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Abstract

As global warming has drawn our increasing concerns, many studies have focused on whether
climate change would affect the timing of wildlife reproduction. We used orphaned nestling data of two
avian species, the Collard scops owl (Otus bakkamoena) and the Malayan night heron (Gorsachius
melanolophus), obtained by the Wildlife First Aid Station of the Endemic Species Research Institute of
Taiwan to analyze the relationships between air temperatures and their reproduction timing. A growth
curve model was built and daily growth rate by weight of each of the species was determined with the
data of captive nestlings at the station. Egg deposition date of each of the orphaned nestlings was then
estimated with the growth model. There were 133 orphaned nestlings of the Collard scops owl from
Central Taiwan for nine years and 56 nestlings of the Malayan night heron for five years. A regression
analysis was conducted between the estimated egg deposition dates and the monthly average air temperatures
prior to the breeding seasons. The egg deposition dates were significantly correlated with the average
air temperatures of the months of previous November (p < 0.05) for the Collard scops owl, and previous
December (p < 0.01) for the Malayan night heron. When monthly average air temperatures of these
months rose, the egg deposition dates of the two species proceeded earlier in the following year. Further
studies are needed to examine whether other avian species have the same trend of air temperature and

breeding time relationship and what is the mechanism.

BRG] ERBRAL ~ S0 ~ BEOEIEE ~ VBN ~ R R AR

Key words: global warming, air temperature, breeding time, orphaned nestling, growth curve

Wtk HIW - 9845 H 19 H R H 98E8H 11 H

Received: May 19, 2009 Accepted: August 11, 2009

7 A e A (B - B R E T o R R
Py > GE(EBIPIRER CE B AN G 5L ~ V)RR

&

o)

sk &5 B 5 BT SR Mgk 3 8/ )V (Intergovern- WPIRERA Y - B4 B8 R I AE HE BT AR B 2 B Y
mental Panel on Climate Change, |PCC)7£ 2007 2o MAEYLRERBENS B2 — KRZ
RS TR AR 5 EFE 100 446 (1905-2005) (McCarty 2001; Parmesan and Yohe 2003) -
2B R IRE E N 0.74°C > BAHAIR FHE A AR R BT 2R B > RIS E

Ik A REFF M 1.8-4°C (IPCC 2007) = 42 BRHZ NI AR A P B S RS RHIERIRE
CEEGRIRSE CRAFHIHRE » HARRT FEve o LR E & (5 R IR 5 A B U FR IR W)



SV A Y% B EFZE(TW J. of Biodivers.) 12(1): 15-28, 2010 17

T o BRI A 7 2 BTSSR 588 5D 8 S Y
5% - ELE BV ks 2k i (Barbraud and Weimer-
skirch 2001) ~ 47 il [& it 3 (Thomas and Lennon
1999; Hiych and Leberg 2007) ~ & 1 F18 B I
Fr#al (Crick 2004)<5 o {406 [ ~ 15 s O
2 BRI e Rt VIR - 5 A U8 H oy A
(B LUK SR e s L - agl oy T Az st ik /) LB B8
LY T - R SR T R SR
(Parmesan 2006) -

e R TR > JELb ik B E Rk S
G BB AR R 6 A % > 25 2= AR IR sl FI g
$27ii (Gilyazov and Sparks 2002; Wilson 2007) »
{4 I R #He (Apus apus) £ 7 735 [ 22 AR
IR B 4 H 0y B PR EE A B - IR R T 1°C
HIEE IR Al 7 3.8 K » 1982-2006 - [H 2 7F
YIRFH) 6 K (Rubolini et al. 2007) - 5 /5
T+ AL 3£ 48t #He(Tachycineta bicolor): 3,450
I8 5L 6 #C Sk - 38 B 52 B R 200 A A IR B R
% > [ 1959-1991 i 1Y 1* 15 BE JE IRF [ 42
7 9K (Dunn and Winkler 1999) ; 1 %[ %}
36 fill S 4E 57 FHYRETTH - A 37%7E JNIRE[EIHY
SUBSIRE 2 BRI EEN & - T
THIIE] 2080 HIRF » 75%) A6 2 JIIRE TR &
$&7ij (Crick and Sparks 1999) -

SFERER R 2 2R R > alRek
A BRRR A B & W 18 (K5 - R R R
TRRE 55 RE P o A e B Y IRIR 0 R R
SSRARY A BRI > & H A E & R A R
(Root 1988; Wiens 1989; Mock 1998) » [fij & Il
L2 % W BT R R IR FERERVIRRE » & ~ &
2V B B U AT 2 i B pe SRR > XM
$2& .20 (Stevenson and Bryant 2000) - E4HEH
R GRIREVERNIENEE > S8
RIER AR B ERABE > iR AL B M tha]
REE BBV E IR G AR AT - K I SA AT RE
R RO IR A LUK FE s V) W e B AL
(B 7 i 8 Ji ) R2 B e P W fo e s ) R
A—E SEEH R MG Kl (Visser et al.

2003) -

J5 RR A BB 2 42 BROWR AL RS %8 i E » Crick
(2004) 72 =5 & 5 58 20 W) e 16 A~ [R] A St [ SEE 17 2
1] HZEARIBFIE o 5 | & 52 15 = U 52
BRI SE AL R LA AR
F SR R 2R L A TR 2 R BR AP
0 W 15 (38155 2008; it 2008) » 2K 1M AH B 5 M=
B ERRR BRI+ AR - MEE
DB A e 2 (R ) i 1 B R T - B MHERET
E 36 EL AR I SR (3255 2005) - H AT E A
B 9eE FI ) FE R A B R AT 2 BRI AL AR 52 8 I
$A> A1 (B2 1996; 255 2005) LL K% JE 5 (O 74 [
FRAI(FE 2008) » SR 11 E G FIEETE /7 1 77 2R HA
AR B - AH BB FE R AT BRA -

R G LY e R E B0 B A B Y SRk
(LA A8 SRk ) /2 1993 4 12 A plk7 » #iE
2008 F Ji A 1 1 8 4,233 7 > Hor1 82.6%E
S HE o 7 HT 2006-2007 Hf] 714 5 RS REIH &
Bt B i 2 WO Ry £ 55 (Otus bakkamoena)
(13%) ~ M 5t iif % (Gorsachius melanolophus)
(11.6%) F11JE| 5E 2 [ (Accipiter trivirgatus) (7.6%) »
1539 i LA HI| LLRI55 (41.5%) T 5 40 15 (35.7%)
£ (PREE 2008b) o AR 5T E it LLvk 3 2 0184
B % W)l A8 5 T B TEE iR s T 2 S 3R - FII YR
SRR S HE £y ELEF O BEBRGE A > 3 A
FORREIF AN SRR A AHBR 1 > WIRE(E £ & 1Y
LY RIS BB 2B -

A ik

AR 9T LLTHE £ 55 A R e T it Te B R
A4 55 8 [ SR 2 H (Order Strigiformes) 555 1
(Family Strigidae)f)/NUBATIHE S » 5 —
WA B > #1855 19-25cm > Bz o A A K
TR PR LS S50 1L IR 40T 3t aYs - el
BIH > LTI 4.020.8 {1 5 WELIF(H] 27.8+1.8
K (Fk 20039) - 2 5t fiif % J& 1° #; 12 5 (Order
Ciconiiformes) % £} (Family Ardeidae) » #& &£



18

47 cm > PRI AR ARG IR B - 3 KRR
MR  (HLF A @ B 8 i A
RSB A2 ikl » PR i R 2R B B AR L
RFEINE 3.4+0.8 i - R{LIFfE] 30.4£1.2 X
(#k 2002) -

AW TR SR 4 5 e P H e
b6 28 ST S5 mE A B AR R I R 2 s H i B2 28
EHRAGRHYE R MR o 7 A BR BRI B S SRl
PR (E RS > 237l 2008 FT 2009 4F T HE
MO R T BEIERY 3 A A S - kT 8 )
5o WMBEABREH MR/ 1IREY - &Y)
LITR e 2 4850 2 3855 2 9 [ (specific pathogen
free, SPF)/]\il (¥ 26-28g H)FI1 1 H fin/ ] 3 (K9
35-38g #H)BE o pEAFTABAS 1 &/
B HIBHIR ORI DG P &2 1E/ MR - (7]
—EH A ERH RV (N B BN — KA T
% > B BITERIEREN S - IKIELO &S
Hal R & #BRERRY) - SHREERT 36K
ACEk 12K o HTE i R 2K E S 2007 #l1 2008
IR 2 /0 3 R 1-2 Hillni & B4 S, -
fENLEIE M EE LA R - RYILISPR/)
BAASCR R £ - R H Y2 R R ) SRS e
ik > #0131 H 5 KX 7-109) » Az HARIE
IS 3 K (B K #Y 25-309) °

REPH SRt B 1993 4R R AT % 2008 4 K HY
EOIERE > Pt A SR AR S v AR
WA > IS8 B BIR 2 A H R i (5
i ~ F IR ~ RALIR ~ EMIRAIEE R -
DR L LA R T A 25 F2 0 7 LABERR = B0 56
15117 24 1 I L s A AR i T 55 5 1 5 R R
i E o SURER V)2 5 LA IR SR K Y
REARTF - [R5 8 A F PRaT o g5 2 B HIHKGR
2 o KOG R Y B B 22 AR Rt R 3 ff
wH A5 H 20 H 6 (7 1509) ~ e il H 30 H
fin (7 5000) ELHE F 4 Ll H% » [mlHE H finlis 2 H
HUBORERGE » MERFH 2% 800 R _EEEIRY
WOPRIE » LOETT Hiin BRI IE - % LUPIERAY
EOVAAHAAIIHT o BRI E LR Hilintk -

T A R 8 A B S T RH B 1

FHE M (20038) F1#k (2002) Fir 3 25 27 51 YR 1L e
TR KL & Y BE B rh g T IRy
fil o HEMELL ERIS SR E R —EE - LiEgE
S ERS B T UNAIRR R 3% B AR BT
IRERH] o

S SR B T B R 3 — T LA R
AP ] e W A S Bl BB 94 5 — {18 SR BB
IRF R o R L A B 92 M o A 5 2 0 P R A Al /3
RO B 0 AE NI R (BAan e A 15 (|
8L HITACAT S 1 Sy R IR > LA 1
A1 HERBEE > AR N,
5 2 i) » MR R B S LA ) FE HEIE ] -
T T R R A Bl D - IR AT 12 B
o HIFTCER i El s A RE AN o (EET I
A B R IR P 7 12 [ A B St (P 2003b) » HCAR
IR B AR B Y 7€ #6991l 77 1,000 A /km?2 L L
1100 A/km? LU (#k<5 2008a) » fsfa s Lk
R BB 2R L A IR 12 5 52 B ZE 1 AR St A [ e
OB AWFIE LR IR SRR RS B0 » 3T
BT H AR & s A S AR B EL B - 6L
52 b 18] B G 2 LA I ) SE R3S - T
BB AL E W ECER 2008 AT E KL -

B R E R SE RSB AL FR AR R i
R 4 (%S (Er ~ 58 - H AWM
5 28) H IR A R X0 o % B0 2= 1R IRF ]
B S T 2= T (I ) 93 WO 7 22 DR ST B 1 7 30 it
IIHT o DUORTS & TR B % o

& R

—~ ERMER

SRR WU W 9 5 55 1 2008-2009 4
MRIFTBEG H ) 3T It 8 245 » MEELFT TR KRB
5 25.3+0.5 K » i 30 HEw 1o £ & 6.0+2.6
REGE > WIERHIRE 3-9 KA » #HGHER 47
HEEE R > H 22 HEm () 1500) €248 & 1
TRl & A% - e (y) B H e CORIBA R0
y = 0.0028x3 - 0.335x2 + 13.043x - 12.454 (R? =



SV A Y% B EFZE(TW J. of Biodivers.) 12(1): 15-28, 2010 19

0.978) (& 1) o M7k il % 2 St SR o K B2 1-7 RAGE » #8AHIELT 64 STREEHE R - H 30
# 1k (2002) 5 36.0+2.1 K » TRt 2007-2008 H i (% 5000) €815 5 th ik - fie B 8l H Ay

A 5N TEEN B LS - Al 40 H B (%% - y=-0.015x3 + 0.5571x2 + 13.248x +
fnF g 12.8+4.4 X E - HRF G 7.682 (R? = 0.989) ([& 2) -
160 -
120 -
c
£ 8
'S
=
40 |
0 L L 1 J
0 5 10 15 20 25 30

Age (days)

1. 2008-2009 {1 B 4= Bh V) e Rl i BL T 8 S v A4 55 1) S 18 B B I fin B AR A A IR AR (I 755 7R
Y& & + SD) -

Fig. 1. The growth curve of 8 captive Collard scops owls at the Wildlife First Aid Station, 2008-2009
(solid circles, average weights; horizontal bars, standard deviations).
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Fig. 2. The growth curve of 5 captive Malayan night herons at the Wildlife First Aid Station, 2007-2008
(solid circles, average weights; horizontal bars, standard deviations).



20

T~ FRAGIRE PH B AR 1t o A

SRUL S 1993-2008 AR BN S
1,074 £ » B i 2 1) we A B AR T I 73 1)
H 216 /1 113 & » HEFRrh it e LISHHY 25 2
Z 1 > PRI RS E R Bk Z 1% (1998
LURTA 2 i A HE EAC B%) » W RELISS ] i A 2 451
orRle 175 & H185 5 » 2K H 133 F1 56 & 5 (3%
1) » SeRI A R iR IalHE H s - F2%14(20039)
%k (2002) Fifr 3 22 27 S 1 DI L P 7 K B > w9
1958 S BRAA BRI R (R 2 » R 3) » 1HAES
bR 1 1999 £ 2 4} » 2000 £ £ 2008 5 i i - 4
A 10 {EHE LR R - KRBT S B e R
FIRFHERR 7 1999 4 » A5 9 FAYFE R B
i % kR A Wi b o 8 R A 2001 ~ 2002
2006-2008 5 5 {HF {1y » FEFHYEHBAE 7 HLL

T A R 8 A B S T RH B 1

b o ASHRFERT SR 8 A B R e R Y
IR AR 4 -

LY T e R 5 16 2 5 et o 12 0 o Lo
(RfEEdm ~ B~ KRB~ KA B
FAE ~ RIEAE ~ KA ~ ®ALr ~ +h5848 ~ m
Berfi ~ SR~ FEEm)R A 37 HAT 10
B R RakE (AR ~ ERIOER
SELAN 2 (5 4) » % o Ay B B e i B % £
P S B RE 2 PR R0 o Do 57 ) L (951 7 S i
oI il SRS MR S (p > 0.5) -

=~ BRG] LSRR 23 AT

7% L 55 B T T S o R i 1 R )
B ST 7 #5118 1) 43 71 2 KSR B SE A T S B
Hr (3% 5) » #l ARER 11 H 3 A REE (e B i (p <

[l

& 1. A ST R R FH Y 1l e 55 R 2 T il 8 v R 2 191 A U R T A A T
Table 1. Sources of orphaned nestlings of the Collard scops owl and the Malayan night heron

Sources (county) Collard scops owl Malayan night heron
Taichung 6
Nantou 28
Changhua 9
Yunlin 5
Chiayi 8
Total 133 56
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Table 2. Egg deposition dates estimated for 133 orphaned nestlings of the Collard scops owl

Month\Year 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008  Tota
December 2 1 1 1 5
January 2 1 1 1 5
February 1 2 2 3 1 1 1 1 2 14
March 1 6 8 11 5 9 6 5 4 20 75
April 1 3 1 1 3 3 5 5 22
May 1 1 1 2 1 2 8
June 2 1 3
July 1 1
Total 3 10 15 15 14 14 12 10 13 27 133
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Table 3. Egg deposition dates estimated for 56 orphaned nestlings of the Malayan night heron

Month\Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 Total

March 2 2
April 1 3 2 1 1 2 3 2 2 17
May 1 1 2 2 4 6 16
June 1 1 1 6 3 1 13
July 2 1 1 4
August 2 1 1 4
Total 2 7 7 1 3 3 11 13 9 56
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Table 4. Egg deposition dates of the Collard scops owl and Malayan night heron estimated from the
orphaned nestlings obtained from urban and rural areas, 2000-2008

Collard scops owl Malayan night heron
Egg Nests distribution (%) Egg Nests distribution (%)
Year iti -
deposition Transitional deposition Transitiona
date b o date b a
(1=1 Jan) Urban area Rur (1=1 Jan) Urban area Rur
2000 426 20 80 -
2001 48 20 73.3 6.7 110.7 28.6 57.2 14.2
2002 59 26.7 73.3 - 122.9 33.3 66.7 -
2003 42 28.6 714 -
2004 319 28.6 64.3 7.1
2005 59 25 75 -
2006 36.6 20 80 - 137.1 18.2 818 -
2007 43 154 76.9 7.7 112.6 154 76.9 7.7
2008 56 29.6 70.4 - 1131 333 66.7 -
Total 285 69.2 23 21.3 74.5 4.2
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Table 5. Statistics of the regressive analyses between estimated egg deposition dates of the Collard scops
owl and Malayan night heron and the monthly average air temperatures prior to the breeding seasons

Collard scops owl (n=9) Malayan night heron (n=5)
Month
R? p-value R? p-value
October 0.219 0.203 0.094 0.615
November 0.505 0.032 0.016 0.841
December 0.311 0.119 0.942 0.006
January 0.015 0.752 0.012 0.861

February 0.156 0.293 0.026 0.797
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Fig. 3. Annual egg deposition dates of the Collard scops owl in 2000-2008 in correspondence to monthly

average air temperatures of November of the previousyear (A), and their linearly regressive relationship

(B); Date=accumulated days from January 1.
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Fig. 4. Annual egg deposition dates of the Malayan night heron in 2001, 2002 and 2006-2008 in
correspondence to monthly average air temperatures of November of the previous year (A), and their

linearly regressive relationship (B); Date=accumulated days from January 1.
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Fig. 5. Average air temperatures of the months of December-February, 2000-2008.
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Table 6. Numbers of days to breed earlier with increasing air temperature of 1°C in specific months for

different bird speciesin literature

Geographical area Species Months Days References
North America  Tree Swallow (Tachycineta bicolor) May 3.49 Dunn and Winkler 1999
Netherlands Northern lapwing (Vanellusvanellus) 16 Feb-15 Mar 164 Both et al. 2005
Croatia Marsh tit (Parus palustris) Feb-Apr 2.08 Dolenec 2006
Croatia Bluetit (Parus caeruleus) Feb-Apr 2.09 Dolenec 2007
Italy Swift (Apus apus) April 2.89 Rubalini et al. 2007
Estonia Common gull (Larus canus) 31 Mar-26 Apr 1.43 Brommer et al. 2008
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