
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Table 7. Summaries of model selection results for adult Taiwan SC|m|tar Babbler to examine whether apparent survival rate
and recapture rate vary with time (including TSM model) during 2009- 2013.

Variable (current c-hat) Model A QAIC, Wi K QDeviance

Time(1.93) a()p() 0.0000 0.55324 2 17.8839
g(tsm)p(.) 2.1783 0.18617 3 17.8718
g(tsm)p(t) 3.1665 0.11358 5 14.2673
2()p(t) 3.4957 0.09635 5 14.5964
a(t)p(.) 5.2675 0.03973 5 16.3683
a(H)p(t) 7.8473 0.01094 7 14.0491

wi: model weight, K: number of parameters, time: differs through time(year), @: apparent survival rate, p: recapture rate
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Table 8. Apparent survival rates () and recapture rates (p) for adult Gray-cheek Fulvettta during 2009-2013, estimated using the

best models (AQAIC. < 2) from the model set used to examine time effects (Table 4.).

Model a(.)p(.) g(TSM)p(.)
Variables  Estimated SEs 95% ClI Variables  Estimated SEs 95% ClI
g () 0.68 0.09 0.48-0.83 g1 0.56 0.18 0.24-0.84
22 0.71 0.11 0.47-0.88
p() 0.19 0.05 0.11-0.31 p() 0.22 0.07 0.11-0.39

@ (.): apparent survival rates are constant, p (.): recapture rates are constant, @ (TSM): apparent survival rate during 2009-2010
(21),and apparent survival rate during 2010-2013 (@) are difference, SEs: standard errors, 95% CI: 95% confidence intervals
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Table 9. Apparent survival rate (g) and recapture rate (p) for adult Gray-cheek Fulvettta during 2009-2013, estimated using the

best models (AQAIC. < 2) from the model set used to examine sex effects (Table 4.).

Model a(.)p(.) g(sex)p(.)
Variables Estimated SEs 95% ClI Variables Estimated SEs 95% ClI
7 (.) 0.68 0.09 0.48- 0.82 g (male) 0.74 0.11 0.49- 0.89
g (female) 0.61 0.10 0.41- 0.79
p() 0.19 0.05 0.11- 0.31 () 0.19 0.05 0.11- 0.31

@ (.): apparent survival rates are constant, p (.): recapture rates are constant, @ (sex): apparent survival rate vary with sex, SEs:
standard errors, 95% CI: 95% confidence intervals
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Table 9. (Continued) Apparent survival rate (@) and recapture rate (p) for adult Gray-cheek Fulvettta during 2009-2013,
estimated using the best models (AQAIC. < 2) from the model set used to examine sex effects (Table 4.).

Model a(.)p(sex) a(sex)p(sex)
Variables Estimated SEs 95% ClI Variables Estimated SEs 95% ClI
2 () 0.68 0.09 0.49-0.83 g (male) 0.80 0.14 0.42- 0.96
g (female) 0.55 0.11 0.33-0.75
p (male) 0.20 0.06 0.11-0.34 p (male) 0.15 0.06 0.07-0.31
p (female) 0.18 0.06 0.09-0.32  p (female) 0.25 0.09 0.11- 0.46

@ (.): apparent survival rates are constant, @ (sex): apparent survival rate vary with sex, p (sex): recapture rate vary with sex,

SEs: standard errors, 95% CI: 95% confidence intervals
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Table 10. Apparent survival rate (@) and recapture rate (p) for adult Gray-cheek Fulvettta during 2009-2013, estimated using the
best models (AQAIC. < 2) from the model set used to examine study site effects (Table 4.).

Model @ (site)p(site) @ (.)p(site)

Variables Estimated SEs 95% ClI Variables Estimated SEs 95% CI
g (Hushan) 0.57 0.14 0.31-0.80 () 0.70 0.09 0.51- 0.84
@ (Huban) 1.00 0.00 0.02- 1.00

@ (Wushikeng) 0.71 0.11 0.46- 0.87
P (Hushan) 0.21 0.09 0.08- 0.44 p (Hushan) 0.15 0.05 0.08- 0.28
p (Huban) 0.04 0.02 0.02-0.09 p (Huban) 0.08 0.04 0.03- 0.20

p (Wushikeng) 0.29 0.09 0.15-0.49  p (Wushikeng) 0.29 0.08 0.16-0.47

@ (.): apparent survival rates are constant, @ (site): apparent survival rate vary with site, p (site): recapture rate vary with site,

SEs: standard errors, 95% CIl: 95% confidence intervals
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Table 11. Apparent survival rate () and recapture rate (p) for adult Dusky Fulvetta during 2009-2013, estimated using the best

models (AQAIC. < 2) from the model set used to examine time effects (Table 5.).

Model a(t)p(t) a(.)p(.)
Variables Estimated SEs 95% ClI Variables Estimated SEs 95% CI
g (2009-2010) 0.53 0.10 0.34-0.71 () 0.58 0.06 0.46- 0.69
2 (2010-2011) 0.71 0.15 0.37-0.91
g (2011-2012) 1.00 0.00 0.00- 1.00
B 0.36 0.00 0.36- 0.36
p (2010) 0.75 0.13 0.44- 0.92 p() 0.54 0.08 0.38- 0.69
p (2011) 0.54 0.13 0.30 -0.77
p (2012) 0.29 0.07 0.18-0.43
B 0.36 0.00 0.36- 0.36

@ (.): apparent survival rates are constant, p (.): recapture rates are constant, g (t): apparent survival rate vary with time(year), p

(t): recapture rate vary with time(year), B: @ 011-2012)* P (2012), SES: standard errors, 95% CI: 95% confidence intervals
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Table 11. (Continued) Apparent survival rate (@) and recapture rate (p) for adult Dusky Fulvetta during 2009-2013, estimated

using the best models (AQAIC. < 2) from the model set used to examine time effects (Table 5.).

Model a()p(t) g(TSM)p(t)
Variables Estimated SEs 95% CI Variables Estimated SEs 95% CI

g (.) 0.64 0.07 0.50- 0.77 21 0.58 0.08 0.42-0.73

17} 0.73 0.11 0.46- 0.89

p (2009-2010) 0.67 0.13 0.40-0.86  p (2009-2010) 0.73 0.13 0.42-0.91

p (2010-2011) 0.55 0.12 0.33-0.76  p(2010-2011) 0.57 0.12 0.34-0.77

p (2011-2012) 0.44 0.11 0.25-0.65 p (2011-2012) 0.44 0.11 0.25- 0.65

p (2012-2013) 0.27 0.10 0.12-051  p (2012-2013) 0.26 0.10 0.11- 0.49

@ (.): apparent survival rates are constant, p (t): recapture rate vary with time(year), @ (TSM): apparent survival rate during
2009-2010 (21),and apparent survival rate during 2010-2013 (g2) are difference, SEs: standard errors, 95% CI: 95% confidence

intervals
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Table 12. Apparent survival rate (@) and recapture rate (p) for adult Dusky Fulvetta during 2009-2013, estimated using the best

models (AQAIC. < 2)from the model set used to examine sex effects (Table 5.).

Model a(.)p(.)
Variables Estimated SEs 95% ClI
() 0.58 0.06 0.46- 0.69
p() 0.54 0.09 0.37-0.70

@ (.): apparent survival rates are constant, p (.): recapture rates are constant, SEs: standard errors, 95% CI: 95% confidence

intervals
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Table 13. Apparent survival rate (@) and recapture rate (p) for adult Dusky Fulvetta during 20092013, estimated using the best

models (AQAIC. < 2)from the model set used to examine study site effects (Table 5.).

Model a(.)p(.) a(site)p(.)
Variables Estimated SEs 95% ClI Variables Estimated SEs 95% CI
() 0.58 0.06 0.46- 0.69 @ (Hushan) 0.61 0.08 0.45-0.74
@ (Huban) 0.46 0.09 0.29- 0.64
@ (Wushikeng) 0.70 0.12 0.44- 0.87
p() 0.54 0.09 0.37-0.70 p(.) 0.54 0.09 0.37-0.70

@ (.): apparent survival rates are constant, p (.): recapture rates are constant, g (site): apparent survival rate vary with site ,SEs:

standard errors, 95% CI: 95% confidence intervals
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Table 14. Apparent survival rate (@) and recapture rate (p) for adult Rufous-capped Babbler during 2009-2013, estimated using
the best models (AQAIC. < 2)from the model set used to examine time effects (Table 6.).

Model a(.)p(.) g(TSM)p(.)
Variables Estimated SEs 95% ClI Variables Estimated SEs 95% CI
() 0.36 0.07 0.24- 0.51 o1 0.45 0.17 0.18- 0.76
22 0.32 0.09 0.17-0.51
p() 0.47 0.12 0.25- 0.69 p() 0.39 0.15 0.16- 0.69

@ (.): apparent survival rates are constant, p (.): recapture rates are constant, g (TSM): apparent survival rate during 2009-2010
(21),and apparent survival rate during 2010-2013 (@) are difference, SEs: standard errors, 95% CI: 95% confidence intervals
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Table 15. Apparent survival rate (@) and recapture rate (p) for adult Rufous-capped Babbler during 2009-2013, estimated using
the best models (AQAIC. < 2)from the model set used to examine study site effects (Table 6.).

Model g ()p(.) @ (site)p(site)
Variables Estimated SEs 95% ClI Variables Estimated SEs 95% ClI

7 () 0.36 0.07 0.24- 0.50 @ (Hushan) 0.44 0.10 0.26- 0.64

@ (Huban) 0.14 0.07 0.05-0.32

@ (wushikeng) 0.31 0.09 0.16- 0.50

p() 0.47 0.12 0.26-0.69  p (Hushan) 0.35 0.12 0.15- 0.61

p (Huban) 1.00 0.00 0.02- 1.00

p (Wushikeng) 0.78 0.23 0.21- 0.98

@ (.): apparent survival rates are constant, p (.): recapture rates are constant, g (site): apparent survival rate vary with site,
p(site): recapture rate vary with site, SEs: standard errors, 95% CI: 95% confidence intervals
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Table 16. Apparent survival rate (@) and recapture rate (p) for adult Taiwan Scimitar-Babbler during 2009-2013, estimated

using the best models (AQAIC. < 2)from the model set used to examine time effects (Table 7.).

Model a(.)p(.)
Variables Estimated SEs 95% CI
() 0.40 0.16 0.15-0.71
p() 0.42 0.24 0.10- 0.83

@ (.): apparent survival rates are constant, p (.): recapture rates are constant, SEs: standard errors, 95% CI: 95% confidence

intervals
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Table 17. Summaries of Wilcoxon test results for adult Gray-cheek Fulvettta, adult Dusky Fulvetta, adult Rufous-capped

Babbler, and adult Taiwan Scimitar-Babbler to test whether the survival curve varied with site or sex.

Species Wilcoxon test (site) Wilcoxon test(sex)

e df p e df p
Gray-cheek Fulvettta 9.0675 2 0.0107* 1.2517 1 0.2632
Dusky Fulvetta 0.0957 2 0.9533 1.6882 1 0.1938
Rufous-capped Balbber 0.0881 2 0.9569 NA
Taiwan Scimitar-Babbler NA 0.0879 1 0.7582

*: survival curve significant difference with site, Site including Hushan, Huben, and Wushikeng.
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Figure 1. The locations of mist nets at Wushikeng Banding Station.
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Figure 2. The locations of mist nets at Hushan banding station. Yellow polygon is
site A, and the red one is the site B.
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Figure 3. The locations of mist nets at Huben Banding Station.
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Figure 4. Levels of skull pneumatization for passerines(a-f are incomplete, g is complete)

46



WREE
2010-321-BR-HEREE

INEE
2011-4-16-MOR7K-H R B

2012-5-25-S Lt RS

2010-3-7-;0 25 -1 I B 4
FI5: 50 5 kAR A @) R (06 ©F ) (d)
TRTAS ~ % (e)fs B -
Figure 5. Levels of cloacal protuberance for passerines in Taiwan. (a) nonprotuberance,

(b) conical, (c) cylindrical, (d) bulbous, and (e) lying.
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Figure 6. Examples of brood patch for passerine birds in Taiwan.(a do not has brood patch,
b and c has brood patch.)
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Figure 7. K-M curves for male and female Gray-cheek Fulvettta captured in
2009. YEARS represents the length of Gray-cheek Fulvettta survived after they
were captured and marked.
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Figure 8. K-M curves of Gray-cheek Fulvetttas captured in 2009 at Hushan,
Huben, and Wushikeng Banding Station, resptively. YEARS represents the
length of Gray-cheek Fulvetttas survived after ther were captured and marked
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Figure 9. K-M curves for male and female Dusky Fulvetta captured in 2009.
YEARS represents the length of Dusky Fulvetta survived after they were
captured and marked.
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Figure 10. K-M curves of Dusky Fulvettas captured in 2009 at Hushan, Huben,
and Wushikeng Banding Station, resptively. YEARS represents the length of
Dusky Fulvetta survived after ther were captured and marked.
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Figure 11. K-M curves of Dusky Fulvettas captured in 2009. YEARS represents the
length of Dusky Fulvetta survived after ther were captured and marked.
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Figure 12. K-M curves of Rufous-capped Babbler captured in 2009 at Hushan,
Huben, and Wushikeng Banding Station, resptively. YEARS represents the
length of Rufous-capped Babbler survived after ther were captured and marked.
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Figure 13. K-M curves of Rufous-capped Babbler captured in 2009 YEARS
represents the length of Rufous-capped Babbler survived after ther were
captured and marked.
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Figure 14. K-M curves for male and female Taiwan Scimitar-Babbler captured
in 2009. YEARS represents the length of Taiwan Scimitar-Babbler survived
after they were captured and marked.
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Product-Limit Survival Estimates
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Figure 15. K-M curves of Taiwan Scimitar-Babbler captured in 2009. YEARS
represents the length of Taiwan Scimitar-Babbler survived after they were
captured and marked.
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