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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,
2009-2013. From the beginning of April to the end of July, we checked nestboxes
weekly and recorded the content of nestboxes and activities of birds. Sixteen
Green-backed Tit (Parus monticolus) nests, two Coal Tit (P. ater) nests and Twelve
Rufous-faced Warbler (Abroscopus albogularis) nests were recorded throughout the
2013 breeding season. To realize the breeding phenology of Green-backed Tit and
Rufous-faced Warbler, we used warmth sum threshold model. The daily amount of
accumulated heat was calculated when the temperature is above a given minimum
threshold. We considered different threshold temperature and found the models with
threshold of 4°C and 0°C best fits the empirical data of Green-backed Tit and
Rufous-faced Warbler respectively. In the best fitting models, the warmth sum of
Green-backed Tit from the start of calculation period (1 January) to the laying date of
50% breeding population was 634+14.9 degree—day, and the warmth sum of
Rufous-faced Warbler was 1300.8+128.2 degree—day. The difference between the two

species may be due to differences in their diet.

To examine factors affecting nest survival of Green-backed Tit and Rufous-faced
Warbler in 2009-2013, we used the logistic exposure model in Program Mark. Results
showed that nest age was the most important factor affecting daily survival rate in the
two species. 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, nestling begging. In addition, in Green-back Tits
model, accumulated precipitation for the past 7 days was also important factor that

decrease nest survival; in Rufous-faced Warbler model, between-year variation in
Vil



ABSTRACT

survival was a significant factors.

Comparisons of breeding data with previous studies, results indicated that timing
of egg-laying of Green-backed Tits was related to spring temperature. Moreover, the
length of laying period was about ninety days, and was not affected by between-year
variation in temperature. The most important factors influenced breeding productivity
(number of fledging) between years were breeding density and nest survival rate. For
Rufous-faced Warbler, the length of laying period varied between 92 to 123 days in
2009-2013. Further studies are needed to better understand the pattern of reproductive

parameters of the Rufous-faced Warbler.

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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3/22 4/5 419 5/3 5/17 5/31 6/14 6/28 7/12 3/22 4/5 4/19 5/3 5/17 5/31 6/14 6/28 7/12 3/22 4/5  4/19 5/3 5/17 5/31 6/14 6/28 7/12
] Date (m/d)
—e— Eggs of 1st clutches (d) 80 (e) —*— Eggs of 1st clutches
—o— Eggs of 2nd clutches
60 - —o— Eggs of 2nd clutches oo ¢ 1st clutch
™% v— Nestlings of 1st clutches v Nestlfngs Of zsdc lIJ f hes
v —a— Nestlings of 2nd clutches Y es Im—gZGO nd clutches
ww (total = 94 eggs) e (total = 66 eggs)
[}
40 A v \ g
o
M B 40 -
w v %
<
[0]
20 H v o
vy 20 4
\4
v
S DS S n O S, U7a' N R ¥ 11 O SN Y 5 SR W G
3/22 45  4/19 5/3 5/17 5/31 6/14 6/28 7/12 3/22 4/5 4/19 5/3 5/17 5/31 6/14 6/28 7/12
Date (m/d) Date (m/d)

B 2-1 ~ (2)2009 # - (b)2010 4 ~ (c)2011 & ~ (d)2012 % (e)2013 & BLF 3 F 417 S 2 F % L % Pl fRicA + o
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% 2-1~2009—2013 #FE ¥ % 4I* L2 7 ¥ LE B A S8 p #F(date 1=4/1)

2009 2010 2011 2012 2013
1% clutch 2" clutch 1% clutch 2" clutch 1% clutch 2™ clutch 1% clutch 2™ clutch 1% clutch 2" clutch
Breeding density (pair/ha) 1 0.67 1.75 1 2 2 2 1.17 1.33 1.33
Available habitat (ha)® 3 3 4 4 5 5 6 6 6 6
Mean clutch size + SE (Npsxe) 5.7+0.6 45+0.7 5.0+0.8 5.3%1.0 5.1+0.9 5.6£0.5 5.2+0.8 4.7+1.1 4.8+0.4 4.9+0.6
- e ®) ) @ 4) ©) ©) (11) 7 () ®)
Mean brood size + SE (Nreas) 5.0£0 4.0x1.4 3.4+1.3 45+1.3 5.0£0.8 5.1+0.8 4.4+0.9 3.9£1.3 43+1.2 4.0+£0.8
- nese (3) 2 (5) (4) (7) (8) 9) 5) 2 (7
Mean laying date + SE (Noeqe) 22.7+£10.2 44.0+1.4 5.3%9.2 35.0+9.3 20.317.6 60.6+13.8 1.7¢7.7 47.0£15.5 -3.0£3.0 23.1+2.0
- nes (3) 2 (7) (4) (10) (10) (12) (7 (8) (7
Median laying date 22 44 4 33 19 57 -1 43 -3 24
Mean hatching date + SE (Nreee) 39.3t7.6 57.5+7.8 26.4+7.6 50.5%£9.0 34.7+7.2 71.1+£9.0 19.8+t4.9 57.0+6.7 12.5¢3.5 42.0+2.2
} e ®) ) () 4 @ ®) (10) () ) @)
Median hatching date 41 57.5 28 17.8 33 70.5 19 54 12.5 43
Laying season (Day)" 62 87 95 90 89

a

<

ARELE LML BRI AL E R AT RS-

12



>
~

I
e
it
oY
kit

s

- Bed
2013 2 5 H R AR 2 F 4 Lk i8R AR e o S ONEA4E RS
RALAp Z3127p > % - ARALDE PP #id? 2p (£2-2-
Bl2-2) e st Xtz o B 02013 S B e A P> Ra A b - A B A FAEL D
LA BRI FERM T N - AR AL P WL gl A P i

Mo - R AR R E O RS Rl AT e B TR 1K (B12-28) ©

A
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Percent of progency

Percent of progency

& o N 1) m»' e CUE S BT L=
ZHRFOFIRGS B LRt BT R IV
50
—e— Eggs of 1st clutches (a) () —e— Eggs of 1st clutches
40 1 o— Eggs of 2nd clutches o— Eggs of 2nd clutches
v— Nestlings of 1st clutches 40 v— Nestlings of 1st clutches
—a— Nestlings of 2nd clutches —a— Nestlings of 2nd clutches
30 A (total = 52 eggs) § (total = 120 eggs)
S 30 A
s
20 A 2
@ 20 -
@
o
] S
10 st 10 4 '9 \
°
] | -
oL | ? o ] =
4/1 5/1 6/1 4/1 5/1 6/1 711 8/1
50 50
q —e— Eggs of 1st clutches —e— Eggs of 1st clutches
(d) o— Eggs of 2nd clutches o— Eggs of 2nd clutches ()
40 A Nestlings of 1st clutches wl Nestlings of 1st clutches
Nestlings of 2nd clutches —=— Nestlings of 2nd clutches
(total = 130 eggs) > (total = 54 eggs)
c
30 A “g’, 30 4
s
kS @
I J
20 1 g 201 J
g_) 9
@®
o
10 - 10 W
®
o
0 0 T o8 T T T
4/1 5/1 6/1 711 8/1 4/1 5/1 6/1 71 8/1
Date (m/d) Date (m/d)
B 2-2 ~ (2)2009 & ~ (b)2010 & - (c)2011 &
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Percent of progency

50
—e— Eggs of 1st clutches
o— Eggs of 2nd clutches (©
v— Nestlings of 1st clutches
407 o Nestlings of 2nd clutches
(total = 89 eggs) s
°
[ccceee]
30 1 7
o
]
o
20 + ? \
o o
9
o
W 9
lo . °° Oooclm)
WO ¢
vy Vv °
w °° W
0 T T T T T
4/1 5/1 6/1 7/1 8/1
Date (m/d)

~ (d)2012 % (e)2013 # BB F 1% £ 2t o ¥ Pl flch b o




Yo% AT E%
% 2-2-2009-2013 # LB » HfI* S 2 o ﬁ %5 343 p ¥ (date 1=4/1)
2009 2010 2011 2012 2013
1% clutch 2" clutch 1% clutch 2" clutch 1% clutch 2" clutch 1*clutch 2" clutch 1% clutch 2" clutch
Breeding density (pair/ha) 1.67 2.33 3.75 3 2.2 1.8 3 2.67 0.67 1.33
Available habitat (ha)?® 3 3 4 4 5 5 6 6 6 6
. 4.2+0.4 4.840.4 4.620.5 4.5+0.5 4.610.5 4.740.5 4.5+0.5 4.440.5 4.810.5 4.4+0.5
Mean clutch size + SE (Npests)
(5) (6) (14) (11) (10) 9) (15) (12) (4) (8)
i 4.3+0.6 4.8+0.4 3.4+1.2 3.3+1.4 3.4+0.8 3.3t1.4 3.6+0.7 4.3+0.7 3 4.0£0.8
Mean brood size + SE (Npests)
3) (®) (12) () () 9) 9) 9) @) (7)
) 30.6+11.5 74.6x13.3 23.5+7.7 67.9+21.2 24.6+9.1  71.3%9.7 14.8+6.9  57.0+18 5.8+13.2 51.6+16.8
Mean laying date + SE (Npests)
(5) () (15) (12) (11) 9) (18) (16) (4) (7)
Median laying date 35 71 25 76.5 20 70 14.5 56 1.5 54
i 4954125 84.6+10.4 46.3+14.8  83.1+20.9 47.317.6  90.3£10.5 35.6+7.4  72.3£19.3 20 70.7+16.8
Mean hatching date + SE (Npests)
(4) (®) (12) () () 9) 9) 9) @) (7)
Median hatching date 50.5 86 46 74 46 90 33 69 20 73
Laying season (Day)b 101 112 117 123 92

a b -

<
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ZERFLFIRGE R SRR AEL LR IV

¥Fo8 S@RAEFE

AERARMEERAT 0 FF LY &t e §302009% 120135/ 5 p10 1

\rm

PA=T % - ARk A9 p ¢ it (Warmth sumso) 7 % ff e iR fo s Blde 4
2-3% %240 - & 48302009 ¢7 kA OfF R Ara g St H s & R o iR S R E ATR
BEH BN AR ERALTAER B TR(EP L > 2012) - #-2009#
Fdog i R A w4 chTiofigfrr 2 o 20 F £ L E DT RET (X
23) REREBRRTLACHE » L EMFE R hlci &) > 7 THIH
2 kB fr 56344149 C—day; ¥R HEF 2 &9 RS Faws- & AR EEARLT
pE o T 357 ff 2 f# v 5 565.5+16.4 C—day -

bt B (£2-4) SR ERRRLAOCH » L ERFEfrSE G
Bohdo| o @ TR B 05 1300.841282 C—day: F R H A L E Y RS F
- 5o bR ERAROCH T 5% ff 2 £ o R 5 1132.3+39.9 C-day- ¥ * >
o BRI RE GBS N F LY ARG P AR ET > DEF A
AR Er RERF -
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Yo% F7rE%
223 - FFMERLART > #7 2009-2013 £ RAFHIF P LEF- A FRL2 AP P il #HEf
threshold temperature
year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
2009 1450.6 1179.3 1067.3 956.3 847.8 7416 637.8 537.0 4413 350.6 266.2 1922 1316 829 495
2010 11235 907.8 821.3 7353 650.0 566.0 483.8 404.8 3294 262.2 2055 1559 1106 713 417
2011 1206.2 961.3 853.3 7455 639.0 5334 4314 3374 2546 1851 1269 820 489 281 140
2012 1093.2 884.4 7945 7045 6145 525.0 436.0 3512 2745 206.0 1464 985 620 352 16.0
2013 1105.6 893.4 806.4 719.4 6324 5454 458.7 3751 2978 2273 1694 1179 717 379 1838
Average ? 1132.2 911.7 8189 726.2 6340 5424 4524 367.1 289.0 220.1 1620 1136 73.3 431 226
Sb? 509 344 255 180 149 178 240 295 322 329 338 318 265 192 129
cVv.? 4.5 3.8 3.1 2.5 2.3 3.3 5.3 8.0 111 150 208 280 36.2 446 57.0

" F 22010 # 3 2013 & FALe A
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22427 FRERRT - 37% 20000183 Z 3 Fiteoa P - AR AL 2 APp ¢ 2 £

threshold temperature

year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
2009 1635.5 1334.0 1209.0 1085.0 963.5 8443 7275 613.7 5050 401.3 304.0 2183 1482 927 543
2010 1461.6 1196.3 1088.9 9819 8756 770.6 667.3 567.3 4709 3828 3050 2345 1689 1113 655
2011 1219.3 971.1 862.1 753.3 6458 539.2 436.2 3412 2574 1869 1277 820 489 281 140
2012 1344.0 1100.7 994.7 888.7 782.7 677.2 5722 4715 3788 2942 218.6 1547 102.7 621 33.6
2013 1178.4 956.2 864.2 7722 680.2 588.2 496.5 4079 3256 250.1 1872 130.7 795 414 193
Average 1300.8 1056.1 9525 849.0 746.1 643.8 543.0 4469 358.1 2785 209.6 1505 100.0 60.7 33.1
SD? 128.2 1138 110.1 1069 1041 1020 998 963 901 823 739 636 509 365 231
C.V.? 9.9 108 116 126 140 158 184 215 252 296 353 423 509 601 699

* 5122010 # % 2013 & AL A E
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#2000 # 3 2013 # £ TR TLEF A LERAL > B9 3K X8 B4 TR
(BLzx#icidzsE L = 0> a‘r“T t5 12 Program Mark A 45 ¢h % K #ics 67 & - 3+
1621 i L% % (exposure days) > H ¥ 48 & (71.6%) te v $LEp 5 2 K &3 R84
BRSSPI AR A IS FH S EERY -

#2587 0 B XD 3AF LTS VS e B E X E N
@ EFTP 3L TANF G 0 H SR A& 260 B P HEFTE K
PR gh b el B do @] 2-3 0 G A PP BT o ATOEAR AR B S o ATER B e (5 T
THP L TR gL Pl 1011 X S LI A A s B F Ao b
BB T A E R VTG e M 5 0 G BT e g (AAIC B 1.29)

AR SR e f E(8 =-0.005) & m Ew B g F R FEFARK(F 2-3)

f’\r'ﬁ ’95,\5‘:7“%%3%;:%@_5&1‘93"2\;”%&Buga_ﬂ:air—]_j_‘ét)\ﬁ_\‘; EJ%\M*E‘— ﬁ}ﬁlifﬁ_

;t o

%2009 £ % 2013 & > £ & & KiFP 3 EF oW 240 5 K F(%
IR P HiEd 2 40 5 % )ik=x % 0.66~0.88+0.63+0.590.38 > 17 2013 # % £
Mok > AREFNED 3EFALEFLE  F > 582 L F 40 278
%) 5 (LR test, P = 0.25); ¥ b » §558 7 2 & 40 » "4 7en¥] 3 (LR test, P = 0.43)
BX ARk E Kk p 3iE % 50985 + 0.0050 A4 1 kg B S 0989 + 0.003
AEEMFALAR K EED FREFTLFERARR > 7 % LA (LR test, P =
0.66) 2 = =t o4~ 4B % (LR test, P = 0.43)4r » Ho38 ¢ 394 it ie— # sc L B3N
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ZERMFFIRGE R LSRR ALLER IV

#25~2009-2013 FFF LE S LBP 3EAFLHIERRS

Model Deviance K AIC, AAIC, Wi

Age + Age” + Age® + Precipitationp) 16852 5 178.56 0.00 0.1
Age + Age” + Age® 171.82 4 179.84 1.29 0.21
Precipitation(p) 177.29 2 181.29 274 0.10
Constant 180.41 1 18242 3.86 0.06
Precipitation(sp) 178.80 2 18281 425 0.05
Habitat 179.80 2 183.80 525 0.03
Age + Age? 17781 3  183.83 527 0.03
Precipitation(ip) 180.16 2 184.16 5.61 0.02
Date 180.22 2 184.22 5.67 0.02
Age 180.41 2 184.42 586 0.02
Date + Date 17871 3 184.73 6.17 0.02
Year 175.05 5 185.09 6.53 0.02

LBV E Ryg AAIC Bl B SN EA o d P AT EE 5 AAIC: 5 B B
F 2B AIC, B2 £ 5 AIC, 5 & 1+ f¢ Akaike’s Information Criterion ; Deviance =
3% B3¢ (current model) 42 fe4-5¢ (saturated model) 2- -2 log-likelihood % ; K =

SHCECP Wi s TR Y R BHC hAp s S B e s 1

20
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#26~2009-2013 # 3 ¥ LEE L 3 RAFWRERBHNNL G5k

Green-Back Tit

Parameter Estimate 95% CI limits

Best model

Intercept 1.689 0.037 to 3.342

Age 0.707 0.252 10 1.162

Age2 -0.039 -0.069 to -0.010

Age3 0.001 0.0001 to 0.001

Precipitationp) -0.005 -0.010 to -0.0002
Second-best model

Intercept 1.576 -0.059 10 3.211

Age 0.683 0.23910 1.128

Age2 -0.039 -0.067 to -0.010

Age3 0.001 0.0001 to 0.001

21



ZERMFFIRGE R LSRR ALLER IV

1.00 A
5 |
095 ¢7 7| :
/ | |
X /] [
o AR [
— | . |
S 090 1 i 5 |
= | = |
S - <
? vl 3 a
: )= ks
> 085+ 4 - .
© 'S |
a) ’ §’ |
I i : —e&—— precip.=0
0.80 1 | | | O precip.= 50
: | | ——-—v——— precip.= 100
! : : ——— precip.= 250
4 | |
075 T T T I. T T T T
0 5 10 15 20 25 30 35 40

Nest age (days)
W23-p#z 27 2%aE (0,50, 100,250 mm) #+2009-2013 # § % L% % &

1.00 - T {
(]
= 0.99 - P
T
> T
S
» 0.98 A 1
>
= °
a)
0.97
0.96 T T T T T
2009 2010 2011 2012 2013

Year

FTpaFEFLEE



23



ZHRFOFRGF R K058 EAL BT R IV

= ke B

#2009 # 3 2013 & £ £ 105 K425 B R H ¢ 4K XA E XHTFH (B
2 FeAAziE Ll x ot )’a‘r",lf t5 12 Program Mark 4 47 e & #c % 101 & >3+ 2359
BB % % (exposure days) > # ¢ 36 & (35.6%) tr v 4HEF § K LT ERBER O $
Bh K e AERMLE MK A FF s R mE

%\’2_5%&%"%&%!3% ' ;77_&”517915]_&{& :’—.—,”ml‘l’ﬁt ﬁ %3“:‘;\‘;‘:%\‘
BHC UL E A F S o W R EAr A 280 B p FEFNEL P&

2P S A B 2-5 0 A ORI i o T B B 0 20 Bt ) LB b 4o o 2 g

-~

1024 EFPEH LR IMERL - TR EFELNEDP 3EFEH

|

%éﬁ(@ZS)’*“ZOOQ.&_L 2013_& ﬁF'&,E,gc"ii d.;%'é(_‘f_%’\jéﬁ] T L K 2
38 % = )ix= 5 0.63 054075030062 12 2012 & 4 & i o

TREEABHED FREFOPTRRIHT A ER LTHTF T er 7 ERGE
5 i 5 5% (intercept-only model » % B8 38 p % 58 % 5 ALiE) vk o R

(AAIC. &+ 2 0.2) » $¥cenfl FinztiE s f 5(B8 =-0.002) » &7 & & 4%%

P e AR AR H KRt calg ¥ (LR test, P=0.14) » Fld b i N
e FURFT RS :g”ﬁvﬂ;oyﬂ,”?’ﬁﬁ3%“§@§ e S e

TR AR B

=]

-‘«-'\

B ERGHED S A &P b B ety chs P s Ak S () 2-6) 0
BAED YRR FEFE NS D NG S ABF 4~ BB R R ] GRS
(intercept-only model » T 2Kk P 375 5 5 2E) 0 A v e BN (AAIC, & ¢
A0.75) 0 KA id Bl st kg F (LR test, P=0.09) » F > Ak EHNY 4 ¢ 5
BPIEF G o T b AR ERRE K iR P 3E S 5 098 £ 00050 4 1 RE KR
50984 £ 0003 & ¥ EATF LR o 57 44540~ VHEs V0TS (LR test, P =

0.51) «
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% 2-7~2009-2013 #4x o Bk L3P v R FL W ERE S

Model Deviance K AIC, AAIC, Wi

Year+Age+Age’+Age’ 30086 8 31692 0.00 0.29
Year+Age+Age’+Age’+Precipitationzpy  299.01 9 317.08 017  0.26
Year+Age+Age’+Age’+Date+Date’ 298.06 10 31815 124 0.16
Age+Age’+Age® 31095 4 31897 205 0.10
Age+Age’ 31304 3 31905 213 0.10
Year 31118 5 321.20 429  0.03
Date+Date’ 31696 3 32297 605 001
Precipitation(p) 319.51 2 32352 6.60 0.01
Constant 32172 1 32372 680 0.1
Date 32110 2 32510 819  0.00
Precipitation(ip) 321.12 2 32513 8.21  0.00
Habitat 321.27 2 32528 836 0.00
Precipitationsp) 321.29 2 32529 838 0.00
Age 321.68 2 32568 877 0.00

FEUBEGVEE Ryp AAIC Bd B SN EA o d P AT EE 5 AAIC: 5 B HE
F 2B AIC, B2 £ 5 AIC, 5 & 1t f& Akaike’s Information Criterion ; Deviance =
3% B3¢ (current model) 42 fo4-5¢ (saturated model) 2- -2 log-likelihood % ; K =

Boehfe P W s T R Y B adp g S o Hfes 1o

\\\?{r
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ZERMFFIRGE R LSRR ALLER IV

#28~2009-2013 £ @ BH S Bp v EAFVWRERBH LG 2K

Rufous-faced Warbler

Parameter Estimate 95% CI limits
Best model
Intercept 2.517 0.8571t04.178
Yearpois ® 0.126 -1.391to 1.642
Yearpoiz) -0.788 -2.016 to 0.439
Yearpou; 0.636 -0.876 to 2.149
Yearpoi0,* -0.145 -1.442 t0 1.152
Age 0.359 0.062 to 0.656
Age? -0.016 -0.035 to 0.002
Age’ 0.0002 -0.0001 to 0.001
Second-best model

Intercept 2.507 0.868 to 4.146
Yearpoig ® 0.162 -1.355 t0 1.679
Yearpoiz) -0.664 -1.908 to 0.580
Yearpou; 0.678 -0.836 t0 2.192
Yearpzo10] a -0.116 -1.416t0 1.184
Age 0.393 0.093 to 0.692
Age? -0.018 -0.037 to 0.0001
Age® 0.0002 -0.0001 to 0.001
Precipitation7p) -0.002 -0.006 to 0.001

& # ¥ S 4 2009 # 17 5 % (baseline)
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RroFEGH R 58T a4 BT R IV

"*JA

-8 BHERASFELIME
FALES G Y SRS % p 2000 3 2013 & 4 & 1% K fhendefao -
BrEAY MART BT FLEA WAL L RBEIRF T RE S SRS
2EGRBETOEMARE BEFRE AT LD RGP DT b
(F 247> 1996 ; 4+ 18 > 2010b) » F]@ if & S TRIE T AL F B2 g
_gﬁ
A °F

TR p e F BN RALFORE RV A L RPENRE p L aIFTT

2l X P = = v
AT m'g%ﬁ%ﬁi‘"]‘ P RS VoA e

it £ (Stevenson and Bryant, 2000) » 14 £
BMIRZER DG R I AFATCERR TRE 2
£ B apBEE o a3 B i E 5 (Perrins and McCleery, 1989) -
ﬁ.ééﬁfﬁ"'ﬁi’ﬂiéﬁ ERRAHF EDF BfrREY aHF T RO EM e 220 F
SIERHES 2 R B T i o B Ao E R (Embree, 1970) 0 4 ¥ Ao i ¥
g ag % 7 P iz (Husek et al., 2012) -

AET AR RERS AT LR 2 e P TS G s AR
stk Ay YN=5#)> e ? vHFRSE D ¥ - 2009 & R A oo R ek B
%2010 2 2013 # > BEom % E E R AR Ap kel o H ¥ i 5 2009 & K faK
BEERERQ2Y) A EARE LR RER ALY AGER ¥ TR
20102013 & FHHER > = SAEN A FREEAT(FFLE54C HaHi0
C) BETORE GERETNEMN  BP-EFBT FORERAT R fraldt o
ARARM RAAFTHEEERERACEARE AFMEf-2 B o i
FYFH AFFLE B SOR B0 B uEep ¥ B (72%) 5 1 o Bk
* AT 3%(EEE 02006) @ @R p L A F T IS FHPOERMEERR S 3C
# 7l /i »+ 3-17.5°C (Nietschke et al., 2007) » 7= 3 # 7 4 * 3.9°C(Visser and
Holleman, 2012) ~ 5°C (Parry et al., 1998) ¢ 8°C (Lysyk, 1989) % % # /8 & > @ @iz
PUASETISANE RF AT o5 559 C—day  # F 4 >+ 165-1946.7

‘C—day(Nietschke etal., 2007) > @ 27 7 Gt b g R EF & 4C> T FF 2 #
Birs 634C—day >R p 238 TISAMEERZ AR ELREMER -
BT A LR RS R S B D ¥ N g T P iE S P T HR S b
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B HH BN ERE SO MARRET A E RSP AETRIR
Edrw L endd > A& uwep (25.8%) ~ E P (24.4%) % Eaep (13.8%) % A 5
S(AFF 0 2009) 0 @ AELFGH RAFTY 0 HEd ML PEY S F AL
W AR blenXdep B (EER > A F 4 FOR) o 5 Nietschke et al.(2007)
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W 5236°C ~05C%146C > # A8 I FHF AMPFES - wuep T
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#F 4%129.3-1121.1°C—day ; ** L 2 p 3553634 ‘C—day > # [F] 1 >+80-987
C-day)e *F3 G Efo §HAEOERGR EE A 500 BT p & Bkt
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