B, 2008, 28 (4): 409 -416

Acta Theriologica Sinica

DR AT W) BT AR S S X s Y e A
Fr=ge A, FEEMER TAERERA, K3 Zegers and Merritt, 1988 ;Himms, 1989 ;Klingenspor et
B FIR BT IR B S R W Bh W P I T LB AP el , 20005 Gottreich et al., 2000; Peacock et al. ,

ANRE, H T 68 AH B VR H 3 55 S 3 4 1) 7= 30 2004 ; Liand Wang ,2005 ; Lovegrove ,2005 ) 1 Wt

St AR E X KR AT RN
XIFME IR e i THR

(ZFIN SR A i B2 2 e, BOF W0 AR W) REURRR 22 0T R AT TR L, BB 650092)

FE. T W L XK R B % JRORIR E AN T (938 B MR ARAE, KRRk 4 41, /30l F5+1C,
6L:18D; 5 +1°C, 18L:6D; 30 +1°C, 6L: 18D H1 30 +1°C, 18L:6D 4 414 T Yifk 28 d. 43 BIMIE T % B
(0d) MYME28 dJE, B—RMEE, AEA™IEET); IFE DL 28 d 5 4 ARG RA ARG T IE A48 88
Wi AL 7 RTE AR, SR R, FEINEES N REURIRE T R, MR AL, #ak AR A, demis v
PRE S BN, AN € N I A 20 7 AE P B AR B T AR RR T R B S IR A R IS (H G IR
WX KGR AR E | RIR . PR IVEE S KT ERAE € I8 5 4 21 7= PG v 3 B R L HET A T RS IRT LD AY AR
S5 I IRCRRAE AT RE S BOR G5 BRULE 22719 38 I G AR ok IR R A BIURRAR B v TOR R

FKHEIW . RO SBREW, A, SR M R

RESES. Q494 XERERIAED . A XEHS . 1000 -1050 (2008) 04 —0409 - 08

Effects of photoperiod and temperature on thermogenesis in Eothenomys miletus
LIU Chunyan, XU Weijiang, CAI Jinhong, LIAN Xiao, WANG Zhengkun'
( School of Life Sciences of Yunnan Normal University, Engineering Research Center of Sustainable Development and Utilization of Biomass En—

ergy Minisiry of Education, Kunming 650092, China)

Abstract: Four experiments were designed to investigate the influence of photoperiod and ambient temperature on body
weight, body temperature, resting oxygen consumption ( RMR) , nonshivering thermogenesis ( NSTmax) and cellular bio-
chemistry in Eothenomys miletus. Eothenomys miletus were acclimated to the following conditions for 28 days: 1) long days
and warm (30-LP) (30+1°C, 18L:6D), 2) long days and cold (54LP) ( 5 +1°C, 18L:6D), 3) short days and
warm (30-SP) ( 30 £ 1°C, 6L:18D), 4) short days and cold (5-SP) (5 +£1°C, 6L: 18D). The results showed that
temperature was the more important environmental factor for variations of thermogenesis in Eothenomys miletus. In both pho—
toperiods, body weight, body temperature, RMR and NSTmax were significantly modified by ambient temperatures. Expo—
sure to ambient temperatures at 5 +1°C was associated with a decrease in body weight, body temperature and an increase in
RMR and NSTmax, Heat exposure caused an increase in body temperature and an decrease in RMR and NSTmax. The low
temperature could induce an increase in Liver/BAT protein contents, mitochondrial state-3 and state-4 respiration, a-glyc—
erophosphate oxidase of Liver/BAT mitochondria, and cytochrome C oxidase activity of Liver /BAT mitochondria. A warm
ambient temperature induced opposite phenomena. But there were no significant differences between long days and short
days. Thermoregulatory responses to changes in ambient temperature were not significantly altered by day length. It seemed
that Eothenomys miletus were more sensitive to temperature.
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L XAk F PR X ZR SV IX i 77 e Dot i A 35
O3 o FHTRE DR LLRR R 1) BT b A5 R PR IR R A AR A
) bl PR AR T PR AR AL AT RE /N AL IR L 3 ) A=
PRA SRR AN R FR BE B 52 e, KRB ( Eothe—
nomys miletus) J& T HRIFL (Arvicolinae) #h4¥),
SRR I L i DAY T A (SRR AL, 19995 FB /D
12,1993), HH B (Eothenomys) #HIEAE L5
REJE  ( Clethrionomys) AL, )& & [0)JE 254
WL, ZE L% E HM (Allen, 1940; Ellerman,
19415 FENAE, 2003; BB MEET , 1996 ; & 5 H
45, 20005 Luo et al., 2004; X />3 F0 %) ¥,
2005) . MLAERA A S, XNZ WA S WAt A
FI X bt ——25 O 28 J5 0 M RN R B Y T i
(Chaline et al. , 1999; Sharon et al. , 2006; Thomas
et al. ,2006), TIBEAF(1999a) , 1155 (2006) Fl
RTT IS (2008 ) J8 S5 & BUIZ Y FhLE AR 5 AR
AR N 2 e G 7K D T 19 2 B HE X 32 3 DX ) 36
I, T2 A b Ol R A T R A B A8 Ak A BIF S AR
BE= ., P, A SCUARG R o S50 sh ) SRz X
/NTL I L Bl 0%k 5 R S0 0 B 5 0 R AR A S B i
L 7 AR A R AL Sy R — 25 N7 BT L )N B O
FL 3 ¥y A 3 A 2 AR AR Rt S AR

1 AR %

REIYH A =mA B A e iEk
2 590 miR Y, HIEYIFE T = 8 IS K 2= A
Bleg 22 B h Y 1 3% B 0 0 35 B SRL &b, TESRL A
H AR EE KOG A H R LR i oK,
BHHEK . SR 35 1 RS B AR 3 AR S R4
Jad (FAREZESANRE) 7Y LK, 9
AR AR IR (5-SP) & 5 = 1°C DG AW
6L:18D; {RIRKIEIR (54P): FS5+1°C .,
M 18L: 6D R IEEE (30-SP): 30 = 1°C . J&JH
#6L:18D; K I (304P) . FEiH 30 +1°C
IR 18L: 6D, YL a2 28 d, YIfLHT (0 d)
gk ) (28 d) B, H Kalabukhov-Skvrtsov
(1959) FF P41 =X 3t 4k FE 7 0 Wi A4S0 5 3 4 7E 25 +
0.5CH} # 1R E T B FEE & ( Gorecki, 1975),
A 1E AR % (Resting metabolic rate, RMR)
D ERHE R 1 h, BEBE S min i85 1K, EEGE
SEFE E I B AR AE K 3T RMR, BT 15 S AR FR B8
ERRRHERE (0°C, 1 AKRAIE), J8 BiEH:
e, B0 NSTmax, H B FEHSEZHE LRERES,
FEH R 4 0.8 meg/kghH ( EBUR A, 1999a),

FH = P12 A4 e 7 B I S 2 2l ) e R AR S AR R
NSTmaxfgr, 52| &M 15 min J5 45 RLE,

Ytk 28 d J5, Wrsiabsezhdy, s B I E
g4 21 (Brown adipose tissue, BAT) , K]
FHERA (1999a) J7 ik il & 4R Sl e 2k i
WEURRE ST . A0 R C AL B AN o R H il Ak
BTG, SCHT 3 ~4 Al T,

5 A€ 1 R H Folin—phenol 3%, VL4 MG &
H (Sigma AA]) MR,

B A B OR FH SPSS13. 0 it AT, X8
YT G A | PRI QR R R R A
K BT REA T A% YIibfE KRR SR, RIE .
FERRACI B | AR B BOR I E . BAT 445
AR AR AL, 3 1R O BRI EE PR A PR A ]
T HOBLA 5 22 500 . 45 R LSE %8 + SER IR,
P<0.05 2% 8%E, P<0.01 2R3 EE,

2 #X

2.1 G R R IR BT U BE X A AR I 7 A ) 5 i)

JEHRFE I RO R R E AN E (F =
0.380, P>0.05), Hu 2= HaJ204.3%.
EMRRAMET, KOtBAESEIIIMLE , Kot R Ak
HEH O d AL WAL, 5-SP 405 28 d i FEAR
T13.6% (P<0.01); 5LP Ak ES| 28 di}fFE
8T 15.3% (P <0.01); fEREELEMNHT, Kt
MEDERYIMEE, RYRIAES 0 d MBI T
WK, 30-SP AMIREEINT 3.3% , 30-LP 4l{kH
IR T 0.9% (P>0.05) (K1),

Ot B R B X K gk RO R R W (F =
2.554, P=0.112, P>0.05), HARHE SR
IR ERAL (F=40.5, P<0.01), @mi&kSE
HEEETE (F=39.9, P<0.01), 5-SP ZHHI
SIP YL 28 dJ55 0 d ML, 5-SP 41 KkiE FH
FEAIK 0. 59°C, 5-LP AR F (K 0. 55°C ; 30-SP
MYk 28 d J5FHAKIR S 0 d A TR 0.75C;
30-LP 4L Y14k 28 d J5 5 0 d A b F ¥k E T S
0.88°C (F#2),

TR TR 45 BB RMR S2mi#k B 3% (F =
12.451, P <0.001), &2 94.8% ; MG
JIXT RMR 52 A 3% (F =0.678, P >0.05),
I BT 5. 2% 5 5-SP 41 F1 5P 41 91k 28 d
J& RMR 43 5I3E M T 29. 1% F129. 8% , i 30-SP Fil
30-LP LN ZEYI{L 28 d BF RMR 2 FFAL, P4
WK T 25.8% f124% (K 3),
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EL1 DGR AR X KR AEEME W, 5P il 5 =
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30-SP: =ik 30 £1°C, JLJH#I 6L:18D; 30-LP: Fiit 30 = 1C,
e E 18L:6D; " P<0.05," P<0.01 (S5XfME410d i)
Fig. 1 The effects of photoperiod and temperature on the body weight in
Eothenomys miletus. 5-SP; short days and cold (5 +1°C , 6L: 18D); 5-
LP: long days and cold ( 5 +£1°C, 18L:6D); 30-SP . short days and
warm ( 30 £1°C, 6L:18D ) ;30-LP: long days and warm (30 +1°C, ISL

:6D). P <0.05, © P<0.01 (compared with 0 day)

S B R X K 28 B NSTmax 520 AN B 3% (F =
0.184, P=0.869), {HIEEEXF K4 AY NSTmax 5
k2 (F=31.098, P <0.001), 5-SP fil 5-LP ¢4
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Yi4k5 44 Acclimating condition

mm JI{LETRMR RMR before experiments
1 Y{LJSRMR RMR after experiments

# 1LARHH 2. Resting metabolic rate (mlO,/g

Fl 3 G AR EE X KO 25°CTF RMR 520, 58« %
5=1°C, JEAW6L:1 Dy 5P %5 =1°C, JG/AM 18L:6D
3-8 % 30=1C, St 6L:1 D; 304P: Fi 30 1C
St W 18L:6D.* P <0.05,™ P<0.01 (5XHE4H 0d %)
Fig.3 The effects of photoperiod and temperature on RMR at 25°C in
Eothenomys miletus. 5-SP: short days and cold (5 £+1°C, 6L:18D);
54P: long days and cold ( 5+ 1°C , 181:6D);30-SP ; short days and
warm ( 30 £1°C, 6L:18D);30-LP: long days and warm (30 £ 1°C ,

18L:6D). "P <0.05," P <0.01 (compared with 0 day)
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18 Body temperature (°C)
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Yifk4&F Acclimating condition

mm J{LH{EE Body temperature before experiments
= Yi{k/5/4R Body temperature experiments

B2 OG0 BE X R SRR R m. 5sP: IR S«
1C, JeJA M 6L:18D; 54P: E ¥ 5 +1°C, S/ 18L:6D;
30-sP: il 30 = 1°C, DA 6L: 18D; 30-LP: =t 30 +1C,
SGJEH 18L:6D; “ P<0.05," P<0.01 (S5XM4H0 d [bER)
Fig. 2 The effects of photoperiod and temperature on the body tempera—
ture in Eothenomys miletus. 5-SP: short days and cold (5 + 1°C, 6L:
18D) ; 5-LP; long days and cold ( 5 £ 1°C, 18L:6D); 30-SP: short
days and warm ( 30 £1°C, 6L:18D ) ;30-LP: long days and warm (30 =
1°C ,18L:6D). * P <0.05, ™ P <0.01 (compared with 0 day)

28 d B} NSTmax 23 B34 N1 64.7% 1 60.4% ; 30-
SP 1 301.P 4 7E Y4k 28 d Hf NSTmax 43 Bl AL T
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Bi4k2544 Acclimating condition
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B4 6 JE AN R 8 B 25°CF NSTmax 317, 5-SP. %
M5 +1C JEAM 6L: 18D ; 54P: HiR5+1°C, JLJEM 18L:6D;
30-SP: =i 30 +1°C, L) 6L: 18D; 304P: i 30 + 1C,
S JE ] 18L:6D. ¥ P<0.05,"" P<0.01 (S5XFHEZH0 d lL%E)

Fig. 4 The effects of photoperiod and temperature on NSTmax at 25°C
in Eothenomys miletus. 5-SP; short days and cold (5 +1°C, 6L:18D);
5-.P: long days and cold ( 5 £1°C, 18L:6D) ; 30-SP. short days and
warm ( 30 £1°C, 6L:18D ) ;30-LP: long days and warm (30 £1°C,18L

:6D). P <0.05,"" P<0.01 (compared with O day)
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2.2 JFAEA SRR A AR Ak

SRR A X K gk U AR S B g o 3 (F
=0.316, P =0.499) , X JiFHE & R A I W25 IV A1
REMA WA EE CRENV, F=0.871, P =
0.51; IREM: F=0.928, P =0.401), X AT HEZ
MR C EAMEEM M ALE (F=0.874, P
=0.674) , I HX o — BER H 0 A A BT M 52
AR E ( F=0.361, P=0.891),

T I E R e i (F =8.238, P <
0.01), RGPS & W (F 1), RE
3 25 5 R BRI (P <0.01), fRiR4
(5-SP 1 54.P) @4l (30-SP A1 304P) Zki
RIFICR STV E 116% . REM & 91.7% (£ 1),
T BE XTI A (8 R C AR AR I 1 i B (F
=8.973, P<0.01), FHE4nifia & C & 1Ll 16 %
fRUR 4L (5-SP #15-LP) iRl (30-SP #130-LP)
15 346. 9% U BEXT KGR o B R T S Ak Bl s PR

B W% (F =9.514, P <0.001), fKii4H
(5SP Al 5LP ) &4l (30-SP F1 30LP) &
56. 0% .
2.3 BAT Re &R A8 1k

SR FE 6T R4k R BAT S, B AR &R0
HRMMAEE (P> 0.05), B 5FZ3EE MY
] (P <0.001), BAT Z&ki AR ZS IV IRt AN 325
HEJE AL (F =0.786, P <0.654), {HE B XFH
M B3 (F=33.457, P< 0.001), Hths5-sp
ZHH 5P 4H BAT R IV IFFIE & 30. 9% , 30-SP 4]
F 30-LP 20 BAT R & IV IFEIE & 26.9% , KSR
BAT At 2 C %k BT Pk A 32 O RS 1 04 52
(F =1.718, P=0.812), MiZiEEEZmM (F
=18.741, P <0.001), fiKiE4l (5-SP F1 5-1P)
R4l (30-SP 1 30-LP) BAT 4Hfif % C Ak
FEEMER 8.6 1 (£ 2),

R 1 EFEHME EX KGR B #20E S

Table 1  The effects of photoperiod and temperature on liver thermogenesis in Eothenomys miletus. ( Mean + SE)

5-SP 5-LP 30-SP 30-LpP
FEARKZ (N) 8 8 6 8
JFIETE 4 Liver weight (g) 2.54+0.22 2.42£0.13 2.16 0. 11 2.09 +0. 09
JTFAE /K B Liver/Body mass (% ) 6.68 +0.44 6.24 £0.45 5.08 0. 37 4.79 +£0.23
BEM Total protein (mg/g) 107.5 £10. 2 103.5 5.5 47.4 +£3. 3 45.8 +£2.9
2R IR 11 Mitochondrial protein (mg/mg) 32.4+2.8 29.6+1.8 16.8 +1.3 17.9 +1. 4
IRZE IV I State IV respiration 57.3 £5.1 51.8 £4.2 26.4 £1.9 24.1 1.8
MRS IENE State 1T respiration * 83.4+7.1 88.9+3.6 44.1 +3. 6 45.8 +2.5
B P/O ratio 1.8720.11 1.96 +0.08 2.01£0.1 1.94 0. 12
I I 7 il 28 R espiratory control ratio 3.18 £0.26 3.28 £0.27 2.8+0.19 2.98 0. 21
Mo 2 C A AL BEIE T Activity of cytochrome C oxidase 154.8 £12.7 153.1x9.8 36.4+2.8 32.5+2.9
o R M LMK B I PE Activity of a—glyceriphosphate oxidase ” 55.2+3.2 49.5+3.9 32.9+1.9 34.2 2.6

* Mifi The unit: ngO/min. mg protein
F2 XBABHMBEMNKAR BAT =HFEHZM
Table 2 The effects of photoperiod and temperature on BAT thermogenesis in Eothenomys miletus. ( Mean + SE)

5-SP 5-LP 30 -SP 30-LP
FEARKE (N) 8 9 6 7
BAT H 1t (g) BAT weight (g) 0.46 +0.05 0.44 +0.03 0.26 +0. 05 0.24 +0. 04
BAT//AT BAT /Body mass (% ) 1.18 £0.08 1.13+£0.10 0.61 0. 02 0.55+0.01
BHEH (mg/g) Total protein (mg/g) 39.3+2.6 38.0+1.67 13.4+1.0 11.8+0.9
LRiRE M (mg/g) Mitochondrial protein ( mg/mg) 26.4 +1.8 25.6 £0.9 8.6 +0.6 7.4 +0.5
IRAE IV BRI State IV respiralion* 85.9+4.6 81.27 £3.3 18.4 1.5 14.5+0.9
4o E C AALAFE M Activity of cytochrome C oxidase 5780 +410 5674 +381 610 +41 580 +128
o R M 4K B I PE Activity of a—glyceriphosphate oxidase ” 531 =38 482 +29 128 +7.1 114 +8.8

* B/ The unit . ngO/min. mg protein
3 itk
3.1 AR BE T R S8 R A TR R A T 5

Tk B2 A IR A AR e — R b 2 52 i 3 ) ik
B, & HARE KA MM AE L (Wunder et al.
1977 ; McNab, 1983; 2005; Li and

Lovegrove ,
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Wang, 2007) . AS[Eh ¥ % 58 5 B8 A 16 A% & B AL
WA HEANE] (Wang et al. , 1999 ; Klingenspor et al. ,
2000; Peacock et al. , 2004 ; Zhao and Wang, 2006 ),
WIXF g Ly H B ( Microtus pinetorum) ( Derting and
Cranford, 1989 ) A1 A & H &R
brandtii) (Zhao and Wang, 2005) B HF5Y & L 5%
MO B HAARH S s MR E 2B ( Phodopus
campbelli) . BA2E EJE B ( Phodopus sungorus) H13%
VP (Sekeetamys calurus) T2 2=l 5 )6 BB A 52
W, (KM (Heldmaier et al. , 1989; Ebling,
1994 ; Mercer et al. , 1997 ; Mercer et al. ,2000; Klin—
genspor et al. , 2000; Mercer et al. , 2001 ; Rousseau
et al. , 2002) ., Zhao F1 Wang (2006) & ¥t & JiE
WX IRV B (Meriones unguiculatus) VRTE ¥EA
FRMA O R S0 X R S BRL A A IR e R
EAGR S B W2 T B, iR S BOLRE 235
Thim o ATREH FAEMGEA R AR B, &
Wit =, B AR A A TR AR R R 4 i RE O AR
( Wunder et al., 1977; McNab, 1983;
1986; Heldmaier et al. , 1989; Concannon et al. ,
2001 ; Bartness et al. , 2002; Lovegrove, 2005), H.
AR 1 i 3 AR AP X IR BT a8 ) A1 et B A S5 19 35
L (Refinetti et al. , 1996) .

B AR BRCE A B A i A R R, B AR R
5 37 Y AR B A A T s Y SR FR T, A
A FR IR MR ) TR TR R A | e AT B Bl
WX B R ER R, MERZ/N (An et al
2001) , PREAE IR AN DE IS 0L T, R
WaE AR AR R, R 4% T F 48 455 BB o T B A R T X b IX
PRBE Y IE
3.2 i R ARG AR S I e B

AR A B AT DUTEAS [W] R B2 | 385 5 Bk ARt
R Ay HATREAFFE A Al 2253 ( Tomasi and Hor-
ton, 1992; Genin and Perret, 2000) , H—YGHEH
XF A G H BRI YD BUEY RMR A B % m (F
F 45 20005 25 2% FF4E | 2003; Zhao and Wang,
2006) , 1A H B ( Microtus oeconomus ) W] §E 7F 8
WM& TFiH S H RMR BB 7 (Wang e al. |
1999) . Wang %6 (1999) X} & 7 B %2 ( Ochotona
curzoniae) (B 5 K& 8% BT H BMR % A B % %
m, AR AT RMR & 35 . R A Ot R
fE ) 3% A BSR40 B ( Tupaia belangeri)
RMR JHi, — & 09 b [RIVE R AT 2 — 20 1 a8 JHC 7™ 4
AEJ) (ZFIRTFAF, 1995; EBRAFE, 1999b), KR4%

( Lasiopodomys

Merritt,

BRX 1 HE R T B2 1% 85 N AR AR 55 0 28 b 57 AH 3T 1) Bl
T 3 W ( Clethrionomys rutilus) ( Feist and
Feist, 1986) —&, JL RMR AR 32t foJE 39 5%
W, P, ARHE Graland (2005) #WF5% & B, ¥ Fb
A E Al B2 5328 b A3 55 HGE B M R IR A E B OCHR ) HE
TR 38 B % 1 BR ORI B2 1) 385 17 ARy iE 7T R 5 3 SIS
(DRSPS

/N 7L 3h 2 A T ) A P R e A
JEREAR (RE R oK) S5 FRBE R 0 oF, Hgom
RMR U R 35 37 14 25 A 38 o G of I il 24 B A 3
[ (Couture and Hulbert, 1995; Klingenspor, 2003 ;
Lovegrove, 2003 ), Li 4 (2001) #3553 B4 3% E A
[F) A5 DX 18 /N B0 7L 3 ) A V% 9P BRI v 25 B IX
BUVERRAE . FREAC Ty By — e A dndA IS H BRI
J5 SR AE DG FRAVIR IR A9 P38 R, RMR A9 35 4 R
FTRAR (EMAESE, 1999; Zhang and Wang,
2006) [l — i DX 73 A3 B4 F 46 AR R A R D IR CRIIG IR
A3 T RMR B4 K kT RO (EBR S,
1999b) , RT3 I £ BEAIG T4k, AR 22/
HR 22K, Kok RIS W A% F i B0 BE il A Qi 3
BT R YR (EERAE, 1999a; T4,
2006) , PR HCHEIN DR 48 B TE 2 Y 0 Gk AR b T R A
7 2 R BE 17 RMR

RGEELHY RMR FIIF A5 Ve & e A5 R
BFRAL, 57O R BN B U] B LR (AR I R 2
MM R C A ARG Pt 25 AN, R I
FIb o TERER AR T FEAR RMR K38 55 A0 5C 7 #4
MR A RE D A R L N G I I =B ) ST S
fIfE (McNab, 1970) . "R EEAT S, (H
KGR oA T 4K e T R AR R, BTk e R D 47
e AT RE TR G, BT AR SR TR T 25 0
JEMR T rham i (£ ECRAE, 1999b) &0l LI B
o
3.3 ARBRLT RS € I 4H

NSTmax 7E/)NY I L 2 Y AP AR IR P38 | 2 &
TEARIR P AEFFRE ) | A T L (Carrey et al.
1979; Heldmaier et al. , 1990 ), BAT J& NSTmax HY
FH = M35 B (Foster and Frydman, 1978; Held—
maier and Bochberger, 1985) , FEA LRI
PRI BAT M= $aE PR3 (Lynch, 1970;
Klaus et al. , 1988; Kronfeld-Schor et al. , 2000; Li
et al. , 2001; Wang et al. , 2006), Lynch (1970)
TSGR IE RO R AT B 2 B ( Peromyscus leuco—
pus) NSTmax ¥4I, )5 7EVF ZWhih 3h ) b & 3
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28 &

ML 4, A IR W Bl ( Karakas and Gunduz,
2002; Zhao and Wang, 2005) % Bfi&E W55 A,
R IAN[R) Sl By g S IR R 3 M BE 1) SN AN [R] AT
St RS i K NSTmax 9 2K+, LR —
SR EmHBWZ S, WELE BB ( Heldmaier
et al. , 1981) , A K H F (Zhao and Wang, 2005)
5% ; Haim (1982, 1996) HF5E K VDU M X /)N AL I
FLEh Y)Y NSTmax A2 FE 2, G e F 8 7,
S R RGBS 5 TR 26 BE A1 B e 4R g 3
T LA BE N NSTmax 9 EE2A5S, HBE &R ER
ik, BAT = fg ) W & o, 76— & B Ll
NSTmax ¥4, DAt R FRHTAR IR 0

TER IR T, RO NSTmax il BAT 77 #4fE 1)
FWOAR, X R B R & N R R X
( Chaffee and Roberts, 1971 ; Himms, 1990 ; Gordon,
1993) , HHIAR L& m Trh gt iy (£ BR A,
1999b) . X —72 4k 5 K% RAEIRIR T 19 F4 88 71 F1
TR AR B, AT UL, I R R Ak R 7 AR
WEREEAEN, HIEpUEERE R T g

ZE BRI, RGN B W LU M DAY [ A 2R
(/A 19935 5KIRAHL, 1999), K B A48 sk
A PR i A AR v, B R A R 5 I U Al B Y A
fii T BT s SRS R AR T, AR A I B I T )
TRIEVS AR e 2 T B IR L M X A IR 22 A
K, MAFRZ/N (An et al. , 2001), HILEKIE
TR Ao AR X Ol S A A AN BURR T . 2 A2 R
FERsZ A, Kok B SR S Al AC I 2 T i JE Hb X Y
MR (EWAF, 2006) , {HAR IR DL T ™46
FIHAEFARH B (Foster and Frydman, 1978; Held-
maier and Bochberger, 1985; Wang et al. , 1999 );
P T BE IR T 2040 TR VE S b i i (&
BLEL A, 1999b), PRICHED , 3 il 35 AU n) B
e T L b DX /N Y 0 U B0 40 1 38 R AR AE

SE k.

An Z S, John E K, Warren L P, Stephen C P. 2001. Evolution of Asi-
an monsoons and phased uplift of the Himalaya Tibetan plateau since
Late Miocene times. Nature, 411 62 - 66.

Allen G M. 1940. The mammals of China and Mongolia. Pt. 2. New
York: Amer Mus Nat Hist, 804 -840.

Bartness T J, Demas G E, Song C K. 2002. Seasonal changes in adiposi-
ty: the roles of the photoperiod, melatonin and other hormones, and
sympathetic nervous system. FExperimental Biology and Medicine
(Maywood) , 227 363 -376.

Carrey C, Florant G L, Wunder B A, Horwitz B. 1979. Life in the Cold:

Mechamisms. Boulder: Westtview

Ecological, Physiological and

Press, 65 —178.

Chaline J, Brunet-Lecomte P, Montuire S, Viriot L, Courant F. 1999.
Anatomy of the arvicoline radiation ( Rodentia) : palaeogeographical ,
palaeoecological history and evolutionary data. Ann Zool Fennici, 36 :
239 -267.

Chaffee R R J, Roberts J C. 1971. Temperature acclimation in birds and
mammals. Annu Rev Physiol, 33 . 155 -202.

Concannon P, Levac K, Rawson R, Tennant B, Bensadoun A. 2001.
Seasonal changes in serum leptin, food intake, and body weight in
photoentrained woodchucks. Am J Physiol, 281. R951 - R959.

Couture P, Hulbert A J. 1995. Relationship between body mass, tissue
metabolic rate, and sodium pump activity in mammalian liver and kid—
ney. Am J Physiol, 268 : R641 — R650.

Derting D L, Cranford ] A. 1989. Influence of photoperiod on postnatal
growth, sexual development, and reproduction in a semifossorial mi—
crotine, Microtus pinetorum. Can J Zool, 67: 937 —941.

Ebling F J P. 1994. Photoperiodic differences during development in the
dwarf hamsters Phodopus sungorus and Phodopus campbelli. Gen Comp
Endocrinol, 95 . 475 —482.

Ellerman J R. 1941. The Families and Genera of Living Rodents. Vol.
II. Family Muridae. London: British Museum ( Natural History) .
Feist D D, Feist C F. 1986. Effect of cold, short day and melationin on
thermogenesis, body weight and reproductive organs in Alaskanred—

backed voles. J Comp Phyiol B, 156; 741 - 746.

Foster D O, Frydman M L. 1978. Nonshivering thermogenesis of the rat.
II. Measurements of blood flow with microsphere point to brown adi—
pose tissue as the dominant site of the calorigenesis induced by nom-
drenaline. Can J Physiol Pharmacol, 56. 110 —122.

Graland T J, Bennett A F, Rezende E L. 2005. Phylogenetie approaches
in comparative physiology. J Exp Biol, 208 ; 3015 -3035.

Genin F, Perret M, 2000. Photoperiod-induced changes in energy balance
in gray mouse lemurs. Physiol Behav, 71 : 315 -321.

Gordon C J. 1993. Temperature Regulation in Laboratory Rodents.
Cambridge: Cambridge University Press, 1 -276.

Gottreich A, Hammel I, Yogev L, Terkel J. 2000. Effect of photoperiod
variation on testes and accessory sex organs in the male blind mole rat
Spalax ehrenbergi. Life Sci, 67 : 521 - 529.

Gorecki A. 1975.

Kalabukhov-Skvortsov respirometer and resting meta—

bolic rate measurement. In: Grodzifiski W ed. International Biologi—

cal Programme Handbook 24. Methods for Ecological Bioenergetics.
Oxford; Blackwell Scientific, 309 - 313.

Haim A. 1982. Effects of long scotophase and cold acclimation on heat
production in two diumal rodent. Journal of Comparative physiology
148. 77 -81.

Haim A, Fourie F R. 1980. Heat production in cold and long scotophase
acclimated and winter acclimatized rodents. International Journal Bio—
meteorology, 24: 231 —236.

Haim A. 1996. Food and energy intake, non-shivering thermogenesis and
daily thythm of body temperature in the bushy-tailed gerbil Sekeetamys
calurus ; the role of photoperiod manipulations. J Therm Biol, 21 37
-42.

Seasonal control of ther-

Heldmaier G, Steinlechner S, Rafael J. 1981.



4 4 XA JHE S« O BRI B2 08 48 B AV AE F) 52 1) 415

mogenesis by photoperiod and ambient temperature in the Djungarian
hamster, Phodopus sungorus. Acta Univ Carolinae-Biologica, 1979 :
323 -326.

Heldmaier G, Bochberger A. 1985. Sources of beat during nonshivering
thermogenesis in Djungarian hamsters: a dominant role of brown adi-
pose tissue during cold acclimation. Journal of Comparative Physiolo—
gy, 156 237 -245.

Heldmaier G, Klaus S, Wiesenberg R. 1990. Seasonal adaptation of the—
moregulatory heat production in small mammals. In: Bligh J, Voigt K
eds. Thermoreceptor and Temperature Regulation. Berlin Springer
Press, 235 -243.

Heldmaier G, Steinlechner S, Rafeal J, Latteier B. 1989. Photoperiod
and thermoregulation in vertebrates: body temperature rthythm and
thermogenesis acclimation. J Comp Physiol B, 149 : 1 -9.

Heldmaier G, Steinlechner S, Rafeal J, Vaiansky P. 1981. Photoperiod
control and effects of melatonin on nonshivering themogenesis and
brown adipose tissue. Science, 212: 917 -919.

Himms H J. 1990. Brown adipose tissue thermogenesis: role in thermo—
genesis, energy regulation and obesity. In: Schonbaum E, Lomax P
eds. Physiology and Biochemistry. Pergamon Press Inc, USA. 327 -
414.

Himms H J. 1989. Brown adipose tissue thermogenesis and obesity. Pro—
gress in Lipid Research, 28: 67 —15.

Karakas A, Gunduz B. 2002. Effect of different photoperiods on gonadal
maintenance and development in Mongolian gerbils ( Meriones unguic—
ulatus) . Zool Sci, 19: 233 —239.

Klaus S, Heldmaier G, Ricquier D. 1988. Seasonal acclimation of

bank voles and wood mice: nonshivering thermogenesis and thermo-—

genic properties of brown adipose tissue mitochondria. Journal of
Comparative Physiology B, 158 157 —164.

Klingenspor M. 2003. Cold-induced recruitment of brown adipose tissue
thermogenesis. Exp Physiol, 88 . 41 - 148.

Klingenspor M, Niggemann H, Heldmaier G. 2000. Modulation of leptin
sensitivity by short photoperiod acclimation in the Djungarian hamster,
Phodopus sungorus. J Comp Physiol B , 170 : 37 —43.

KronfeldSchor N, Zhao J, Silvia B A, Mathews P T, Zimmerman S,
Widmaier E P, Kunz T H. 2000. Steroids-dependent up—egulation of
adipose leptin secretion in vitro during pregnancy in mice. Biology of
Reproduction, 63: 274 - 280.

Li QF, Huang C X, Liu X T. 1995. Effects of photoperiod and tempera—
ture on thermogenesis in Brandt’ s voles ( Microtus brandti ). Acta
Zool Sin, 41 (4):362 -369. (in Chinese)

Li QF, Sun R Y, Huang C X, Wang Z K, Liu X T, Hou JJ, LiuJ S,
Cai L Q, Li N, Zhang S Z, Wang Y. 2001. Cold adaptive thermo-
genesis in small mammals from different geographical zones of China.
Comp Biochem Physiol, 129A : 949 - 961.

Li X S, Wang D H. 2005. Seasonal adjustments in body mass and ther—
mogenesis in Mongolian gerbils (Meriones unguiculatus) : the roles of
short photoperiod and cold. J Comp Physiol B, 175: 593 - 600.

Li X S, Wang D H. 2007. Photoperiod and temperature can regulate body
mass, serum leptin concentration, and uncoupling protein 1 in

Brandt’ s voles ( Lasiopodomys brandtii) and Mongolian gerbils ( Meri-

ones unguiculatus ) .

(3): 326 -334.

Physiological and Biochemical Zoology, 80

Li X S, Wang D H, Yang J C. 2003. Effect of photoperiod on body
weight and energy metabolism Brandt’s voles ( Microtus brandti) and
Mongolian gerbils (Meriones unguiculatus) . Acta Theriologica Sinica
23 (4): 304 - 311. (in Chinese)

Liu S Y, Liu Y. 2005. Summary of systematic study on Eothenomys. Si—
chuan Journal of Zoology, 24 (1) :98 - 103. (in Chinese)

Lovegrove B G. 2003. The influence of climate on the basal metabolic rate
of small mammals: a slowHast metabolic continuum. J Comp Physiol
B,173. 87 -112.

Lovegrove B G. 2005. Seasonal thermoregulatory responses in mammals.
Journal of Comparative Physiology B, 175 231 - 247.

Luo J, Yang D G, Suzuki H, Wang Y X, Chen W J, Campbell K L,
Zhang Y P. 2004. Molecular phylogeny and biogeography of Oriental
voles : genus Eothenomys ( Muridar, Mammalia). Molecular Phyloge-
netics and Evolution, 33 : 349 -362.

Lynch G R. 1970. Effect of photoperiod and cold acclimation of nonshiv—
ering thermogenesis. American Zoologist, 10. 308.

Ma Y, Jiang J Q. 1996. The reinstatement of the status of Genus Caryo—
mys ( Thomads, 1911) (Rodentia: Microtinae). Acta Zootaxonomi-
ca Sinica, 21 (4): 493 —496 (in Chinese)

McNab B K. 1970. Body weight and the energetics of temperature regula—
tion. J Biol, 53: 329 —348.

McNab B K. 1983. Energetics, body size and the limits to endotherms. J
Zool Lond, 199. 1 -29.

Mercer J] G, Lawrence C B, Moar K M, Atkinson T, Barrett P. 1997.
Short-day weight loss and effect of food deprivation on hypothalamic
NPY and CRF mRNA in Djungarian hamsters. American Journal of
Physiology, 273. R768 - R776.

Mercer ] G, Moar K M, Ross A W, Hoggard N, Morgan P J. 2000. Pho-
toperiod regulates arcuate nucleus POMC, AGRP, and leptin receptor
mRNA in Siberian hamster hypothalamus. American Journal of Physi—
ology, 278. R271 - R281.

Mercer ] G, MoarK M, Logie T J, Findlay P A, Adam C L, Morgan P J.
2001. Seasonally-inappropriate body weight induced by food restric—
tion: effect on hypothalamic gene expression in male Siberian ham-
sters. Endocrinology, 142 4173 - 4181.

Merritt J. 1986. Winter survival adaptations of the short-ailed shrew
(Blarina brevicauda) in an Appalachian montane forest. J Mammal,
67 : 450 -464.

Peacock W L, Kr 1l E, Moar K M, McLaren J S, Mercer J] G, Speakman
J R. 2004. Photoperiodic effects on body mass, energy balance and
hypothalamic gene expression in the bank vole. Journal of Experimen—
tal Biology, 207 . 165 -177.

Refinetti R. 1996. Comparison of the body temperature rhythms of diurnal
and nocturnal rodents. J Exp Zool, 275. 67 -70.

Rousseau K, Atcha Z, Cagampang F R, Le Rouzic P, Stirland J A,
Ivanov T R, Ebling F J, Klingenspor M, Loudon A S. 2002. Photo-
periodic regulation of leptin resistance in the seasonally breeding Sibe—
rian hamster ( Phodopus sungorus). Endocrinology, 143 . 3083 -
3095.



416 ok

28 &

Sharon A J, Barker F K, Lawrence R H. 2006. The pattem and timing of
diversification of Philippine endemic rodents: evidence from mitochon-
drial and nuclear gene sequences. Syst Biol, 55 (1) .73 -88.

Thomas G, Marieka T, Sophie S, Pascale C, Emmanuel P, Emmanuel J
D. 2006. The evolutionary radiation of Arvicolinae rodents (voles and
lemmings ) : relative contribution of nuclear and mitochondrial DNA
phtlogenies. BMC Evolutionary Biology, 6: 80.

Tomasi T E, Horton T H. 1992. Mammalian Energetics : Interdisciplinary
Views of Metzbolism and Reproduction. Comstock Publishing Associ-
ats. Ithaca and London, 1 —276.

Wang Y, Huang C X, Li Q F. 2000. The effects of short photoperiod on
thermogenesis in Mongolian gerbil ( Meriones unguiculatus). Journal

(in Chinese)

Wang Z K, Liu L, Liang Z Q, Li Q F, Sun R Y. 1999a.

of Beijing Normal University, 36 (2): 256 —259.

Thermogenic
characteristics and body temperature regulation in the Oriental voles
( Eothenomys miletus ). Acta Theriologica Sinica, 19 (4). 276 -
286. (in Chinese)

Wang Z K, LiQ F, Sun RY, Liu L. 1999b. Effects of photoperiod and
trmperature on thermogenesis in the tree shrew ( Tupaia belangeri) .
Acta Zoologica Sinica, 45 (3): 287 =293. (in Chinese)

Wang D H, Sun R Y, Wang Z W. 1999. Effects of photoperiod and tem—

perature on brown adipose tissue thermogenic properties in plateau pi-

ka. Zoological Research, 20 (5): 347 -351. (in Chinese)

Wang D H, Sun R Y, Wang Z W, Liu J S. 1999. Effects of temperature
and photoperiod on thermogenesis in plateau pikas ( Ochotona curzoni-
ae) and root vole ( Microtus oeconomaus) . J Com Physiol B, 169 77
-83.

Wang H, Yang X M, Liu C Y, Wang Z K. 2006. Thermoregulatory and
thermogenic properties in Eothenomys miletus and Apodemus chevrieri.

(in Chinese)

Wunder B A, Dobkin D S, Gettinger R D. 1977. Shifts in thermogenesis

Acta Theriologica Sinica, 26 (2): 144 —151.

in the prairie vole (Microtus ochrogaster). Oecologia, 29 : 11 —26.
Zegers D A, Merritt J F. 1988 , Effect of photoperiod and ambient temper—
ature on nonshivering thermogenesis of Peromyscus maniculatus. Acta
Theriologica, 33 : 273 -281.
Zhang X Y, Wang D H. 2006. Energy metabolism, thermogenesis and
body mass regulation in Brandt’ s voles ( Lasiopodomys brandtii) dur—

ing cold acclimation and rewarming. Hormones and Behavior, 50: 61

-69.
Zhao Z J, Wang D H. 2005. Short photoperiod enhances thermogenic ca-
pacity in Brandt’s voles. Physiology and Behavior, 85: 143 - 149
Zhao 7 ), Wang D H. 2006. Effects of photoperiod on energy budgets and
thermogenesis in Mongolian gerbils ( Meriones unguiculatus) . Journal

of Thermal Biology, 31: 323 -331.

Zhu W L, Jia T, Lian X, Wang Z K. 2008. Evaporative water loss and
body temperature regulation in Eothenomys miletus and Apodemus chev—
rieri. Acta Theriologica Sinica, 28 (1): 112 -=119. (in Chinese)

o %, 1996. 4 FFJE Caryomys (Thomads, 1911) Hi {7 iy &
2 O(WisH. CRBL. HECER). s e, 21 (4).
493 - 496.

ERFE. 2003, PE R S F AT R K A S AR A LR,
o MO AR A

F e IMEVR, FAHLE. 1999, ot B8 AR & X w5 R 18 s T
AL R R R AE RS WL B e ESE, 20 (5) . 347 -
351.

EBCER, XU, BFW, EPROY, IMETK. 1999a. KRR B IE A
PEPERAE. R, 19 (4): 276 -286.

FER, PRI, IME TR, XUBE. 1999b. St B AR G 46 R
ARG I . S AR, 45 (3) . 287 -293.

TS, FERVE, ZEPETE. 2000,  JEOGIE XHE T B A . bt
IS K2Rk (A RB2AAR) , 36 (2): 256 -259.

FME, e, XIFEME, FEIR. 2006, Ko B LR A AR

PR ARRAE. B2, 26 (2): 144 - 151.
XD XIPE. 2005, S RURS FAF SRS, WU s, 24 (1) 98

-103.

RIT e, SR, 4R, FECE. 2008. BT AN T Sh B %
RIOK GHOEIRT . B2, 28 (1) 112 -119.

e 1993, IS 4 X ES U2 W5 B ik AL dEET: B RAL

ZEPRIY, RV, R/NELL 1995, o JE R IR BE XA G B BUT BV B
WL SR, 41 (4): 362 -369.

AT AR R AL 2003, S A I 6 A EC IR RGO v B IR R
ANAE A A . B 2R, 23 (4): 304 - 311,

BEEH, BRI, W, 2000, TEZIYE. BN BB, WIEE T
B, B demt. BRAEHAR AL

. 1999, HE shyy . dbnt . BReE AR



