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Abstract: Basal metabolic rate (BMR) is thought to be a major hub of physiological mechanisms connecting
life history characteristics. Evaporative water loss (EWL) is a physiological indicator used to measure water
relations in inter- or intra-specific studies of birds. In this study, we examined body temperature (T, ), resting
metabolic rate (RMR) and EWL at ambient temperatures (T,) between 5 and 35°C in summer-acclimatized
Chinese bulbul ( Pycnonotus sinensis) captured in Wenzhou, in July 2011. Eight animals were transported to
the laboratory and caged for 1 week (50 c¢cm X 30 ecm x 20 e¢m ) outdoors under natural photoperiod and
temperature. Birds'metabolic rates were measured with an open-circuit respirometry system ( AEI technologies
S-3A/1, USA). Birds were exposed to stable temperatures between 5 and 35°C for at least 1 h prior to
measuring oxygen consumption which was recorded at 20-second intervals. Most birds were tested only once per

day with at least two days between tests. A few birds were measured more than once per day. These birds were
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allowed to equilibrate at the new test temperature for 1 h before the next measurement was made. Every bird was
tested at all nine temperatures. Food was removed from the birds’cages 4 h before each measurement period to
minimize the heat increment associated with feeding. A ‘U’ tube ( containing silica gel) was connected in
series behind the respiratory chamber and weighed ( £0. 1 mg). The amount of evaporative water lost by each
bird was absorbed by the silica gel and could therefore be measured by reweighing the U tube at the end of the
measurement. Statistics analysis was performed using the SPSS statistical package ( version 13. 0 for windows) .
The effect of ambient temperature on body temperature, resting metabolic rate, evaporative water loss, thermal
conductance, metabolic water production/evaporative water loss and dry thermal conductance were analyzed
using repeated measures ANOVA or ANCOVA with body mass as a covariate. Results were reported as Mean +
SE and P <0.05 was considered statistically significant. We found that mean body temperature was 40.7 =+
0.1°C (Fig. la). The thermal neutral zone (TNZ) was 25.0 - 32.0°C and basal metabolic rate was 3. 67 +
0.03ml/(g - h) (Fig. 1b). Below the lower critical temperature of the thermal neutral zone, resting metabolic
rate increased linearly with decreasing ambient temperature according to the relationship: R,; =5.296 - 0. 068
T,. Evaporative water lost increased with ambient temperature according to the relationship: Log Ly =1.563 +
0.021 T,(Fig. 1c), which exceeded metabolic water production at T, > 16.4°C. Thermal conductance was
stable from 5 to 20°C , and average thermal conductance within this temperature range was 0. 15 £0.00 ml/(g
+h %) (Fig. 1d). Dry thermal conductance was also stable from 5 to 20°C, and average dry thermal
conductance within this temperature range was 0.14 = 0.00 ml/(g - h - C) (Fig. le). The ratio of
evaporative water loss to metabolic rate (EWL/RMR ) was affected significantly by ambient temperature.
Between 5 and 35°C , EWL/RMR was positively correlated with ambient temperature and EWL/RMR increased
linearly with increasing temperature ( Fig. 1f). Metabolic water production/evaporative water loss ( MWP/
MWP/EWL decreased exponentially with
lg). Chinese bulbuls had a low level of BMR and a high level of thermal

EWL) was also affected significantly by ambient temperature.
increasing temperature ( Fig.
conductance, compared with the predicted values based on their body masses, and it also had wide thermal
neutral zone. The high evaporative water loss/resting metabolic and metabolic water production/evaporative
water loss ratios in the Chinese bulbul suggest that EWL plays an important role in thermoregulation.
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AE 1 AR KT X — S Rh g o0 A R
TOHH T M GE A AR GR R R g E ME
(Williams et al. 2000), J 5 s ¥ 4= 3% & Fi 4=
AT N AEFEAE % U) AR K ( Lovegrove 2003,
McKechnie et al. 2007) , /K3 T 3h4¥ a9 1% 8K
V- HL A P, TR IS SR T A e ) R S
fik (Zheng et al. 2008a) , Xt HHBI A BT T %
YIS 7 A AT R AR TR LR b
) 32F 1k ( Burton et al. 2003, Swanson 2010) . &
J# (ambient temperature, T, ) J& 5 M g &1 7K
VBB T2, B PR B R R R,
S A B ZE B . R AR R (basal
metabolic rate, BMR) J2& 3 ¥ £ & 1k 256 Fl

Hh DX 2R T I YRR SRR R, R MUK 4R 47 IE
AR BRI BE Y de /N AR, R A R S RE
i AR 7K S 1 B 248 AR ( MceKechnie 2008,
McNab 2009) . FEAHHR 8 4 C 28 10k He B ]
AT A BE 5 A 7K P 19 2 2 88 ( McKechnie
et al. 2004) , ZR WA R Z I ZHE
IS0, 45 K 5 ( Gillooly et al. 2001)  Ffh £&
&4 (Tieleman et al. 2002, McNab 2009) (Z=77
(Zheng et al. 2008a, Chamane et al. 2009) &
P ( McNab 2005) .S f% ( Wiersma et al. 2007)
IR AL ( Cooper 2007) %5, 44417 /N 15, %
£ e Bl A 98 A — AR TR B WU, JF A
ST P8 B4 3&E W ( Wiersma et al. 2007 ) 5 1
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A TE FE R AT /N 5 28 B BRI R S T
TWIE , i R O B Bl 1] 42 %) € v A F/ B
W B = M & W ( Zheng et al. 2008a,
Swanson 2010)

528 5 Z (RS K 1 #E 4T B 15 K 5 2R K
E@ijjijz?%, %ﬁ%ﬂi ( evaporative water loss,
EWL) S 912 Hl T D0 5 A ) 30 358 4% 1 A [
R[] 55 2 b Py /Bl ol fE) 2k K i 2 AR AR
(Williams 1999, Clement et al. 2012, Williams
et al. 2012) o /BB 22 K 7R A% 2 20l oo il
- % j& ( respiration ) . % Ik 7% %& ( cutaneous
evaporation ) LA & HE it ¥ ( excretion) ( Williams
1996) , H i I ) 2% 7K ( respiratory water loss,
RWL) 5 fz k2% 7K ( cutaneous water loss, CWL)
KA F e K B BB 3R A2 (Williams et al.
2012) , W M E R (Alaemon alaudipes ) Fffi &
R ( Eremophila alpestris) 55 /N 15 2 YE 3R 55 1R
9 25°C A A Tl A 28 kR KR AR R K 4y
T KRB R AKER 70% L I ( Dawson et
al. 1982) . [a] i AL 3% 76 ey I (B 0 70 150 ) 5k
ZHOK (T RE & ) MR &, AP
I ) 3 2 s g 2 2k 7K (Williams 1999) o [ Ak
KT /NG RZER KRR R C AT ZHE
(W Williams 55 2012 4E ) 2538 ) , JUH X T
B SRS R I, W 78 K R K 2 ik
55 2858 I K R AR R —, X S5 IR TETD
b g /N B i 2L 3l W b AT 4R B A7 (Schmidt-
Nielsen 1997, Marilyn et al. 2001) ., T8 51
TR, K B9 R R EAR ) A
K (metabolic water) , [ Ik 75 % 2% 7K $2 & fR K
AE 37T LA 3 26 5 2 6 B AR £ I 3 (Tieleman
et al. 2003a, b, Williams et al. 2012) ,

F 3k % ( Pycnonotus sinensis ) J& 4 & H
( Passeriformes ) %4 %} ( Pycnonotidae ) , 7£ & [# &
B AT TR B TR T DR RO PR B I, 7R W
VLA N —F i DU B 5 (Zheng et al. 2002)
AT % B A Sk 8 2 AT ey A A TR AR A A
i L35 5 ( Zhang et al. 2006) , HACH ™ A7
75 W i ) 8 8750 A 245 R 22 4K ( Zheng et al.
2008b, 5K EHL4F 2008, Ji 4 2010) o feHr

LS R R, Sk B A AR PURR AR 32 A0 A
IR DR 2R 0 PN 3 A 3R 1 DR 1 5 e B 2 (R
BEAT 25 2010, {6 /N PE %% 2011, Zheng et al.
2013, 2014, Wu et al. 2014) , &5 H [k 87
2= P 914k (acclimatization ) 1 52 55 % Yl 1k
(acclimation) 1 7 H P\ HE 1A | 2% B 1) A= 2 A AR
ey AT AR AL . R G T s 28 kR oK B A
FELW T /N s Y (EfE4 5% 2000,
Zhu et al. 2010), i 78 & 2 o A UL 2D $0 4t 38
(Xia et al. 2013, ARIKREE 2014) . &KX H K
BSR4, F 2011 AR ZE T k0
AR I R 2R R AR, IR B 1 Sk B FE RN
[) A58 Uk B2 A5 T 7 R 5 28 K R K Z TR) AF
FE Y AT BRI R RO R IR R T 0 S FRATTHE I
AN 7 S (AN S A L s = B S R
Tlt A 2 R e 9 AR 3, DT I A it T #E
FF6 a7 /N S 2R A AR RRAE o FRATT [ B ol
Sk 88 1) 25 K O K AR 35 v T BB U B 2 R T 8
K F ARG 7K 72 42 ( metabolic water production,
MWP) , 2 & R 7K 76 M il 38 1 v 5 A 2
i,

U BB ik

L1 £Iezh¥ 8 HllikF ki 7 2011 45 7
A T WA &M X (27°29' N,
120°51'E) , 3% My X e I B8, 4F 7 X i B
18°C (Zheng et al. 2008a) , B#4ii # 1) 1 3k ¥ bR
ICIFFE (50 em x 50 ¢m x 60 cm ) 5] & T I M
RSP E, HRGH FIRFE T IRK .,
R (W o on G A ) TR A BR S ) 2R
B kL ML B 20% , MLAS 5 6% , HL4F 4
4% , 55 1% , =R 0.5% , HAM + AR
0.5% ), i N — i J5 M T 508, S92 90 i ~F 24 44
HoN(29.6 +1.7)g(26.0~33.7¢),

1.2 # 1k 1R i8F & ( resting metabolic rate,
RMR) UTE i 1k A5 LA/ i By A 6 Y
FEE [ ml/ (g - h) [ R, FRAERHITF
AR E (S3A/T, £, AR B E
K 300 ~600 ml/min, WEIEERFI~N3.6 L,
SCHR AL E 9 A, /o 5.0°C (10.0°C |
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15.0C, 20.0C ., 25.0C., 27.5C ., 30.0°C,
32.0°C i1 35.0°C, AN TS &% (BIC-250, 4t
o) P EE SRR, KN £0.5°C, i
1R AR A0 I < 4 K AE 18:00 ~ 24:00 [} 2Z [A]
HEAT . SR T AR 3 h, AP E NS
ML JE I E AR AR, BERR 30 s iIg S —IK,
M E 1 h, EFE—BOESE FaE MR AR - 2 (E
(7 min) , % 88 Hill (1972) #4920 2358 i ik
OB, FBE & =F x(F, -F)/(1-F,), X
e, F OSRIRR R, F O SRR BE
F, Oy SRWREE o JF LR v XY [ Y
AR REK T P (8 B R AR R, Bk S
0 HIF S R et (9 S I o A O L AR IR
SR FHAL 5008 27w g A3 ) 2k 7= 1 e 485 X
R B I E (TH-212, K i B N
0. 1°C) o il B2 iH 4 A 1 Sk 08 3l 58 i N 2y
1.5 em, TR TH R $0RS € J5 0 sk HOR IR . 1K
I 5 SR A A B A 2 AR (i) AT RR
o\ AR R T R S (PL3001-S, A B
0. 1g).

1.3 #Z* & 5% 7K ( evaporative water loss,
EWL) 7600 2 # 1 AQ 0 238 0 [ B il g 26 &k 2k
K, FERIEAGEER L IR e B, K SRR E
(K2 0.1 mg) JF A TERER A U B4
AV S S, B2 E 1 h, SEI AT T4 5
2R MO 28 R R K o A 5 e E 0 A) A HE
W4, WEPEAEE (Xia et al. 2013)

1.4 3£ 5 (thermal conductance, C) F1{fE
FHEE MESTR A EREAARXC =R,/
(T, = T,) (Aschoff 1981), 735l i15 44> 52 5
WET S RHE SE, b, Ch#EF [ ml/
(g-h-C)], Ry MABHRGEEE) [ml/ (g
- h) ], T IR CC), T, AR (C) .
Pl T 1 1A U E AR 4 Aschoff (1981) fiy 1
BEAK:C=0.576W " i E, X, C
HIAE T [ml /(g - h-C)], WHIKE(g),
AR 23 1Y 14 B T (B AR 48 Aschoff 45 (1970)
g 8 25 A 2L R,y = 132, S06 W™ i £7 15,
A, Ry BRI R (I/h) , WK (g) .
1.5 F##1% F (dry thermal conductance,

Cyy) Cu[ml/ (g-h-C)IMHEAXN:
Cpy=(Ry=Lyy)/(T, = T,) (Williams 1999) ,
K, Ly Az R RKE (mg/h), #7285 1 mg
JKHELR 2.417 J [ #4E (Burton et al. 2003) il
THAE 1 ml A 0" 4R 20,09 T #1956 R Ui
(Schmidt-Nielsen 1997)

1.6 i 7k #1 2% & 5% 7k B9 Lk Z ( metabolic
water production/evaporative
MWP/EWL) il 7K /28 % 5k 7K 1 Ll 32 2 3F
W S Wy K F R — A E R b, K%
THAE 1 ml A T 0. 62 mg B AR /K 1 55
(Williams 1999, MacMillen et al. 1998)

1.7 #iE4E  FIH SPSS 13.0 S it # b
HATA RS AL B, R AR A T 2
KRR WAL A MWP/EWL X 36 358 i )&
AR A EO0E T A BT, A% 2 22 1) Y 25 e 1
HAE MM & F 2 9 M1 (repeated measure
ANOVA, RM-ANOVA) , SCrh 84 DL 211E +
PR (Mean = SE) £on, BEMEKF-H P =
0.05, F|FH Origin 6. 1 FR{IF2HE .,

2 45 R

2.1 fKB(T,) MEHERERS 0~350C
WHIN, LR HOR BE AR A, & PRI
Tk B 1) F) A  JE B W 22 5% (P > 0..05) , K-
Y14 (40.7 £0.1)C (K 1a),

2.2 #IEREHIER(RMR)  7EHFBEIE N S0
~35.0°C Z Al 11k 0 B e 0k AR A7 AR
A [A] (RM-ANOVA: F, = 100.228, P <
0.001, ¥ 1b) ., ZEMIEIRF K 25.0 ~32.0C
YO N, A% R 2 A) Sk 0 B i AR R e
H25 (P >0.05), {H 1 % T 2 55 i N
20.0°C (P <0.05) F135.0°C (P <0.05) i 1y Hr
IR, HIk, 25.0 ~32. 0°C gl 7k
3 4 X (thermal neutral zone, TNZ) , H. rr
25.0°C F11 32. 0°C 43 5}y HF 1l LR BE (lower
critical temperature ) A1 | Ilfi & 15 & ( upper
critical temperature ) , 7EILIR EEE N, Ak
LN o A% S R T (1 N S 1B R T R 1)
K, K (3.67+0.03)ml/(g - h), & Aschoff4§

water loss,
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Fig. 1 Energetic parameters at different ambient temperature in Chinese bulbuls (n =8)
a. MR b ERILARIAR o ZBERK; d BT e TRIVES; f 2R JOKMUNIAR, o RBIK/ZE LK,

a. Body temperature; b. Resting metabolic rate; c. Evaporative water loss; d. Thermal conductance; e. Dry thermal conductance;

f. Evaporative water loss/resting metabolic rate; g. Metabolic water production/evaporative water loss.
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(1970) fA&#H WME Y 64% , TTES. 0 ~25.0°C
Tk B 9 BRI P, 1 Sk B ) e b A B A 5 T
FIREART G I, Wi R IEIE TR Ry, =
5.296 -0.068 T,(r" = 0.945, P <0.001, n =
40), i, Ry, BEHIER W Z [ ml/(g - h) ],
T, RHEEE; 75 32.0 ~35. 0C iR BEE [l Y,
P S 0 e 1 b AT S B T R P 1S i v, 9
R EEF 2 35. 0C i, #r kAR %3k (4. 25
+0.08)ml/(g-h) (K 1b),

2.3 FERKRK(EWL) kM2 Kk K KEE
BB E R BT Y m, 35.0°C B
(211.75 £5.96)mg/h, ££ 5.0 ~35.0%C j& 3l
BN, ZEERKESABEE R B EEMX, [
A K Log Ly, =1.563 +0.021 T, (r =
0.918, P<0.001, n=60), X, L, WKL
KK, T, AAERE (K 1c) .

2.4 MES(C)MTFRBRES(C,,) Hk
BTE 5.0 ~20. 0C I, #ufe S HEA fREFFEE (P
>0.05), 535 EAMCH &M, PR
INAE T H(0.15 £0.00)ml/ (g + h - C), &
Aschoff (1981 ) {A T FUIA (1 124% . Y355 iR
JEW T 20, 0°C 1, #AA% 5 Bl & PR 5E IR BE 1 T &
MItmE, WMERRFEMG, HEETER:
Log C= —1.487 +0.034 T,(r =0.908, P <
0.001, n=40), rh, C HMfL T, T, HIFE
W HIAERE LA E 35. 00, #iESH
(0.56 £0.02)ml/(g-h-°C) (E 1d),

F 3k 08 1 1 1R e AR RO R X DL T I S
IBEIRBE A A OG, BEARREFFRE (P >0.05),
SE454(0.14 £0.00)ml/ (g - h - C), 7£ 5.0
~35. 0CIRELHE N, TR AL T 5 3R 5 R
WM, FIEHIF BN Log C,, = - 1.027 +
0.013 T (r* =0.753, P <0.001, n=60), =
h, Co, W TGS, T, WHERE., &
b I DR, T g A S B A PR B IR Y T
e R TR . YA BRI E & 35, 0°C i,
T AL F 4 (0.37 £0.01)ml/(g - h - C)
(K 1e),

2.5 ALBEERKEFEHRHER LB
75 2Rk K 5 i 1R AR B9 [ 3R (evaporative

water loss/resting metabolic rate, EWL/RMR)) [ifi
IR B T TR, AT AR L/
Ry, = —0.004 +0.006 T, (r =0.927, P <
0.001, n=60), &, L, WZEKRKIK, Ry N
WA R, T, N R . AR 35°C i 3k 3
IEME, 5 0.20 £0.01 (K 1f) .,

1k B 0 AR 0 K 7 AR R ZE K R K Y TR
(MWP/EWL) 7E 5.0 ~35.0°C yu [l N, Bl 55
TR TR, WA h  Log (Pyy/
Lyy) =0.414 —0.025 T, (7 =0.837, P <
0.001, n=60), X, Py AACHIAK™ &, Ly
RAERRK, T, WG E ., TEHE R E N
16. 4°CH}, M FEN 1K 1g) .

3 0’

55 28 A B M AT R A S A B
physiology ) 1 i fb 4 #H %
(‘evolutionary physiology ) f H.0» L3 ( Swanson
2010, Williams et al. 2012), E2&u] LI H
B A AL RE A 6 B ok XS 22 742 B HP R P 85 2% A
(Wiersma et al. 2007, Clement et al. 2012),
FATHI SR T, F k38 A 55 e 19 AR A A%
S, MXTEAR A BMR, 75 1 Sk 58 X6 Ul B8 1<
A S5 A1 365 o7 VARG 1 77 FABE T

3.1 {KiE(T,) SEFT/AEPARELTY
FKRE R F MBS, A X 3 IR R 1 i E
(McKechnie et al. 2002, Clarke et al. 2008 ) ,
9 20 v MR 1 2 R A R A P
TET PR 9 5 F 52 B, RO T AR a5 7 BRI A R B
)17 ( Prinzinger et al. 1981), —&EH T,
o T 55 2R i AR AR A O RE 0y, AR
1 W1 . v T 0 L 3h 4 (MeNab 1966) 5 K 7
SZRAALE, /AL A B B 20 407 A g
Jr, Hodl — B TR Bk B iR R
(Prinzinger et al. 1991) , WNFEH# LIRS T, K
ZH/IN B 25 17 Y AR L2 38. 4°C ( Prinzinger
et al. 1991) o R SCHR AT 58 19 F Sk 8 A0 52
FE40.7 £0.1°C, FFaEEH S RN &K
1547 5 ( Prinzinger et al. 1991) , 7EMEEIRE A
5.0 ~35. 0°CIEHIN, F k90 14 i 48 15 50

( ecological
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HABAFAIRRARE . X 5EEERERM
T i & ( Garrulax canorus ) 121 Mg A B 5
( Leiothrix lutea) [ FB N BUARIE 2> 9 M (41.7 =
0.2)CHI(41.4 £0.2)C ] 75 5256 il B 72 A 1)
FOAAR IR P8 A7 AR X A2 2 09 98 55 A L (Liu et al.
2005) , Tieleman 25 (1999 ) 1A & 7F 0 2 58 19 4%
PF T 55 28 1 R AR AT DA 2D A P K 3 B 2R
WA i = T8 AE A7 1 4 B i o

3.2 E@A#HER(BMR) HES (C) TR
PES(C,,,) FERACH " HRUE B2 A B
HE SR, W AE W R ARG B B
(Wiersma et al. 2007, Swanson 2010), A B1F
P 55 2 6 A [ G 2, b 0 A= 58 0 45 18— ik
JE (Nzama et al. 2010) . &2 g & AUBHK
AR U B R AR AR AN RS A
2 R W20 (McNab 2009 ) , Herp #7358 7 B2
XF A YR Bl TE) S AR BE FE K P A
( Weathers 1979, 2002 ),
Weathers (1979 ) 1Ay & 2 A S Al AR 06 R 5 < f
FAFEUIAN G . Kendeigh 55 A (1977 ) HR 4~ B
757 CEGH M= T 40°N) AL 757 (B ik T
40°N) 1 28 { i LI il A3 238 1 AH DG 43 17 17 B
S5 5 2R X PRI SBE I o [F] R Wiersma 55
A (2007 ) & B #0GHT b X 55 25 11 J Al £ 15 26 18
AR T WU R, TR R T U E 2 = 4
JE b D S AR A R R . FEFEVR L IX 5 2N A
LA A AT BT IGE X TR T 2 1, O
HA & W & X (Swanson 2001, Zheng et al.
2008a) o HHJ, FAHT b X 5 B AY A48 05
FROE R PMR I8 B — Fh I S (Wiersma et al.
2007) . fn A GG 7R &N B AL B OK E BE A
(Saltator coerulescens) [ A N B9 A% 8 K {H A
1.52 ml/(g + h)] F0B G (A )8 #8 48 (S.
orenocensis) [ AN B RGN 1. 75 ml/(g -
h) T, o T A AR BRI AU e A, Ot A3 &
BB {8 A N A 65% F1 68% ( Bosque et al.
1999) o ARAAME , A= 3% 78 W R ) M AL ¥ B A% 2K
F}4€ (Burton et al. 2003) A& i M A6 42 ( Estrilda
melpoda ) Fl -& % X 5 ( Chloebia gouldiae )
( Marschall et al. 1991) N W J§ ( Xia et al.

Tieleman et al.

2013) , HCHEA A 258t B ARG T A o 93
o ASLIMETR R RATH BB, H k9 H
A BAR A FE R A, 2 Aschoff 45 (1970) {£&
H A 64% , AHAL TR 2 5o A 7D 5 4
A2, BAR T — 20 A 00 1 5 4 B b XY 5
2% ( McKechnie 2008, Zheng et al. 2008b,
McKechnie et al. 2010) . &M 7 T 3 E K 56,
JE W A e, EFE(6 ~8 H) PN
29.4°C, Hofm @i ATk 33.2°C (RN TT R4
Ja 2011 4F) o ARSI A5 R 2 H Sk A AR
X (TNZ) Tl il R 25. 0°C, ELIRE T A
K8 I AT EIH AR T 2 R R T 1
RH T 5 AR F18 5 it 383 23 15 0 P R X G 5 2 Y
B 7S A N 5 R U B Sk B S e X
577 1 S 2R AR BE, DRAF AR X B/ 1 77 A 25 B A
— 3 (Williams et al. 2000, Swanson 2010, #RHf
4 2014)

I T30 W 4 3% T AR PR B AT e R Ak
(P L% B e oP = Ah B2 i el A2 ) K AR
PR ERERER, SEY NI S AR
55 HY A DG HE (Aschoff 1981) o /NAY 5 2R 1A
HA X B R B AR AR, B R R kA
B, HICHREERE O B, PRI B AT AR R A e A AR
&5 (Schmidi-Nielsen 1997 ) o FRATM 45 R R
1k 0 B FA AL SR O AR, R R UM (E Y
124% , RWIH L8 BA SRR RATERE. &
5 701K 45 B2 00 15 28 — Ji HAT AH 0 850 g /Y B f%
T, X4 G A T IR B 2 ((Marschall et
al. 1991) , WN#E T #F AL 4E ( Estrilda melpoda) $
&5 i) K B i {5 & 135% ( Marschall et al.
1991) , i J& 1 L1 W A 8 1 T 215% Al
243% ( Liu et al. 2005), 7y S0 ( Prilinopus
superbus) 5 117% ( Schleucher 1999 ) , 7 #37
X, SRMEGN EEM a2, SERER
30 338 07 3ok A v A AT ) RO 7 R R Y AR
T, EEGARIR S (Aschoff 1981) o SR, —248
P 5 2K a0 2 5 B FF % ( Sporophila aurita )
( Weathers 1997 ) , ¥& 3 #§ £+ 4¢ ( Stephens et al.
2000 ) F1#% /K FF 48 (Burton et al. 2003 ) [y #4 (%
FHRIMA LR, 1E5.0 ~25.0C 5 [
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WL K0 R TR S S AR R AR T
32.0 ~35. 0CuE Ay, T HE 5 bl 5 A58 IR
Ji£ 49 TH 5 T RGO, 35°C i (0.37 +0.01) ml/
(g-h - C)o HHEFT T2 T8 RAL Tt
BAXATALIE IR T, S22 L KKE 2
i 7K 1) BR B O R AR, I PAAE R R K AR
ALK WAL HCAHL ] kR 2 AR PR
3.3 HERRK(EWL) HRTFIWEKEKRK
I F 98 3 22 ( Williams et al. 2000, Tieleman et
al. 2003a, b, Tirado et al. 2007), fE &,
AR PRI h R K B E R, WBEE
o e PR 25 2k K 23 B S AF (Muiioz-Garcia
et al. 2007) , PR 2 T [F 35 544 5
SN N T L B L N 1 B = B S I =0
(Williams et al. 2012), Williams ( 1996 ) i 53
Geit 102 Ff AR 3% 75 T 1 A I 21 55 5 2R 0 25
RRIKIG R, ERPHEXIEREA, kAT 5
b DX 5 28 0 7 R R KA T T M S 2R A R
KoKe WA AV B X K IRV R
(Eremalauda dunni) 1) 75 & 2K 7K He A 3% 78 ) 1%
Wi AR T R (Lullula arborea) fk 27% ( Tieleman
et al. 2002) . A= 3 78 38 [ B 77 19 ) JE 78 2 5T
R D 25°C i, L7 S SR KO TR T 0D A 1Y
173% , 3X—45 R R W 8 5 JF A 3 N koK 3
i (Xia et al. 2013) o ARG 1 Sk 48 B9 28 &
SRR Bt A BRI B Y b TR R i, 35. 0°C i
(211,75 £5.96) mg/h, B & 0 78 K KK
7 Lk G B PROK BE 1 885, HANRE A= i 7R AH X
TR K I TSR B

PRI K 7= A N2 K 2 7K B AR B A 7K R
R F (relative water economy, RWE) |, & K/
A FHRATAN —A> S W) 78 E BREE T X K B Y
FIFH RCE (MacMillen et al. 1983) , ¥ 1 iR B
Xof 7K 1) FH 260 256 1 5 i) 3 5 5k %o AR 7K 7 AR R
K I IK W) 0 ( MacMillen et al. 1993) , 4
PR K ™= A2 45 T 28 kR K B (BRI ZK R FH %03 R
1), sl Lhoe A Z AN K b 578, & H
TR YR AR A . AR A/
TAR KK CRRFHBCEEANT 1) R, s
e it Ah FR K PR, A 2 gl B K A T

(MacMillen et al. 1983) . Z&R LA 4 [7] 19 5 2
SRAT Sk B K A RO 1 B 3R 85 I
16.4°C . £ 5.0 ~15. 0°C & [l N 19 K 48 #4108
KPR/ ZE Rk > 1, 7E 20.0 ~35.0°C {5 I N
F kB AR K = A/ 28 Rk <1, k1S 7R
IBE I BE T 16, 4°C i $R AP BRI, 5 W AE
Tk B2 AN W T 1 0 78 K R KR TR K 1Y
PR, B 2 SO AR N K 43 OF i B AT R AE
Too X —IGAE H AN S A e e, 23
BEHREE A3 ) 11.5°C F1 13, 5°C /Y, P F 2k
4¢ ( Carpodacus mexicanus ) ( MacMillen et al.
1998) A1 72 K BB %9 & ( Neophema bourkii)
(MacMillen et al. 1993) /K F FIZCE K 1, It
Ah, 1E5.0 ~15.0°C 13K 98 19 K A B0 KT
1, XS5ALRIER ARSI AF . HH5
TR R IS, ACHR W Ry AR A, e A b
BRI 7K 7 A, A KR R 2R 3 T B
( Warnecke et al. 2010) ., TIEA MR N R s ¥ 7E
R IAEE N, 3220 o i e AR R A 4 (R e
GE, B Z AR AT A, RIINHE IR R 28 &
b N A N 1 A NS A S S N
(MacMillen et al. 1998)

el B R AR AR, Sk B BR
75 A R K, 38 5 K 1) B B R R R R FA
[ I B AT AR 2, pi 7 f k0 A R R 3R
BRI R R, R R R AR R
U 7 AR IR Y L R, 2 A A AR 1y
S o R, Sk B R i AR e 5 R
il RO, AR SR A, SR AR
NI S AR 1 47 A5 ( Zhang et al. 2006, Xia et
al. 2013) , I T Hoal N <A R B2 I KoK B
PEA I T3 /N il N M DX [R5 5k 2 A 2k
K ) RO, X A T O R AR .
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