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Comparison of Thermogenic Character of Liver and Muscle in
Chinese Bulbul Pycnonotus sinensis Between Summer and Winter

ZHENG Wei-Hong, FANG Yuan-Yuan, JIANG Xue-Hua,
ZHANG Guo-Kai, LIU Jin-Song’

(School of Life and Environmental Sciences, Wenzhou University, Wenzhou Zhejiang 325027, China)

Abstract: Acclimatization to winter conditions is an essential prerequisite for survival of small passerines. Seasonal
changes in a bird’ s physiology and behavior are considered to be part of an adaptive strategy for survival and
reproductive success. Changes in photoperiod, ambient temperature and food availability trigger seasonal acclimatization
in physiology and behavior of many birds. In the present study, seasonal adjustments in several physiological, hormonal,
and biochemical markers were examined in wild-captured Chinese bulbuls (Pycnonotus sinensis) from the Zhejiang
Province in China. Oxygen consumption was measured using the closed-circuit respirometer containing 3.6 L animal
chambers. State-4 respiration in liver and muscle mitochondria was measured at 30°C with a Clark electrode. The
activities of cytochrome C oxidase (COX) in liver and muscle were measured polarographically at 30°C using a Clark
electrode. The protein content of mitochondria was determined by the Folin phenol method, with bovine serum albumin
as standard. In winter sparrows had higher body mass and basal metabolic rate (BMR). The contents of mitochondrial
protein in liver, and state-4 respiration and COX activity in liver and muscle increased significantly in winter. Circulating
level of serum triiodothyronine (T3) was significantly higher in winter than in summer. Together, these data suggest that
Chinese bulbuls mainly coped with cold by enhancing thermogenic capacities through increased activity of respiratory
enzymes activities. The results support the view that prominent winter increases in BMR are manifestations of winter
acclimatization in Chinese bulbuls and that seasonal variation in metabolism in bulbuls is similar to that in other small
wintering birds.
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IR S AR RN AR PR R SR I oA, 1938
70 A A R s o BT T LA 1R 2 AR A
(Swanson & Garland, 2009; Zheng et al, 2008a).
B A AL B B JC I R R R H 2R
JOEFRA AR A AP 1) ] R TS
%Y1k (cold acclimation) BXZ=1i VL4t (seasonal
acclimatization) Jfr A2 EER TR (Starck &
Rahmaan, 2003). 7EARZBAATH, AESAET
AR SR X5 (life-history traits) [FJ1E4L
FEFEARFEEZEMER, EHES) SRR 1Y
ZhJ12 — (Starck & Beese, 2001 )., % F4n] 38
(phenotypic plasticity ) & HUARLEAS [F] A 55 H ST
AR, RIAFRIERRR R T, BN
WS —FhiG N . HRM PSR HEAT R AEB
TEA ARG 0 555 45 (Guglielmo & Williams,
2003; McKechnie et al, 2006) . X 2 54 ] 3 1 (¥ F 5¢
O A AR 2 —, e B 2
WAER R AT TSR REY . B
L AT A SE A TR A SR B4k (Starck &
Rahmaan, 2003; McKechnie et al, 2006; Lindsay et al,
2009a),
SIS IE N P A BRI RS L Ak
( obligatory thermogenesis ) Al & # £ ;= 4
(facultative thermogenesis). Fl# & $54EFF5) 41
L ) e B RS o e P 06 75 IR 8 oy A, AR T
T 255, WERCH % (basal metabolic rate,
BMR); Ja# 2 e R E . =715 S5
A DR A 00 T k= S A B B, R AR
TR 2, SO etk =3, W7 ok el
PR R, FEASEAREES) M A (nonshivering
thermogenesis, NST ). Bl £} ¥ /= # ( shivering
NSRS/ I I
(diet-induced thermogenesis, DIT) (Himms-Hagen,
1990; Ge et al, 2008« F1 T~ 5 75 2RI & 41 11
AN, AR IE Z MR IR T, W BMR. K
AR % (maximal metabolic rate, MMR). 522/ CH
K (sustained metabolic rate) . ¥ 4G AR (field
metabolic rate) 5. Joibffhid i, Q™
J5HR FR) 2 ) el ()R e VERFAE. (Wang et al, 20095
Swanson & Garland, 2009). BMR & {EiG s 4E£r
TE W AR BEALHI R S/ P G 3R, R B AT T 4
e84k % Kk A 1) Be P 7% 0 B b R = E
( AL-Mansour, 2004; McKechnie & Wolf, 2004;

thermogenesis, ST )

Barcel6 et al, 2009)., IL7E BMR &4 i 4 Ff ] F1Ff
W e EAC A LUR I EE AL, g A [H] )
PSRN RE EH AE/K T (Yuni & Rose, 2005) .
BMR A3 Wae EHAEN EESE, HAEWIRT
VF2 RS LRRIE A B E AT R IR DA G,
XIFTE T TS B ATA
SR AETE S K B k4 (Burton & Weathers,
2003,

VF 22 5 2 11 A A AT B ) b 2 45 225 1
il R, X6 ) RO R S 2R ) RE A, REE
RIS, &Z ARG — D5 RL
R, NI A A ERAT O S 11
e IG N AR ZE T () RE R TR R, AL FRARA NS 37K
SRR RS (shifts in basal metabolism)
P AR R FE AR A IR 19 & (Rozman et al, 2003;
Zheng et al, 2008b) . K &SN FELA i 52 M m LA
JO 3L B8 R FE SR S k. o e B RS (Cygnus
olor) FIEEENY (Tetrao tetrix) fE4Z&n] DLl id 1
TP 6 1 5 S AN ey B2 IR 07 110 % R e o 4
PEfE (Bech, 1980; Marjakangus, 1992). #A1fy, /N
BTSRRI, e AT B R R A fE
TCRR M8 0, HCHTAZEIEV 1 1 25 T 2 3G
77 (Swanson & Liknes, 2006; Swanson, 2007) ., 4
Z= I 1k, ( winter-acclimatized ) 14 i& NV ( cold-
acclimated ) [¥] & 2 R I L 2 2= 4K (summer-
acclimatized) FIBEIEN. (warm-acclimated) [15%28
A% =1 BMR (Lindsay et al, 2009b). HF57 & 1],
VP2 /MU 250 BMR HAT 221 L,
1 Mg (Sitta carolinensis) FIEK A (Picoides
pubescens) (Liknes & Swanson, 1996). k4

(Passer domesticus) (Arens & Cooper, 2005). #f

K% (P. montanus) (Liu et al, 2008; Zheng et al,
2008a) HIHKLH (Zheng et al, 2008b). KEHFT
KU, SRR INESIET, fERE BMR 325,
= aE 90 (Arens & Cooper, 2005; Swanson &
Liknes, 2006; Swanson, 2007; Zheng et al, 2008a;
2008b) . A2 15 0 VI 52 e ) R v AL =
BMR ] U 5 AR A AR R A fig
=it (Swanson et al, 2009).

JH JE 2 35 20 49 o K R g o (P AR M
B, [FINFE = HI)EE (Villarin et al, 2003). (3%
BRI LA L 1 7 A 1R D ik ] LAk 2]
25% . BMRIKP (48 il 43 a2 e 138 I ik il 4 ks
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PRI 3 B S 1 S ARG G ) (Li et al, 2001).
TEAEARE T, FZEIAEIHFERATPI G SR
TENLRIZE R, T AL Gk A 1) i = AR T
PRI RE 14> 525 (Rasmussen et al, 2004). £k
PRI (ORLARES 4 WP TR T P
IK (1) Jo1 22 RH 51 [ (1) Jo ARG R JE B, g i
Tl AR 3 1K 241 i 3 (Brand et al, 2001) . Z& ki
PREE & B R (0 = CAULE (COXD T IR
T A K B IARE ST, SRR R M A
MV ENLH 2 — 242 i 4 2L COX R ) Fl 4 kit
PRIFI (Li et al, 2001; Collin et al, 2003), FFUIR R
# (thyroid hormone) = ZLU 4% FUIR I 5% (thyroxine,
T,) A=l R )5 Z#R (triiodothyronine ,T3), X}3))
VI BMRA EZAEH, G IACH ™ ) B2 A P
fithh 2 — 2 FODR 9t Dy e DR B FFOIR IR 8 28 /K1 7= AR
TR, TR HLAR R EE ) (Liu et al, 2006;
Peng et al, 2010). IMLiFH H= FURIREIER &1
BMREE EAC % (resting metabolic rate, RMR)
FRAR 30%E0 0 22, BH S AN S8 IR 52 1%, B
BRI P e 3 b 30% 4K M T IR IR I ER
(Enrique & Silva, 2003).

13L%9 (Pycnonotus sinensis) A 1%, BEIE
H (Passeriformes) 7%} (Pycnonotidae). 154}
A T RO KRG A AEMALER . hrg . e 322
AT RPN IR . P G . pEE Y )1
SEARICHS: AR, WAREMEE; b
KPRV R AT R s M) P R A . S A
WA — M WL H %382 — (Zheng &
Zhang, 2002). K EPERAY, BEAE T AR
AR, HFEECEIEEYIN T, AW
YWY . AR ATa )T, BER, e
HAMREN B —F V53501510 R AR, AR
TIFEZTPERE (Zheng et al, 2008b) . FFE 45k
AAEIAERE, AR WALy EE S, BETR
IS L R A db % L (Song, 2006). 2RI
B8 A B R AL BRI BMR RIS 58 1) #4
X (Zhang et al, 2006), AR ™ #A77EIH 1T
(2= A8k (Zheng et al, 2008b), W HEasE (Ul
JHERE O B IERTEALTE ) YL EE AR S BMR
IR/NRIEASG, AR Sk A4 Y A A AR S PR 2%
B, XN E AL RN EIAEEE, &k
BMR [FEZERZE (Zhang et al, 2008). 4ATf,
TEEHARET  JT F1 3K 40 ™ AL B 1 27 1

A, EAIMIBERZ BT ASCLE SRR A SR )
ey WGE TRPHNEAER SRS S AL A Eeohr 14
FIf R 2O RNFIRT COX iR 7, I M4 it K
P RE D ARRE SR P AR R AR A S R
TR

1 #MR57H%

1.1 K1

15 HAk#9F 2006 4F42 (12 A F )RR
1A, 8 H: 4%, 48) F12007 FHZF (6 H M)
27 H, 7H: 2%, 58) fi AWTAERM T HLX

(27° 29’ N, 120° 51" B), #nicdfarse (%1
FO BFE TN R AEZ B PS8 s o A8 ARG =
HECP¥I4 21.3°C (18—26°C) MIAEEAAF F H HHH
BROK, —RKEHT S,

1.2 RKiftnE

B (AU 6 LU /IS ] 57 ) A
7~ [ml Oy (g« h)]e FEAEE K B X IR A )
I 52 A 5E (Gdreckd, 1975), 7K1 IR, &
P, WREEHIE 0.5 CLAN . MR =AY 3.6
L, HIKOHFIER I 2 N IR COL K 73 5K
IOV E N 25°C . ARHPR (MR) 1l 2 B RAE 14:00
—20:00 I [HJEAT . SEEGHTZIAE T 4 hy NP
EWIEMN 1 h, AR S minid &I, EEEWNNEELE
1. R AR THEEMR, JEIE 1 hif ke A
1.3 ZRRiiRETH & & FEIR A9 E

AU &5 o 5, Tk DR 3 4 1 2 31 %
A, AN O I AL, 4% Sundin et al

(1987 A 4H IR J7 %, HJHIERIVLA & T 0.25 mol/L
FERABTTEE (UKD, SRS 3 BYRE I AL ZUBAN
PeE-Teflon > 4N, IIAN—EARFR A RIS

(100 mmol/L KCl. 50 mmol/L Tris-HCI. 5 mmol/L
MgSO4. 1 mmol/L EDTA, pH 7.2), 13000/ min
B0 7 min, HEIEHCT 10000 r/ min (10 minp%
R, BRI,

JH AL IR ) 2 R AACIR S 4 PR FH 40 48 FaA
BEAY (FE[EHansatech, DW-1) W5, SV
H30C, RNVAMAEAAR 2 mL, A 1.98 mL
FJFR (225 mmol/L sucrose. 50 mmol/L Tris/HCl.
5 mmol/L MgCl,» 1 mmol/L EDTA. 5 mmol/L
KH,PO,, pH 7.2) F1 0.02 mL £k ki 14 32 B

(Estabrook, 1967), VABEFHRAE)IRY) .
14 AR C |E (COX) BIMNE
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COXH% M K [ Sundin et al (1987) [R5, K
AR - S G e, OV 30°C, RV
MWIRAFA 2 mL, JOA 1.99 mLIEF# (100
mmol/L KCl. 20 mmol/L TES. 1 mmol/L EGTA. 2
mmol/L MgCl,. 4 mmol/L KH,PO,. 60 mmol/L BSA,
pH 7.2) F110.01 mLEK S, LA (= CAE
&)

1.5 ZERRENNE
PLAF I3/ 85 (A M An v, KA Lowry et al
(1951) 7738, D5 IR ARJUL PR () 3 1 B 4 £
1.6 MERIREREE (T,) FA=ZMBRESER (T
REME

K i BB A FU B8 28 7= R T FH T JBUH e fie
4B TIE  (Liu et al, 2006) .

1.7 SFitoth

I SPSS St AT t-E Ak 3, AT
T G AU ZE R bR 52 A4 (1) 52 el 1T A5 B0 AT 45 SR
W2z, RMHARE AW 7 25

(ANCOVA) LA AT A NFIA T (25 P
FE5 . P BEE LA £+ FRvELR (Mean+SE) %
7N, P<0.05 BIIAH Z=S 3.

R

2.1 AREFEMMABE (BMR)

FEKI AR 2 M e e . AR,
H G, A7 A M AR = 24% (R 1)
F1 3K IR BMRAE AL W (1) 2= 15 AR AL, AR 44
HEBMR (0, / g *h) WEZ= KM BMR S H 29%
(R Do USMHARMIALT (O, / 1), KA TE
[BMRLELE ZEBMR A 59% (3R 1). AL 54T
1A FEBMR A5 ) 38 AABMR £ ) J7 25K IEAR )5
Bl ez, AZFERA R FEBMREL E 2 & i
61% (F(1,12=6.646, P<0.05); %4ZEH{ABMRILE 2
FiH 59% (F12=10.518, P<0.01).
2.2 FFREZAIIRER. LRIKMERFD COX FEH

ZEATPEAR AT S I 2R A R 1 A

2 &

F 1 BARUBRTREFIALA S E A= HREHE
Tab.1 Character in thermogenesis of liver and muscle in Chinese bulbul Pycnonotus sinensis between summer and winter

TiH TItem 578 Summer %4ZF Winter 7= Y Significance
FEAZL Sample size 7 8
{ATE Body mass (g) 27.5+0.7 34.0+0.8 t=5.908, df=13, P<0.001
fRiflf % Metabolic rate
0,/ge*h 2.83+0.23 3.65+0.15 t=3.308, df=13, P<0.05
0,/h 77.72+6.03 123.5144.05 t=6.446, df=13, P<0.001
JFAE Liver
i Wet weight (g) 1.23£0.10 1.58+0.05 t=1.983, df=13, P<0.01
% 4.494+0.36 4.66+0.10 t=0.490, df=13, P=0.632
i hifA H Mitochondrial protein (mg/g) 17.75+0.58 27.06+1.48 t=5.553, df=13, P<0.001
L RiACIRES 4 I State 4 respiration
nmol O, /(min‘mg) protein 57.08+4.71 73.20+3.84 t=2.679, df=13, P<0.05
umol O, /(min-g) tissue 1.02+0.10 1.98+0.16 t=5.009, df=13, P<0.001
WL Muscle
£ hifA H Mitochondrial protein (mg/g) 5.90+0.66 7.83+0.80 t=1.822, df=13, P=0.092
LRiACIRES 4 P State 4 respiration
nmol O, /(min‘mg) protein 47.88+8.18 84.00+12.11 t=2.397, df=13, P<0.05
umol O, /(min-g) tissue 0.27+0.05 0.67+0.01 t=2.831, df=13, P<0.05

BEW, AFMELRAED S EILE FE T
53% (R Do XFHFAEMLR AR 4 0PI T
15 PR 2R BRI [nmol O, /(min-mg) protein] [t 5
7=t 28%, By A ZALRLAR I [pmol O, / (min-g)
tissue] Ll = 2= H 94% (3R D &= LIS IFECOX
R ST E 2R, BB ) [nmol O, / (min'mg)
protein] #4117 50% (t=2.324, df=13, P<0.05), %}
T 20 2 77 (umol O, / min g tissue) N T 128%

(t=3.923, df=13, P<0.01) (&1 ),
23 ARZAAER. LRI COX FEH
LB i A = R DR LTINS ES R A LN S B
AR GR D, (RES 4 1R AH 21214,
BT SRR L 2w t 75%, B v 2GR AR
PR L B 2 i 148% (3K 1) &7 113k ILIA COX
H5EFMHW, ZREE. ARSI NT 66%
(1=3.026, df=13, P P<0.05), #F o225 Sy n
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T 146% (t=5.234, df=13, P<0.001) (/¥ 2),

120 130

nmol O2/min * mg protein
| O pmol O2/mum + g tissue 425

)
S

k]

4120

—] *

80 |

60 | 415

a0 T 410

HFWECOXIE F1 COX activity of liver
(nmol Oz2/min + mg protein)
(umol Oz/min * g tissue)

20 105

FFHECOXiE 11 COX activity of liver

% % Summer A2 Winter

K1 =2 SRHE COX i I AL
Fig. 1 Changes on mitochondrial COX activity of
liver in Chinese bulbuls between summer
and winter

24 METHT:;EE

S8 5 Ty & A R AR, &
FMET; FHILE T 75% (1=6.752, df=13,
P<0.001); 1 L35 Ta 7% 5% A B 2 19 2= 45 1 A2 4k
(t=1.603, df=13, P>0.05) (& 3).

10 p =35
T3
[ Ts T 430
08 |
125
1
-
g 06 [ / 4 20 g
2 2
= oaf 57
e O T e
=410
02 F
/ ]
/ /7
H % Summer &% Winter

Bl 3 AR TSRS T TS & 2= 1L
Fig. 3 Serum T; and T4 in Chinese bulbuls between
summer and winter

3 i i

KGN G, I R R
w R, AT WME. RS R
B1) WS SR W T AR [ AR S 3R (Swanson & Liknes,
2006; Swanson, 2007; Zheng et al, 2008a; 2008b;
Chamane & Downs, 2009). AR, HLEEK
PRI ) R ZE TR AR A S, RBLE A
Z BMR. ZERURVEACSESRFR I WA, MmEFER
L AH B 4 2R
3.1 {KEF BMR [(F LA
3.1 M FRAMARE, WA i, ')
R J5 R HE B 1] B ) A BHOIR A A 1 2 A T Y g

—
[+
=]

30p

5 nmol O2/mimn + mg protein .
2 1 pmol Oxmin * g tissue * 2
5 T T 4150 % _
£z z 2
z B = 8
5 & 20F * 4120 z =
-] I 2 o
55 5
S g 12 S E
35 I g3
5 1o I 60 1 3
-] X g
o g o2
=1 o2
= 1% =
= =
H % Summer &% Winter

Kl 2 £EWFEAKRBILA COX b AL
Fig.2 Changes on mitochondrial COX activity of
muscle in Chinese bulbuls between summer
and winter

A EEERN, AEC O E SR BN
(living costs) [HHEFFFFZ — (McNab, 2009).
22 B SR H IR 19 T n] LSS 2 A R b 3 ) e i ik
& F(E) PE B A 4 (Liknes & Swanson,
1996). AHFFTRM, KPR 7k LI H B8 1
FENEARL, AR AEILE FE S 24%
(R 1o MR IIX— AR b 34 5 70 VF 22 W ar S At/
Y 52412 (Liknes & Swanson, 1996; Zheng et al,
2008a; Chamane & Downs, 2009) , U174 (Fringilla
montifringilla) &R E L E & 15% (Pohl,
1971); [ TG A B AR 1 A 2= (1) 44 3 il L B 25
with 5% 7% (Liknes & Swanson, 1996); 4Z=fif
FREE AT 5L, BT 4% (Zheng et al,
2008a). Chamane& Downs (2009) 7EMF5T R AELL
Wi (Onychognathus morio) IS, % BRI 45
B, GBI AT BN, AR 3w
DL oBE % A& 2% 1 B b % ( ratio of
surface-to-volume ) , 1] L 9% /> #v & 1) K
(Schmidt-Nielsen, 1997).
3.1.2 BMR AN AR, shi 2
DURE B FET R FFTE M o /D 5 2R A RIS )
PR, B BIOH T34 e FEA N 2 R (B FRIG
XTREE VAR, X 0] LU IEAT R . TEARIAE B
AR AFLLSEEL (Liu & Li, 2006; Swanson, 2007),
M /N2 5 R HR P VA 1) 3 B T7 X nT R A2 39 i = 4
(Swanson, 2007; Swanson & Garland, 2009). %
NI BMRfE BE 2= 9 94 ( seasonal
acclimatization) FI¥A &N, (cold acclimation) i3
T, WHHRAE (Zheng et al, 2008a). [ i A1 E 5K
A (Liknes & Swanson, 1996). ¥ KAft#% &
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(Chalcomitra amethystina) (Lindsay et al, 2009a;
b). ZL4F S (Zonotrichia capensis) (Maldonado et
al, 2009) F1sklt 11 & (Alaemon alaudipes) (Williams
& Tieleman, 2000). FHAAR &5 AR HIRAEVF 2 N Y
WL, WK (Meriones unguiculatus)
(Zhang & Wang, 2007). A1 [KH & (Microtus
brandti) (Li & Wang, 2005). 5§l % (Ochotona
curzoniae ) (Wang et al, 2006a) FIAR H i (M.
oeconomus) (Wang et al, 2006b) %5, P54 E R
R MR E AR, T ZE AL 2 ey o
BRI LL A, Al B fRA B HCEAT (Schmidt-Nielsen,
19970 T/ S A FRBOR IOAR R T AR,
AN, A SnT LR /N 8 2K
MR . REMFLS K, SRR H
AR R ZKSE b, AR = 5 S 04 (I 52 P
WEIEA DG, LF 152 6 77 5 iR FARe AR £
(Swanson & Garland, 2009). M\ZET M EE, /D
TR 1) 25 24 7 ey 1A A 56 R ) S8 14 T 52 1) 1435 3%

TELE, IXEEHPITUE R, AR AR /N 2R &
TER A N AL LA 55, RIS R m] DA A #7
/N Y B 80 SE VA T 2 fiE 7 IR 4R AR (Swanson &
Garland, 2009). k#1542 A7 /R T [¥) BMR 1%
& BMR 73 A2 2211 1.3 F1 1.6 £if, #7747 BMR
(Y14 I m DSBS A BB 1 pie, L B X
Wz —o SHEE BMR FVEEALH LR R St at
BRI E A (80 4R (nutritional organs and/or
tissue) ) E E (Swanson & Garland, 2009). #2534
LB FRAR A (B0 AL RARITI . A ABET
T R0 5 5 AR AH DG BB EE K F (Collin et al,
2003; Liu et al, 2008; Zheng et al, 2008a) .

32 {ARRKFEEFERBENMETNHET

32,1 JHFME Ak SO B W Al R T
fith, JLIAEESR A0 AR 4 Y R A T R
AR WAEH . i 7% (proton leak) & iR
[ T I AN ik ATP & il 52 6 7R 31T ATP &),
0 B30 ek 7 A A [ 1 o P i o 3 — e
o, WCARLE B A K B e A LA B X
eI IR AE B ) SRR AC U b o AT EE B
RF S8 T 118 T W R 46 A (10 AR B 238 0 A HE 2 (1) D
BRo IR ONAEI B T, Ak T Rk
I 15%—20%, SRR MR SRS FH T
UK BN J5 I I AR FE LE 28] BLIR 21| 26% (Villarin et al,
2003). At ER C LM LR A Py 321 IR

Wz —, FLREIE 77 (A8 4k v] DA s e th 20 23 g A =
2R (Lietal, 2001; Zheng et al, 2008a), 2=
I, B AL AT DU G N 4 SRRk
Ay CHPMUBT 3G = $0ge 1) F(Es) 3 b sppy
MR T = Aae )] (RICUE B340 kftm
Y HAK P BE S (Zheng et al, 2008a; Liu et al,
2009). FATMBFFLA RGN, RIS
BELANE 20 AR IR W R g 5 2 2 R A R I 23 il 15
T 28%F1 94% (3R 1); COX (¥ 5uA0 Bigsh 1 Fdg e
YLZAEE 10 I T 50%F0 128% (B 2), KW
1 Sk B8 A4 2 JHE T 10 A3 ™= B Sk v 1 3 2= I 1)
AU = e AL 25 R AL T B R (Liu et al,
2008; Zheng et al, 2008a ) #4445 (Spizella arborea)
(Swanson, 2001). IS ERA Y (Liknes &
Swanson, 1996 ) %5/ &SR 5y )5 i S (Wang et al,
2006a). R H il (Wang et al, 2006b). i [ H il (Li
& Wang, 2005). KJRVP i (Zhang & Wang, 2007)

IR (Tupaia belangeri) (Li et al, 2001) 25/~
L3 .

322 LA VLR A SR A o AR R A S A
(lower mass-specific metabolic rates), {HHTHLA
P 7 SR BHRTE 40%, S B~ SR ST 1)
FHETTHRE Z — (Swanson et al, 2009). Porter
(2001) I B LE AR T - X0 T I B 3k 2%
A2 P/O LA R FHIER, 4 A %L P/O L
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