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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,
2009-2015. From the beginning of March to the end of August, we checked nestboxes
weekly and recorded the content of nestboxes and activities of birds. Thirty-six
Green-backed Tit (Parus monticolus) nests, Twenty-three Rufous-faced Warbler
(Abroscopus albogularis) nests, two Coal Tit (P. ater) nests, one Yellow Tit (P. holsti)
nest and one Eurasian Nuthatch (Sitta europaea) nest were recorded throughout the
2015 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 2009-2015.
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, breeding attempt was also the important
factor affecting daily survival rate for Green-backed Tits. Lower survival rate for the
first nest than the second one might be due to colder weather and lower food
abundance in early spring. In addition, regularly visiting nests had a strong negative
effect on nest survival for both species. On the other hand, video monitoring is an
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

VI



ABSTRACT

40-d period for Green-backed Tits across 2009-2015 was 0.82 £ 0.05, and the
probability of a nest surviving the entire 38-d period for Rufous-faced Warblers was
0.77 £ 0.07. In addition, adult survival for Green-backed Tits was 0.43 + 0.06. Based
on these parameters mentioned above, we estimated population growth for
Green-backed Tits by calculating the finite rate of growth A (range 0.68-1.57), and
found the probability of double brooding having an important role on annual fecundity.
However, the second clutch only occurred in 2011, 2014 and 2015 during our study
period. Data on avian and caterpillar phenology in 2015 showed that the maximum
food demands of nestlings for the two breeding attempt in Green-backed Tit were
corresponded to different peaks in caterpillar biomass and moth biomass. However,
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.

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, and build the

population models.
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SRRt s TP KR R i#lﬂﬁwukﬁiwﬁf*ﬁﬁﬂf 43 (3, R )
oo PR GhTR . TS - AR AN S - AR AR ITR . R 8
AP E AT L b2 B 2 (Blondel 1985) ¥ ¢k >+ £ 2000 # R % B o
TR PERERAORLET R s KRS EL Y B 2010-2015 £ F
Flo X § FALPIRY ERESE F BT Y L § % B 55k (COD550) » )=k
#1956 = = - 121°06'58” E, 24°31'37” N -

ZBEBuREFAH
" MARK 88 e 5 & 7% 75 0.2 (nest survival module):+ & & & 575 &

(Dinsmore et al. 2002) - »* #ic 44 # /‘Eﬁi%] MM S L RACERD )~ B HE D
BB REEZD I K SEFEGHE=08 7= =1)> 2 2 P4 G (encounter history)
g oo 5V R iR p s F(daily survival, S)fs 0 kB sE X #)(D)= > 0 T
LK ¥ AT ehPF B 55 & (period survival, SAP)e H B o W & 54 e B o
B3RP PENRLEEFPY BLIELBLD > R0 AW AT RIS
P SRR AR AR R A % ERPAERFIS L LR ERT
AR 2 g ok B A RERFM DL L FRE P HRTVRET RS
PEEP N > oA HPER ABFIME Y s RN ERprAF o Ry 2L R KHAE



TAME R N LAY FATFALSMEBRE TN HUARL AT S
#t & (Ball and Bayne 2012) » = 2| 2 5 * # 3k » Pl g Kok {8 350 2 R{sBR%
Piote i m &k ahp oo
% #5472009-2015 & gk e dr 0 X L B S BB p 237 150 (A% -
fer)  Ba g A RAEp 587 10p (s i) wEIFFLENEREF 53715
p 287 10pF » % 149= (encounter occasions) » # # . f = R E - LT F X #c s
40= (& 3 ASPHI5R ~ WP H AR > TEHY2LR); Atz e A o k¥
2009-2015# L zekh > tho B3 B4aBomp 237 270 (A % - fe9r) » B
AR 587160 (ML HE) BT e R AF53727p 287169 -
+ 143= (encounter occasions) 'tz & B = R A - K 47F A #2383 (¢ 7 APH5
T~ mEr TR o T EPI6R) o HNE B T A F] S 0 -H v % de(individual
covariates) 0 » #-58¢ o @ 35
1. #(YEAR) : 1 #4252009# 1 2015& £ 7& » T £ AR &/ > af F
ROERE S HHEEEFF R O HE L wFEFHT R BE
2. 4 (HABITAT) @ #9725 B chi 5940 A 5 X R4k2 L 14k ¥ £ 3
FiEFBERY > P FTRAEA G SR AGESFNLE
A RRhEN e FEREN LR ARERARE LE Y ERE DK
e
3. P#(AGE): B % &7 B RANFE(A WP~ T )2 p&s> Hikp

FEFTRAREREALpEIAY D KSR =S SEkEA
Falk NP
4, % FRX(ATTEMPT) t B am ik w2 5 5 - A T¥m L (&5 AP 230

AR UE - RFALEOI ) o R BAET NS § - E2

FE3FNEL > UE 5 - AP EATRANLE L F o
&

5. p* @ ®£(PRECIPITATION) : p ¥ a £ X ¥ i B M5 L ik p 355
REY TR AFOPET w2 MM p " §UmpEs

SRR ZXZEREIBEE AN N o
6. &' & (HEAVYRAIN): ¥ B8+ & £ 285 L 585 a5 g

g g(binary)* 50 Y€ A AR FEHRFEIORE A

~ |



Pt

SERFARBREE T LG F AL MEL ETRD &

FEEH P A EE20mm £ F 2010# 220148487 p A E
% 4% 2 7w 85% o

7. p =g (TEMP): 4 £ MG 7 it B
S S S

8. & xk(VIDEO) : ¥ EH R FH DR ALTF H 4§ &k ond ey > g

u g dc(binary) >t F R /R ERLTDEPEH D LFER X9

énhn

VIERE R P O3S T MR p IR A

~

RT U oo
9. wE»B(VISIT) : & & e e X £ F 3 4e b K 0% P > W %k
(binary)»tfi-58 # % i”ﬁ JEE » T LFE X gk iRT U7 e oo
iR F) S Ao H05% {8 0 1 5V 3E % (model selection)rt # AIC & > AIC, B i |

A

Fe 77 %ﬁifiﬁﬁiﬁ’%‘ﬁﬁ“' ENPERAEL KT & B AAICE <2

w

PO ALAR 2 AL R 3 iC3N (support model) o 2§ AZiE - B b ek R RSP
Rl Bk L R0 enT 3 e O F L B30 6 o072 48 2 (model selection
uncertainty, Burnham and Anderson 2002) o &4 £ #F st P o AT R en d B
freen it dic(estimate) 2 95% 3 #F W Y 1 9737 B 3 B F B R § TR P Rl
BWEHEFEMAe 20 PIZSEAM: PEFEFPELFT 5 F 2 0 FHB%
BHEERFe 70> RI3ZFS &2 555 F £ ¥ B (Amold 2010) -

TR EFEFA

2 MARK #x 88 «#live recapture (CIS)#- e 3+ 5 2009-2015# fF » 5 % Lig = §
%% % (White and Burnham 1999) - #-22 ~ ¥ & 4 & % e 2 w|(group) » & % £ %
& & (Phi) 2 LS (D) A3 A7 b & B 7 I (year effect)r & 321646 & & colsd
it S AIC iE > AIC i f0] % 57 & $id ehficst o

I ~%EILS2EGE

ix yx Flaspohler etal. (2001) > *# = £ F (M) =Sa+FXSj> Sy 5 = § &5 >
SjadrEk ¥ iy BEH 55 a- L (Ricklefs 1973) ; F R 5 & {3 5 4
(pairs)s st 4 A 4 > Bpph & EF 44 duwpd I f#k-F=05xBx [P+

PzXQ%] > H ¢



Pia % - ABFAELFETES S

Poa %2 ABAELIFETHES S

Qrlos{WRARLEF - AF AN SR ANLHF AT e 55 - &F
A prenE ATA K (renest) > M E B - KSR HEOF S5 K Q57
S A REI R R B R M IR RIS Y AR

ENTR - ARALE(CT A BHEE Y - AT E) o

CBER X AR &R

Ak EthEE(2010) R * L HE AT A GIRD » AR E R A
PFRER2B438T Rt A A WEFLXAA REALDPHETES
FEzteHF o nPR AR MBS RHEERFOEFETE ECETRB
b N A AR 0 4 W G R X Rkend i fl—+ < (Castanopsis cuspidata var.
carlesii) 2 # < ##(Cyclobalanopsis morii) » ;& % i & ¥ =% 2 +h—7 4§ (Alnus
formosana) » ™ 2 A 1 R g fRAHE— 4 412 (Taiwania cryptomerioides) 2 -
1o F AR L PEO o F A RO US> F EAHEEDE Y 3K 0 @

B WS AR AL ERT B & E BB T A L E B
LFRFOP DG LR EIE TR I R YR AKRE A

IR AR A AT BernE a0 PHE SR E S 51020 A thdkiE o B T
PEI102 @ K e b B4y 0 ) DAHTE A 4 R Bk IFS S @AM
Pk BFRRARGORER A B 0 HE T ko BT R4 R IXB D E KR o U
ol B Rt b ngie p S g bk 2 B R F o d Y BT ERD % B

FABBLOTIAE F OB RS AL PR i b %
S AP F AR s BiEw 3 018 0 Ak X T Bz 2 0.00019)

ﬁﬁ’ufiﬁ%Jﬁﬁﬂ%ﬁiﬁioa@’%ﬁﬂwﬁ@:,um 4y X 3 4P

S
[
@
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o

B
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7‘9‘?«
_3
I
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ZHRFOFBRGF R LREERAZTRHTEL LT RD S

S BRp A AEEZ TR

PR X ARNRE BERRE B S [ ERER M g A A
ERELEHOTBRIRE A IR ®R FRE- BBAEE A AT AR
— X BAPERELETAR LRI B T EFERT e 5 ud e
Pz i M FANAEL AA AP FR LT > VR p & R48LY 3 68EY
B w e BRIV AT o wfchatt i o shah r R T s b n i
I E R 22 % RPN FIERSG A RgarTg L o AT R NS

MR % E (A2 0.00019)F=E - F 08k i 2 FAR
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$- & 2015 LT AL BE VR
y 23

20154 % K f R Anh L0 K FF L B8R P28k 1
B Lk R LK FRAg e k0 RSl K P33R pR
(Tamiops maritimus formosanus) 4 * K fa A K fr¥ sm e 4% H @ 1L %728
B4 enz B 5 ¢k > @ 2434 F 4 i (Bombus flavescens)ig 1) @ Ak & #g i@ *
Wk o g R Y AL foR A - % T bR gR > BEE REAT IR
f i fa B 4+ 5 2 R 44 3¢ (Elaphe taeniura friesi) ~ % Lo % & (Niviventer
culturatus) ~ % # ¥ # 4§ (Murina puta) ~ ¥ = g (Kurixalus eiffingeri) ~ & = § &
(Apis cerana)fo& Bt Fp ik (Vespa velutina) % 5 & 5 L IF LB 12 fr &
BER Y KB P AR S e o

302015 #7382 R ARV e % AL AR Mg KR e
PR E TR P R (e ) IR B S R 0 BAE K
fRFCT 27 i 0 20154 £ gD w B (K)F A L T TR o g e
FESENPAE X

SHT R A LR B o R E T AP 2 R R

-~ ?—?4,/&

2015 5 # L g B ALY z4oB2-1(0) 0 A FFEE K2 A7 p 237 15p9
Y- A MAYTIEZ P P53 260 0 FELAE (2009-2015#F )E % F A g K 2
AP RIA*3715p 247 13p BF(RI2-1) > # % Lg% - ARAD PTIHE P
pEI3Y rend 98 § A ¥ £ AR BE(ANOVA > Fi4=27.04 > P =0.0065 > r’= 0.87 >
Bl2-2a) > fe 2227 > 1 28 (ANOVA » F14=0.20 » P = 0.68 > r’=0.05) ~ 2-3* * -k
£ & B (ANOVA > F1,=0.01 > P=0.91 > r>=0.003) -

2009-2015#  # L8 B 7 S Bche £ 2-1977 AL T BRHRE A 1 iRkge 2 R
B R 0 %Rk 5 16520254/ 2B (mean+ SE) > A 1 4k 5 148+ 0.24%F/ 2 E
(mean+ SE) » A 4 F A 2 & ¥ L £ (ANOVA > F11=0.25>P=063) - & § “rik
S o0 2015#F F A NI rEcdE8icreng K(n=2) 0 LA BB T k&

11



ZHEMFAARGE F LA EFTAENTLETAAS

e

A FrBETI S K 5 4% 20158 - ARALOF TEEFROTF 2R

3

% 5% 5 (ANOVA > Fr35=14.47 » P=0.0006) & % — j chftdic ™ B % 3 *+ % - %
(ANOVA > F1290=6.63 > P=0.015) o k@ - igfk cra$$r R 2L 302009-2014 # chF
#1(2009-2014# % - A F “P¥c 1 5.1+ 0.13SE> % - & § “P#c : 521+ 0.14 SE »
ANOVA » F17,=0.33» P=0.57 ; 2009-2014# % — & §f#c : 464+ 021 SE > % =
# #ft#c : 453+ 0.20 SE » ANOVA > F157=0.14 > P=0.71) -

AATFTELR ’alr“$2009-'& RBEEXL ML FTHRE L EEAPTPERT
AR H20 N30 (pend 238 ~2-37 % & B 5(ANOVA > all Ps > 0.19r% < 0.40) »
2010-2015# T 354 “r %5 £ A 585.2+ 15.0 (SD)= -

12



Percent of progency

Percent of progency

- = B
*-F I EF
—e— Eggs of 1st clutches —e— Eggs of 1st clutches
a) 2009 b) 2010
60 - (@) —o— Eggs of 2nd clutches 60 - ®) —o— Eggs of 2nd clutches
™% —v— Nestlings of 1st clutches v— Nestlings of 1st clutches
—a— Nestlings of 2nd clutches —a— Nestlings of 2nd clutches
(total = 26 eggs) (total = 55 eggs)
Ao
40 A 40 -
Ao v X
T
20 A s 20 w
w
v
w
0 : 2 s : : 0 ; IF b o : :
4/1 5/1 6/1 7/1 8/1 4/1 5/1 6/1 7/1 8/1
(c) 2011 —e— Eggs of 1st clutches —e— Eqggs of 1st clutches
60 | —o— Eggs of 2nd clutches 60 | (@2012 —o— Eggs of 2nd clutches
v— Nestlings of 1st clutches ™, v— Nestlings of 1st clutches
—a— Nestlings of 2nd clutches —a— Nestlings of 2nd clutches
(total = 97 eggs) WVW (total = 94 eggs)
40 T 40 T v Y
v
w
v
20 4 20 4 v
0 T T 0 A T T
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)

WI2-1~ 20092015 B3 %417 K2 F 4.1 % el fpicA + o
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Percent of progency

Percent of progency

5h 5B 2\ | @ ozx 2 g T g b-
ZHRFOFIEGE BRI L5 5 iy TR
Eggs of 1st clutches
—e— Eggs of 1st clutches ——
e) 2013 () 2014
©) —o— Eggs of 2nd clutches —o— Eggs of 2nd clutches
v— Nestlings of 1st clutches v— Nestlings of 1st clutches
—a— Nestlings of 2nd clutches —a— Nestlings of 2nd clutches
(total = 66 eggs) (total = 44 eggs)
}}i
4/1 5/1 6/1 7/1 8/1 4/1 6/1 7/1 8/1
Date (m/d)
(g) 2015 —e— Eggs of 1st clutches
9 —o— Eggs of 2nd clutches
v v— Nestlings of 1st clutches
vaww —a— Nestlings of 2nd clutches
J v (total = 207 eggs)
T 3
v
v
v
v
v v
v
Ao
4/1 5/1 6/1 7/1 8/1
Date (m/d)

W2-1(H) ~ 2009-2015& BB # H 1% K a2 F 4 L% P2 Sl # o
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130

120 A

110 A

100 -

90 -

Mean egg-laying date (Julian date)

80 ' ' . , . =

10.0 10.5 11.0 11.5 12.0 12.5 13.
140

130 A

120 A

110 ~

100 -

Mean egg-laying date (Julian date)

90 T T T
10.0 10.5 11.0 11.5 12.0 12.5 13.

Mean temperature in March (°C)
W22~ FFLE@2HeFO)F-ABAELACPpPE=I PV IDFE2LHH-F
MEGRAYFLAMRFRGFPLEAF 011175 o ALK 14441
3.01)% 95% i ¥ % FF o
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FHERFOFRES R LWL T

% 2-1-2009-2015 # |G % fI* L2 ¥ LERR Sk

Parameter 2009 2010 2011 2012 2013 2014 2015
Number of nest 5 11 20 19 16 8 36
Forest breeding density (pair/ha) - 1 2.5 2.3 1.7 0.4 2
Plantation breeding density (pair/ha) 1.7 2 1.3 1.7 1.7 0.8 1.3
1* mean clutch size (+SD) 5.67+ 0.58 5+0.82 511+092 518+0.75 4.83+041 55+1 6.33+0.77
2" mean clutch size (£SD) 45+0.71 525+096 544+073 472+106 488+064 57505 529+0.84
1* mean brood size (+SD) 533+057 34+134 5+0.82 444 +0.88 4.33+1.15 60 5.76 £ 1.2
2" mean brood size (£SD) 4+ 141 45+129 513+083 393+1.26 4+0.82 55+058 464+1.22
Hatching success (% £SD) 092+0.12 0.79+025 095+008 083+020 090+0.12 098+0.06 0.91+0.14
Laying season (days) 37 58 85 86 89 104 89

16



>
-~

Iy
el

it
&Y%
it

o

LN LY

2015 x5 B R b 5 4oR2-3(0) B FFAEEL K2 AR 47 4P > F -
AL ETag e p Bl 540 13D > LR # (2009-20154# ) B % S E 2 A
PRIA>3I27Tp 242 14p F(B2-3) otz 5 H 5 - A AP hT 57 9P p g2 3
T MR R h e b (e A st B % (ANOVA S Fiy = 2,175 P =0.225r?=0.35 >
B2-2b)» #2221 ix 5 3938 ~2-3% "5 -k 70 & & F 4p B (ANOVA > all Ps > 0.40 »
r? < 0.20)

2009-20154 +3 & B % 7 S licho £ 22977 » B X ARk 4 1 HhEE 2 B
MR EMA T > FERXRPOTAGARSF A 14k % A4k 5205+ 043
¥t/ =7 (mean+ SE) > 4 1 415 1.67 £ 0.40%/ = F(mean £ SE) » e 5 - B A A
%% B (ANOVA » F111=041>P=054) - & “rdc> 6 > 2015 § = I F
it e enf £ (n=2) 0 LB E kY B g Pl 2015 ¥ o R
PHOL FE - AR AL > L EAF LR (ANOVA > Fi0=3.19> P =0.089) - &
BB ErlcE ¥ £ B (ANOVA > Fr17=0.26 » P =0.62) o % :#4-2009-2015 % #7
TR AEE-EEE RS- AR RE Y - AT L g ek Sl RN
¥4 B(%#: ANOVA » F110=1.91> P=0.169 ; #t#i : ANOVA > F1100=3.3 >

=0.07)

BAPEFEALY If20008 RALER KL FAL > L ER R FATS
chE B Y2 5% 429 <39 (1 358 ~2-3% % & & b (ANOVA all Ps > 0.30r* < 0.20)
2010-2014# T 354 “» % £ & % 88.8+ 10.2 (SD)= -

17



THRFOREF R LSBT RACRTELATRAD B

Percent of progency

50

(a) 2009 —;— Eggs of 1st clutches (b) 2010 —e— Eggs of 1st clutches
ggs of 2nd clutches Eggs of 2nd clutches

v— Nestlings of 1st clutches Nestlings of 1st clutches

—a— Nestlings of 2nd clutches Nestlings of 2nd clutches
(total = 52 eggs) (total = 120 eggs)

4 ©

Percent of progency

4/1 5/1 6/1 71 8/1 4/1 5/1 6/1 711 8/1
50
—e— Eggs of 1st clutches —e— Eggs of 1st clutches
c) 2011
© o Eggs.of 2nd clutches (d) 2012 o— Eggs of 2nd clutches
v— Nestlings of 1st clutches 40 A v— Nestlings of 1st clutches
—— Nestlings of 2nd clutches —a— Nestlings of 2nd clutches
total = 89 eggs
8 ( 99s) (total = 130 eggs)
9] 30 4
$ (el
S o
()
J 20
]
é‘) o
ww S
0 -
WW P é)émmb 10
W WV
Y% 9 @
w P4 b ..
4 ] . 0 i
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)

W 2-3~2009-2015 & s % 1% L2 36 ¥ rikc2 dpih # o
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Percent of progency

Percent of progency

50

40

30

20

10

50

40

30

20

10

Y
I
Sl
At
o+
it
e

—e— Eggs of 1st clutches —e— Eggs of 1st clutches
1 (e)2013 —o— Eggs of 2nd clutches 50 1 —o— Eggs of 2nd clutches (f) 2014
v— Nestlings of 1st clutches v— Nestlings of 1st clutches
—a— Nestlings of 2nd clutches —a— Nestlings of 2nd clutches
1 (total = 54 eggs) 40 (total = 72 eggs)
4 30 4
4 20 4
T
1 10 A ‘
m '1
T # T T : T 0 e T & — T O
4/1 5/1 6/1 7/1 8/1 4/1 5/1 6/1 7/1 8/1
Date (m/d)
bt —e— [Eggs of 1st clutches
(92015 VW —o— Eggs of 2nd clutches
i s ly v— Nestlings of 1st clutches
—a— Nestlings of 2nd clutches
W (total = 103 eggs)
4/1 5/1 6/1 71 8/1
Date (m/d)

WI2-3(H) ~ 2009-2015# G+ % fI* L Hi2 135 ¥ ez s+ -

19




SRR FRES Y LG

£ 2-2~2009-2015 # A Rl L2 e FRESEE P Y

Parameter 2009 2010 2011 2012 2013 2014 2015
Number of nest 12 27 20 34 12 15 23
Forest breeding density (pair/ha) - 4 2 2.7 1 1.4 1.2
Plantation breeding density (pair/ha) 2 3.3 1.7 2.3 1 0.8 0.6
1* mean clutch size (+SD) 425+050 4.58+0.51 4.6 + 0.52 447+ 0.52 47505 510 43+0.82
2" mean clutch size (£SD) 471+049 462+0.51 4.67%0.5 442+ 051 438+x052 483+058 4.92+0.79
1* mean brood size (+SD) 433+058 32+114 343079 356+0.73 4+0 4+1 4+1.05
2" mean brood size (£SD) 480+045 356+133 333+141 433x0.71 4+0.82 418+ 0.87 4.22+0.83
Hatching success (% £SD) 0.98+0.07 074025 0.74+024 089+015 091+012 0.85+0.16 0.89+0.14
Laying season (days) 87 89 81 94 92 103 74
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-~ -;h F L4
£_2009 # 1 2015 # £ % ;p] 115 iai ok BawE s ir“f TALF E i
£ 114 & > 3+ 3,112 i gLz =< (exposure days) * >* MARK $ic 48 4 47 & & 575 5 o
HP 728%:nf K3 Rl T BRSPS MEHE KPR
EREZFIFHIFFH-
F 223 B 0 B EHGYEETET VR R TR AR VL E
’ﬁﬁéﬁﬁﬁﬁ%%24N$Wﬁﬂ4@%ﬁﬁﬁ&$¥%ﬁﬂﬁﬁg

(AAIC; B+ 2 > Bl 2-4)> e H fdcipE@ZE 0> A& ficic B 2 7 Bpy

BHGUREOR AL RS R AL R ED R AN - 2 B SRR
TR S AR EE L G EFEER N - A RAEE (4 23 B 25);

BEIED BEFS L% A b’“r%%‘ﬁ’ A2 p R A R R AU LA S iRl
AR FH B L R R B LB E L P S K hEE % 75 (LR test
V=447 P=0035) & e h » 8 ¥ RF I RN VR d L
& ?]—?(LRtest’xZn:OAS’P:0.49)o TS NP PEBTE ey A |
A MBI P R s e Rl L f B(B=-1.4140.395 4 2-4) >
2R OFREEELED FEFS L RE CERSEFEMRT o R i

SO LA AT TR ER VT F > AR R

34

Bk p a5 0986+

M
[N

=

l

0.003 &% 1 +k5 5 @)% 0988+0.003> % ¥ @5 % £ B (LRtest>x1=0.32>P

‘E

=0.57) ¢
1 A T iR endllgE Ar(Logistic) i §F Sl B R R - K2 HEEEB
Fo PR EREA D E - RATRE BEEA B RS N (S FERER
LE S H2 TAE) TR 0 8 0 AT BB A KK 0T R R o
BlFF LGSR A0 X AR A2 PR3 ES 5 0824005
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FTERMPOFRESE R L RE ST AT HEL L TAD L

#2-3~2009-2015#FF LEE LBP 3RAFLHERRS

Model K AlC, AAIC, Wi

YEAR + ATTEMPT + HEAVYRAIN + VISIT 10  352.77 0.00 0.99
YEAR + ATTEMPT + HEAVYRAIN 9 364.36 11.59 0.00
YEAR + ATTEMPT + HEAVYRAIN + VIDEO 10  366.27 13.50 0.00

YRAR + HEAVYRAIN + TEMP 9 367.32 14.55 0.00
YEAR + ATTEMPT 8 368.27 15.51 0.00
YEAR + ATTEMPT + RAIN 9 368.84 16.07 0.00
YEAR + ATTEMPT + RAIN? 10 368.98 16.21 0.00
YEAR + ATTEMPT + RAIN?+ RAIN® 11 369.41 16.64 0.00
YEAR + ATTEMPT + TEMP 9 369.81 17.04 0.00
YEAR + TEMP 8 371.42 18.65 0.00
YEAR 7 373.87 21.11 0.00
YEAR + AGE 8 375.80 23.04 0.00
YEAR + AGE + AGE? 9 377.75 24.99 0.00
YEAR + AGE + AGE? + AGE?® 10 379.76 26.99 0.00
CONSTANT 1 382.64 29.87 0.00
HABITAT 2 384.32 31.55 0.00

FERME AN - 121:})% AAIC, Ed B F i EH s F4n o d F L TEE > AAIC, 5 & fi2
2 B AIC.E2 £ 5 AlIC, & & {4 Akaike’s Information Criterion ; Deviance :

3% B3¢ (current model) fe4# fe43-5¢ (saturated model) 2 -2 log-likelihood (7% ; K &

SR Wi s R Y E B e > R e 1o
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¥-F i 4%
#24-~2009-2015#F F LB L LD FEFERERNL FGH
Parameter Estimate (SE) 95% CI limits
Intercept 5.024 (1.016) 3.033t0 7.015
YEAR 015 0.551 (1.085) -1.5751t0 2.677
YEAR014° 1.100 (1.429) -1.701 to 3.901
YEARpo13 -1.408 (1.074) -3.513 t0 0.697
YEAR017° -0.158 (1.079) -2.274 10 1.957
YEARpo11;? -0.697 (1.078) -2.810to 1.416
YEAR 20101 -0.344 (1.131) -2.561t0 1.873
ATTEMPT 0.899 (0.360) 0.194 to 1.604
HEAVYRAIN -1.057 (0.411) -1.862 to -0.253
VISIT -1.406 (0.387) -2.165 to -0.647

& & ¥ S 1 2009 # 1T 5 L & (baseline) o
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ZHERPOFEGE R EREHFFAZTRTELLTRD A

1.0 4

©
=
% 0.8 -
[72]
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je]
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0]
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O
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O
©
)
| -
QO 04 -
0.2 T T T T T T

2009 2010 2011 2012 2013 2014 2015

Year
W 2-4 ~ 2009-2015 # & # B F % L& § % 2 FFE 57 5 (mean £ SE) « 12 B i s
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B 2-52000-2015 & # 4 L4 § 5 FRE 757 % (mean + SE)gr4Ei + & ~ R ¥ 382

M2 o HEAVYRAIN=0/1 A %33 E & E4Rsp+ A ks  ATTEMPT=0/1 4 4]
PE-RZFoRRALL  MEBESRE > VKRB0 E o A P

BUEEA NI EL GRS Rk T9E) -
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€.2000 & 3 2015 £ F Rl 143 St B RAL - deh TAHA Lenk il &

140 & » 3* 3,442 B = (exposure days) * ** MARK #r#8 A 45 § £ 355 » #
¥ 39.30%E BT ARE G R A TVER RS ERR > B HES Keh P AL A

Ay ek e i

2258 T L EiRD GRES R N RELETE VP X 2 VhF] S

= TS S FFESRE 0 AT RN E A ET(E 260 B 2-6) V&

i B8P =-082+0.39 % 2-6) @

HMERTHE KRD 3EFER B
£ 7eh

¥ i
Yeh- MR Z S s Z SRS GRIZLE R F]S o F b Y 3R VR

=t

¥ EI R F chE & F] 3 o Bofh o do M TICESTRTF BN e 0 e
SRR E 0 P R E SRR PRl f (B=-1.63+£0.44 5 % 2-6) > & T i K
BEEGESFF LR X AL X p iS5 0983200030 &4 14k
5 %P5 0985+0003 A ¥ & A ¥ LB (LRtest> x1=0.14> P=0.70) » #5" 3

A e VRS

‘F_*

MEB BRI Ge PR ER - LA HERES YR REP RS

p # + % Je (nest age effect) » H 4% $#cd
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ZERFLFRGE R AR RATRTLALT AN

# 2-5~2009-2015 #+x o B K &P 3 REFLHFERES

Model K AIC, AAIC, Wi

YEAR +AGE + AGE? + AGE® + HEAVYRAIN + VISIT 12 42140 0.00 0.99
YEAR + AGE + AGE? + AGE® + HEAVYRAIN 11 433.76 1236 0.00
YEAR +AGE + AGE? + AGE® + HEAVYRAIN + VIDEO 12 43490 1350 0.00
YEAR + AGE + AGE? + AGE® 10 43499 13,60 0.00
YEAR + AGE + AGE? + AGE® + HEAVYRAIN + TEMP 12 435.77 1437 0.00

YEAR + AGE + AGE? 9 43660 1521 0.00
YEAR + AGE + AGE? + AGE® + TEMP 11 436.86 1546 0.00
YEAR 7 44361 2221 0.0
YEAR + ATTEMPT 8 44406 22.66 0.00
YEAR +AGE 8 44534 2394 0.00
CONSTANT 1 451.84 3044 0.00
HABITAT 2 45370 3230 0.00

ORGSR R R AAIC Ed B GRS HGNE Ao d P AT A 5 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 &

SHCEPUED T w3 T B Y F RS e BB S R el 1
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#26~2009-2015 4@ B K L®BP wREAFWEREHNL FGH

5

Parameter Estimate (SE) 95% CI limits
Intercept 3.306 (0.804) 1.731 t0 4.882
YEAR 015 1.167 (0.728) -0.260 to 2.594
YEAR 014 ° 1.758 (0.887) 0.020 to 3.496
YEARpo13 0.659 (0.729) -0.769 to 2.087
YEARo17° -0.272 (0.565) -1.380 to 0.836
YEARo11;? 0.648 (0.663) -0.652 to 1.947
YEAR 20101 -0.067 (0.585) -1.213t0 1.079
AGE 0.282 (0.140) 0.008 to 0.555
AGE? -0.014 (0.009) -0.031 to 0.004
AGE® 0.0002 (0.0002) -0.0001 to 0.0005
HEAVYRAIN -0.822 (0.393) -1.591 to -0.052
VISIT -1.632 (0.443) -2.500 to -0.765

8 & ¥ S 1 2009 # 1T 5 L & (baseline) o
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Fz& FPLESEFRFEEENR
%+ 2009-2015 # FF 2 4% 89 EH'I ¥ %a%fzﬁv% F g2 E (39 Bk 50
Geph) U MARK BiAl 5 B & 55 » B % Brdcd 27 35S 2 B &/
ZREPhi()~BEFFZEFLEp() 222 025 & 2 R PRGN RAR L3 o 9F
BE i b B 5 043+£0.06 (SE) -

3 2-7~2000-2015 &+ ¥ LE X $FF2LHFERR S

Model Num. Par AlCc Delta AICc AICc Weights
Phi(.) p(.) 2 112.725 0.000 0.476
Phi(.) p(g) 3 113.992 1.267 0.253
Phi(g) p(.) 3 114.859 2.134 0.164
Phi(g) p(g) 4 116.071 3.345 0.089
Phi(t) p(.) 7 120.584 7.859 0.009
Phi(t) p(g) 8 122.149 9.424 0.004
Phi(.) p(t) 7 122.452 9.727 0.004
Phi(g) p(t) 8 124.946 12.221 0.001
Phi(t) p(t) 11 128.577 15.852 0.000

Phi(g*t) p(.) 12 130.003 17.278 0.000
Phi(g*t) p(g) 13 131.962 19.236 0.000
Phi(.) p(g*t) 12 135.589 22.864 0.000
Phi(g) p(g*t) 13 138.415 25.689 0.000
Phi(g*t) p(t) 16 139.674 26.949 0.000
Phi(t) p(g*t) 16 142.377 29.651 0.000
Phi(g*t) p(g*t) 20 153.112 40.387 0.000

BN A &yp AAIC. Bd B idif SR E 4 d LT EA > AAIC: 5 & #5502
B AIC. m2 % 5 AIC. 5 & I* {¢ Akaike’s Information Criterion ; Deviance 3 3% fi-
5% (current model)fr4# f- 43¢ (saturated model) 2 -2 log-likelihood 7% ; K 5 43
P W e T BT F BRG p s S o el 1o
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ZERFLFRGE R AR RATRTLALT AN

BRELEF L GHE Y o AL BES 0438 0 > PE S E GRS
Ben— X 5020215 %~ o d ik o 58§17 2010-2015 # B F A LE 2 R H Sl
ded 28 LA BEAEHEALF ] RARERARRME > £V E LK
# % & ”(Dpredict_n+1) = 772 E F R R RTR UZE FEF AL FOL o AricH 2011-2015
EOCEERAEF R G A FF & A F 49 M (adjusted RSqure = 0.39 > p = 0.259)

# 2-8~ 2010-2015 & § % .1 & *£ ¥ F¥c2 B3t

2010 2011 2012 2013 2014 2015
Ratio of 2"/1% nests (Q) 057 100 058 088 1.00 0.89
Period Survival of 1% nest (P1)? 065 054 068 023 090 0.84
Period Survival of 2" nest (P,)? 084 077 085 055 096 0.93
Brood size (B) 414 492 373 333 571 521
Faculty (F) 469 645 437 237 1063 8.71
Population growth () 093 112 090 068 157 1.36
Breeding density (D)° 175 180 200 167 056 154
Predicted breeding density next year (Dpregict) ~ 1.63  2.01 179 114 087 2.09

“12 MARK % & § £1p 55 % 0 28% £ YEAR ~ ATTEMPT % VISIT(=0) ;

P RS A IR R L B o
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ZRERFSFRGS FHT L AL HRAERTLLETAAL

Yrd HEEBEpYResz4sE

2015 & 280 XM 7 AR E RS 0 £ H T 1,318 Lk
B0 112 §ump F P o A RHEE T T AT
S Y

dF R X383 e p A0 16 LEB ML ;¢ ER T
BAG 328 8(82.20) HY » vy} 537%5 4 & e o oo Rl Bl A L
5 1K(8.5%) ~ 5 E1A(7.0%) £ 1£(6.4%) - 7514 (5.2%) % (B 2-8) » # & =
) R et B T35% 01+75(SD)E > 0.13+£0.12 (SD) g 1 & = 4 3 i
GHEp 4B A58 G e N E p I 1 p ”(Jalian date > January 1 = 1)
2 - HE K Edch pORBGE TR GF 0 B % 4oR] 2-10() 0 AR y =
-0.138 + 0.0036x - 0.0000101x° » 7= T+ < }& + crighe p %4 B 4 4 B F P b
# 4c(F=7.17,p=0.002 > adjusted RSquare =0.23) » & x=178( 6 * 27 p)pF > 5 ik
FBp BB ARy B A BT o

W28 2015 mBEF B UL ERHE+ 2 G p B B2 5y Fik2 b
frio = o
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dofpNfe X T 083 S gten % g 04 B EMAE L EE T aak
K%L 225 8 (784%) 0 H P > s} 268%% 1 B > B0 e BliEA LS
14(14.6%) ~ £ 15(3.7%) ~ 50 (3.4%) ~ i F 15(3.0%) 2 F $2(2.7%) ~ B R(2.7%) ~

FE 1R (2.7%) % (B12-9)o 3 5 & (= 1240 15) frd fR ent B T35 % 6.7+ 3.4 (SD)

»011£014(SD)g; M =t Fengirep » A4 8 2 R¥H> P T p
HUAIB RV - KA C K ddcs p RS AR 0 % 4oBl 2-10(0) i
#2358 y=-0.121 + 0.004x - 0.0000136X° » 7= T f S f& + cripse p %5 B 4 p B L E PR
B H 4o e AR T 2 B % (F = 2.21, p = 0.123 > adjusted RSquare = 0.06) > %x = 143.7
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doA P HE 17l S aep #8088 EEM LA L ET A fa

A5 201 8(77.6%) 2@ > Hk ) 268% 5 A Behe A B o gt Bl A
14(14.9%) ~ 7 1(10.7%) ~ 45 F18(2.7%) 2 3 14 (1.8%)(B] 2-11) - 42 7% & B HH(= 19
P iE) iR e B T35 % 41+£37(SD)E - 0.13£0.19(SD) g o »t AP ¢ eng
BBl s AR ESEna Kk e WAL BED % 4% ke p
A G RN R L ST oA K AR PR LHERELRY A 0B SR

41&?

ERzr: VRN S SR IR A R S R P T

B 75 p %% 12 Gaussian = 423V G (7 2L AUR3 B o @R % 2 1 b AR S

y = 0.037 + 0.476 * exp(-0.5*((x - 133.453) / 17.880)%)(F = 16.79, p < 0.0001 - adjusted

RSquare =057) » & x=1335 (5 * 14 p)pF » 2 8= p % A4 H 2 ()b E(H

2-12a) : e p Fik 2w 250y = 0.488 * exp(-0.5%((x - 115.443) / 8.007) *)(F =

50.93, p <0.0001 - adjusted RSquare =0.72) » & x=115.4 (4 * 25 p)pF » 5 W32 p
32 4 (y)ed 4 (] 2-12b) -

W2-11-2015# G R HMEFEHEAF2 8P ¥ H 2 058 p Fid2 1L b

Ao
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PR E) TR R ent B T30 % 5423.0(SD)E - 0.10£0.10 (SD) g5 12 & = H 3 e

G p 4R PR BB NEF P IEPL - A F - Aadliks p R
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THMFOFRES R LB S AT AT LT AN L

I~
drdi b Lt T 255 R p ¥ 02 REMRS G I P e
%220 §(85.6%) > H ¢ » = un(30.5%)% Fus(27.1%) 5 A & dhim A o H o gt

Blik B 5 o] 18(4.6%) % E 14(1.5%) % (B 2-14) - “rHefhi ke 57 28 p 5%
- B AR s B B A E 2370 BT PSP S R R ARE T
FTHME LA F TR R F E(Outlier) °alr",/TT€?§§i TR & BAH= 194 0E)
wrgR i enS B T35% 6.1+3.8(SD)E > 0.10+0.10 (SD) g ; 2 £ =k 5% ehife
PR IRSE UEFT P I - E D adki P REEAR
[hiv §F > &% 4o 2-15() > i §F * 425% y=0.126 - 0.001x + 0.000068X » 7= e
Fehgiep G 2 P R EE P AR 4o (F = 3.35, p=0.05 - adjusted RSquare =
0.15) » & x=956(4 7 6 p)PF > 2 > A\ etk o B S L giep » 4
PRy

-
5
[ e

N

W2-14-2015 # LB H R HEF2HEEF12 8080 ¥ B 2 58 p Fid2 L i
frio= o
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W EBARE %R > BRE OS%IERFE o
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ZHRFoFRES R LREFFAZRTLET RN A

A AR RS
PEHxEan1318 S@iep » ZAFP4A% 1 120 31 pak >3- 93 & B

(A% st E 44 E4a 7= 148 BHOAI%)MRIAEZIWES a5 = >
4 285 & (21.6%) 1 R EF] 1 4T ; A1t AT RAE P 5217 & (76.19%) B 48 E (3L 1 o
264 AL B BRCHET ) & 0 1T A 331 B R Hcdo ) 2-16 0 (4 4T (B R
B 8 THEN AR E A PR T A B BT A9 T EERS
% o

60
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Month/Date

W2-16-2015 EREP R EBUBP 2 B2 CH(FF)E 2 (ZoR)BHEK
WA F o
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FIE BEpRBsFiE

2015 # 2 " Az X 12 7 Rk X447 27 REFEAEH & 0 F ik 10,169 kg
i FRTEFOIAFETE AR FENTE L DR I0R 2-17 -
BEXDEY > X R EIua Ll 2 H R 2 BAIER L 1R
BETEYRE A TR AR GRS B L o dp i vk § S us (R AR s
I 4 5 BhE) g | e (Microlepidoptera) o fpf fF b & 1 o AgEd o 4 4
EE LAY P R S I AL S T R R S R
RIEY - BR% > PEDFeIEATauAfER - & - Raulfd > = fiF(s I IR#
EEoRIA A T T FR FRFE AT SR T REOLEPE N
PG BTG 4p2 T I5p)ERB2-1T) A2 A AR ESSY
Feriafs 4+ 8 0 RI0Ig p AR § M B J A d FEER A2 ER ARG R

- A 3 o

80

60

Moth biomass
S

20

0 A
K e F4 HYWH BKR LE NG UE OHEE N2 AB UMK KEE AEBE K EE OER IX NE &E KE
Solar terms

W2-17-2015 EEH % X AR BB FHR)E A 1A A ¢ A FH)
2R BRA B RO PHREA)NEFMILAT LI ARFRLT
AERAIT LR RE KT 29 (4 April-15 July) -
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L
AL R e St

Frofslr g LgmRafiziz ) pal DR PH E5FHA A
B Bad iz s ZR RO GY L3 &R uE ¥ # 48(Dunn 2004, Dunn and
Winkler 2010, Schaper etal. 2011) » # 2 3 HBEFE R FEPLF P A - Ka >
FLEAPD BRRM G2 AF(0112175)" Sk BFLAEFFAL FMHEA
(Table 1 in Dunn 2004, Table 10.1 in Dunn and Winkler 2010) » & ip] & 1< 57 & e &
RFH 2 FRBAPE IR FRFNRBEAREZLEL(ER G FTR)ET
Mg AoaTR 0 Fl@ B enl e FefiEs A ‘P i [ e #% (Hau et al. 1998,
2008) -
Bag B apr b enw i (plasticity)id ¥ 7 5 BEf o - Z AR ER
HFEGRET R EP SRS p ¥ aiFer g o £ (Stevenson and
Bryant2000) > ™ 2 A P Z g A R AR V- BRERAZEEHERREE
g It FER Bihap 3% ITAFATRHETREHLFTL S
Foprl e S F% £ 4y > @ § b i 075 % 5 (Perrins and McCleery 1989) - i d
TR REET A LT AEE PR3 Y LA o RiE D
P # B oep £ EAEA PRI EIR I A B 40 G ngiiep 2 8
A EWERREME 222 9p 13 2phRFAFEL 2 F 0 85 3
17pERvyERE > S/ 3084 E5H4 - 8 pkaé.,}tpmi%ﬁpg- MR O N

AERERAPER- R(THAPP 537 26P) B AFTPEE G
WLFEFTARACY AU T - 26 02015 EFFLE T - AT AT

PEEAAD 1T P24 30 p PR A S - ATHPEERNL62T7p36
P2 > mERAY I ERAPEOFRIFE@EG? 25p) sirp S L2 E
BER TNy - BRE@G Y 22p)E g a BHRIEF R L A2 8 iRl
BUEMG T 2TP) BB AR LT EN - BREG Y 24 p)E o B T Y
BLEFRLFELSHFFTRFEDRA 77 0 P FF T LE FaEA R T
2= oA o FRFRE S RMEDFF (AL TR ) RIRE-HS
EHROCFHREL - ¥ TEL FELRE O LEETHETIROTA S F
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SHRPOFRES RN ERLE NS AT RTELLT AN

& B S R R %1 (increasing temperature) @ 2t-gik B <7if & (Schaper et al. 2012)>
FTERRALFLIER DTG a2 RBERTE e ARSI FT &
AER) &a PP EE &4 P(Schaper etal. 2011) o 44> R PR B i ¥ 5 4
it 1 (fitness) ¥ at MR C FHUARK T AL FTLFHCE -

5530 R a AR 2 AR T A e B0 2B BB GER
FPEEF-FTRORTG - R - SHe FOTaGaF A LE % FEA(X)
G UG E PR 7 PR ERRE R B RS R P 5;5_9:}1’5?‘ T AR
Bomdz ’Jﬁ’? T PR Sk iF i (Dawson 2008) e rif - B+ B X KB EARF o
PRPELERETHNFOIRERE B 2 AARTT RS FlA
B PHES FS a0k (Dawson 2008) - ¥ - BER L Z B AT AT
RegHhgearaie » L foigs L 70-90%((3 % & - 2006) ; 4p ¥ x5 B
G MR 2 e P (25.8%) F 22 P (24.4%) % 2P (13.8%) % B s A (k2 F
2009) c 10 AR EHEFRAEADE BIR > T P PHEAFEATD # 2
SEHERRPHL AHRDDE JEEI R X SER LS ot e B
A AR DI PR B R PR e oA AT R B (Winkler et al. 2002, Dunn
2004) -

42 A O F o FEEE R FEED IS P i A7 (food-mediated
process) » it @ AR E 25 % cnde o pE AV 22 4 & 4 (Wikelski et al. 2000, Boulton et

F_&

al. 2011, Styrsky and Brawn 2011) > ¥ i{ Z_f & #F F L F cnfe f& 70 F ot
(Auer etal. 2007) - Chang etal. (2013)4; 1 4 % 2 § it 2 LR ~ 2 KR F & &
2EAEAAABREF 23 G REEE R AT S 5% KE SR
B ENNTEAANER AP ELRAM VA RFIELE RHE RN G
(F 15 > 2009) » *+ 2010-2014 & ch% Er5 A o Z > 40mmeo § 5 % & At
BTV ELRE S P 1E P A ohaf & (Chang et al. 2013) o £ > R A E R F 1 en
BEF % 5 5% HH 4 FE47(biological process) ' 4] 7 B &g o Ap $F e ptE
& M 40mm end B¢ g 30 F(Chang etal. 2013) » "% & % § % s e A4 7

TIE
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B2 H
- %5 s L~ 2
Fo8 BALLGEF
EZAMMARK G E # ¥ L ko Jenk L 8mas > 2% §

ik p 3ESF I AP ETAMAEAME G X AR T EORE &

?’r‘

SROP FPRET R RAREFRELEH T KR - ARRE T URERE G

2913’ e i = & X :F v B R 18 B kR %’H/Ff o8 iE 4}}7&#% ;L:(Radford

-

and Du Plessis2003) » & ¥ » 2 E 7 ehx § > L ZEHEF L B mng}
(Tinbergen and Dietz 1994)> @ ML & B % & { % e%mer @& ‘mfr(Radford et al. 2001) >
Fla gt LamElex > B A FTRHAERS Lo FRpl e { e FlEL
Fl@ @ (FHLE Ak 94 5 'F 1 (Avery and Krebs 1984, McCarty and Winkler 1999) >
FF G- Hand S RE L E T 2 %5 4 pr(Siikamaki 1996, McCarty and
Winkler 1999, Skagen and Adams 2012) - 4 # & # crf ix FAL A1 > i3 50 &
By T bon B2 20 & 24 %k B 4§ 5 40 484 (Hsu et al. 2011) ;

LAEFE L RE AL E T a RIS EH A 2 AT 2 BT Aeap

7l ® 4% (Liu etal. 2009, Hsu et al. 2011) > izt % EH E 2 Bbrgp > en g > T ¢
- E RS o

AR FR s MERBRGE FUERTALELFEFTE L B
(%P % - 2015 ; Shiao etal. 2015) » A @ o 3t A i\ ¢ "% 7 ¥ 22787 p 158 7 F)
FRAEAPM > Fla AT EVFAERFF L VP BHETFF I EEF o4 FF L
BE R GREIA LR T 5 - AR AL G AN S - A% AL 1 RT
Fa s FUOFFFREAF R DEEFEA T OI k> AMIE CEWERT o 0
A A B PN 4R ;(2)%%%4%?;&%'&5; g g
WL BUZ PR BRE B2 AHAI PR ARG R4 Y e
P fdd 87 et o 200 fpl % - LR AP D6 " o TRB AT KR B
GPFRLGZEGT TS AFALFRFADEELFTES o 234 7Fd 2015
EFFLEF AT AL 2 REWME(142£026SE)F AR5 - AT L2
548 € (13.48 £ 0.23 SE)(ANOVA » F1,;=4.39 > p=0.046 » A3 % 7)) EFF
Behd o 2B BN EH - R FCHRB T U FRKAE TR (A
ERNBFH LA EF F Rk g) Powy AT kiR
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2014 £y BEHT 0 PRI IFFLEL LR G EFESNOHEFY
G B RDEP FREFpACCHEBE > 0 5 WO T AR M AE T mcr {5 )
TSP ERTE oA A2 F(HPE > 2014) - RA i > 2015 & o
BAFTAE AR L EF o R R TV £ 2015 2 RS K ESE
RER 3L P Fla #2015 & TR E (S Wﬁfr& AEEP L
PR K FAFARY AL PR RPRFLNEIEFEEL L 355 DT
+ > &m A g7 7 - 3k(Rotella et al. 2000, Rotella et al. 2004, Newlon and Saab
2011 - WEF R EEH S FH L EDTR > LI FORER L TSR
& 3 & (Newlon and Saab 2011) » F]y* » 2R E Vit i & FaF VY 3 &
BB 0 M E N B & 5% 5 (Rotella et al. 2000, Newlon and Saab
2011) - 4p F &> #a&%ﬁﬁmé*ﬁ ML B o RS T 4 s FaE -
WE K fF | 2 { 5% (Coates et al 2008, Ball and Bayne 2012) -
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4 2000-2015 & F+ 4 Lk & K e g o F 5 EF S S 5 043 824
S SERLRH &meié’a%ﬁwﬂﬁﬂﬁ$5@%$’%ﬁﬁ%ﬁww
g > 2012) Hoet £ 3 fa i % § T 351 044+ 0.022 4piT -
Martin and Li (1992)" d % f& B 3 & ~ A=l & § 2 i & § 04 B Bk
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L Bl B r £ B AR 5 3RS (040)R1 8 A 7 ARt (EE
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- TR o

FELE S B LR A & 2009-2014 # B § IRE BT FE o
A% > & Koetal (2015) " FBli2 4 & 24 g S Apin o 228 > FF LG FA T
Bt2015 &2 w2 s e BEBEESILFO) MRFREEEAS DR
AAFETOER P AAERBEIROF A LA RESEE R VR - A F
PTG K BT L B RS L et B T3 0 A% 2 LT b4 (2010
E£4r 2012 #) 102 & K3 K (2013 E )R T o ERE S L F Lt Lo
AER > AR AR HE B X GFES B NS T (20142015 &) > EFE

FAPIRF - Flt 02014 # 5 K RARR DI > T L 2013 ERA A F
Moo R R KA TR > @ A E B (2015) & B R w2 s BT g 2
2014 #% 53 HFF P NARFHE -6 IR =L E LT A AR(EP

¥ 02014)c 3B HREESERREF T ERARL B APMEN T Lo A

ERF P F o TR REO E(N=5&) A FEHFRASFFT R
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HoFwk®) sHEFLLLFFEFDERT]T o V- 25 0 #2075 2 L0067
B S PR AN P REPEY - 220102015 E T 0 B - kB
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s BRGY RHTEP ETRSEE A A2 8T

K4 =

FHz2 FifEs
, R, % _—
a ol -2 S TR et <ol o
e # iz
Lasiocampidae 1= # £ Kunugia undans metanastroides Strand, 1915 AR E ()
Drepanidae EaRoay Ditrigona triangularia Moore, 1868 Bl o O
Geometridae R Jodis argentilineata Wileman, 1916 e ARRE A @
Jodis rantaizanensis Wileman, 1916 FALRERE O {
Maxates extrambigua Inoue, 1989 T L kTR (]
Maxates sinuolata Inoue, 1989 #® Rk R ©
Calluga costalis Moore, 1887 + o]k Tk (]
Chloroclystis blanda Bastelberger, 1911 LR TR @ o o
Harutalcis fumigata Bastelberger, 1909 FFE R o o
Alcis scortea Bastelberger, 1909 ERF s o o
Alcis postlurida Inoue, 1978 AR R o o
Alcis pallens Inoue, 1978 WA E s ®
Alcis rubicunda Bastelberger, 1909 T s ([ J o o
Alcis taiwanovariegata Sato, 2008 TR SR G A [ J © @& @
Rikiosatoa fucataria Wileman, 1911 L ZEER ROR [
Deileptenia rimosaria Wileman, 1911 2 oA fcE 7R o O
i T S
Aethalura duplicata Wileman, 1911 B E R R ()
Myrioblephara simplaria Swinhoe, 1894 BRI R (]
Prochasma dentilinea Warren, 1893 EICREE T
Ectropis arizanensis Wileman, 1915 fe B L jE 2 e ©
Parectropis subflava Bastelberger, 1909 o or s o O
Abaciscus alishanensis Inoue, 1978 P2 LAERRE @
Lassaba parvalbidaria Inoue, 1978 PRt ([ J
Menophra anaplagiata Sato, 1984 FARE T A ()
Tanaoctenia haliaria Walker, 1861 CE 3 ([ J (] ©
Satoblephara owadai Inoue, 1978 L NG ©
Notodontidae 4 ogpgd Syntypistis comatus Leech, 1889 s R [
Notodonta griseotincta Wileman, 1910 A 4
Nolidae Ty bR AL Tyana falcata Walker, 1866 % & 2 A e 0 o
Kerala lentiginosa Wileman, 1914 A o B 4 ()
Nola sp. o E o
Erebidae FoasfL Euproctis croceola Strand, 1918 FHF A o
Euproctis purpureofasciata Wileman, 1914 BRE &R ()
Euproctis striata Wileman, 1910 a2 ©
Euproctis baibarana Matsumura, 1927 B A ©
Euproctis pulverea Leech, 1888 TR 4 (]
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L
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el ol g ¢ brgoE R N f i
B i 1
Lymantria concolor concolor Walker, 1855 e ()
Calliteara taiwana Wileman, 1910 % H & 4 ©
Olene suisharyonis Strand, 1914 | e 0 o
Arctornis cygna Moore, 1879 | Bbd & #& ©
Pida decolorata maculosa Matsumura, 1911 o # {
Pida postalba Wileman, 1910 e F ik o O
Lemyra fallaciosa Matsumura, 1930 Ha 5 E IR ()
Lyclene wenchiyehi Wu, Fu & Chang, 2013 ‘mif a7 Lo 54 [ ]
Mithuna arizana Wileman, 1911 BEAR A [ )
Asuridia rubripennis Inoue, 1988 /A AUt [
Hemipsilia coavestis Hampson, 1894 Lm ok [
Pseudogyrtona marmorea Wileman, 1916 75 0¥ FaR ()
Perciana taiwana Wileman, 1911 P R ®
Hepatica irrorata Wﬂﬁwgcvg‘,‘szootggg " °
Gonoglasa contigua Wileman, 1915 HRAR FoA o o
Bertula incisa Wileman, 1915 ECE=LER T ST ?
Sinarella yuanayuan sp. nov.° ®
Noctuidae ek Euplexidia exotica Yoshimoto, 1987 B PR SR 4 RS ® O
Zygaenidae BT L Agalope pica Wileman, 1910 i e s o o
sp.nov o O
Limacodidae il as Matsumurides sp. o
Pyralidae B sp.A ()
Tortricidae sl sp.A (J
sp.B ([ J
sp.C (]
sp.D o
Depressariidae  # #Eisft Aeolanthes brochias Meyrick, 1938 AR I (]
Gelechidae KLt sp.A (]
Gracillariidae ~ ‘wisfd sp.A (J
Gelechiidae s sp.A (]
sp.B (]
sp.C [ ]
Xyloryctidae ARl sp.A [ )
Psychidae LR o sp.A { ®
Tineidae Fuagl sp.A o o e o
Yponomeutidae i i ft Thecobathra nr. Eta ©
Lecithoceridae 47 & i 4! Odites sp. ©

BARMA S AR @4 XA ST O4 7 5 A% (2010)2 & ¥k b

Ak Rk E ] A 2 L 8 VR R E RS AR S T

a

Ty
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HiE 2010 LG B2 HHRRZEREEN S c ZHRFOFIF L

AP F AN F AR BT AR 2011 T L BEAEAKAT R

FAEBRS BEEE G o Lo

v 1802009 BH <RI KAl o §RAEAFE 22000 4 (7

TAEFAE 47 o

¥¥ 1 19 02000b B H 4 B RAHRS R E T AL A2 £ B T RIS X AN A(23) -
ARl LR R o kR B

P9 o2009c £ Y R E A NRAEHRSEF I BF LA S H LAY A
TRl ¥ AEARS FEEEREEE P RAER -

%ﬁ%%mmmﬁﬁ*ﬁﬁﬁﬁéﬁﬁﬂ“Eiﬁ%w* AYEBAAEZE TR
2010 £ #5417 5 ~ 4 LEL P RTFAHE .

e 902010 B+ R p A2 R R AL 2 LT P2 X FEUD AGBI) -
TR R AR € kit h e B kR F Lk

HEF 2000 BHAB T LA e PTMD SR THE LA
2009 #o4 7 5 T2 AT E o 4P o

o

B

TiAg 02010 2 U HF LR AELAT—EEEREEY BT c 2R R R
o FlE e

TiAE 02012 20 HF LA R AFELFATEEEREYY BT c 2R R R
o B E e
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