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Influence of Temperature on the Energy Metabolism and
Open Field Behavior of Cricetulus barabensis
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Abstract: Seasonal changes in physiology and behavior are an adaptive strategy for survival and reproduction in
small rodents experiencing marked seasonal fluctuation in environmental temperatures, which is also thought to
be an important factor driving rodents’ seasonal breeding and population fluctuation. The present study is to test
the hypothesis whether ambient temperature is a cue to induce adjustments in body mass, energy metabolism
and behaviors in rodents. Here, we measured body mass, daily intake, resting metabolic rate (RMR) and
open field behavior under different ambient temperature (5.3 £2.0°C, 14.7 £2.0°C and 28.4 £2.0°C) in
wild male striped hamsters ( Cricetulus barabensis). Differences in body mass and open field index ( total
transition, rearing, duration in central area, fecal particles) among low, medium and high temperature groups

were examined by one-way ANOVA | followed by least significant difference (LSD) post hoc tests. Comparisons
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of body mass before and after treatment were analyzed using paired-samples i-test. Effects of temperature on
daily intake and RMR were examined using analysis of covariance (ANCOVA) with body mass as a covariate.
The results showed that; ) Low temperature and medium temperature significantly increased body mass from
27.059 +0.217 g to 28.056 £0. 184 g (¢, = -6.291, P <0.05) and 26.292 +0.339 g t0 27. 113 +0.341 g
(t,, = —8.027, P <0.05), respectively, while high temperature had no significant effect (¢, =1.796,
P >0.05). @ Temperature treatment had a significant effect on daily intake and RMR. Daily intake in low,
medium and high temperature group was 3. 122 +0. 094 g, 2. 447 +0. 087 g and 1. 948 £0. 090 g, respectively,
and difference between groups was significant ( F, 5, =36.576, P <0.001). RMR was 4. 104 = 0.086 ml/
(g-h),3.638+0.079 ml/(g - h) and 3.006 +£0.082 ml/(g + h), respectively. RMR was significantly
increased in low temperature group (F,;, =39.233, P <0.001). (3 Different temperature caused a different
effect on the open field behavior of striped hamsters. Total transition of low, medium and high temperature
group was 158 +6, 187 +5 and 103 £ 3 respectively, total transition in medium group was significant increased
compared to high and low temperature group. Rearing was 78 +4, 91 £5 and 97 £ 5 respectively, rearing in
low temperature group was also extremely significant decreased compared to medium and high group (F, ,, =
4.233, P <0.05). While the difference of duration in central area and fecal between the groups were not
significant. Moreover, striped hamsters in low temperature had obvious shaking behavior. Together, these data
support our hypothesis that ambient temperature is a cue to induce adjustments in body mass, energy
metabolism and behavior in hamsters. Low temperature increased energy intake and energy expenditure which
sustains the basic growth in striped hamsters. Meanwhile, spontaneous activity and exploring behavior in
unfamiliar environment reduce in low temperature, thus reduce energy consumption and heat loss. On the
contrary, the striped hamsters reduce the energy intake and expenditure in high temperature, which decrease
the cost of thermoregulation. The spontaneous activity and exploring behavior also reduce, which may reduce
the heat generated by the muscle contraction. These energy metabolism and behavior properties benefit to the
survival of hamsters in cold winters and hot, dry summer, also it is consistent with the seasonal breeding of
hamsters. So, these properties in striped hamsters may closely relate to their living habits, characterized by a
cold winter and hot, dry summer.

Key words: Striped hamster ( Cricetulus barabensis) ; Temperature; Daily intake; Resting metabolism rate;
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775 M AR A BRI TR AT b X Bl Wk 2R
AR A AR M B3 NP SO, 2 B X A A AR B
(R 07 SR, AR A AT H5 B A AR BRIAT O 4
Z 751 (Zhu et al. 2012) , ¥R35E 2K 7L 96 19 )
Pruy A= BANAT O rhole A (Zhang et al.
2006 ) , ik BE S 5 0 W) Tl oy A ) OB 2 —
T B X 20 W 1) 52 e o AR IR AE R 2 AR RIAT O
FZ2Jrm, WL HAEIREE - ERE FkE T
R E B PIRD 3 A (B B R 55 2005) o A OGBS
W KCH) 3 Y R & 1K (Ebling et al.
2008, Taylor et al. 2013) . fig & 1 #f ( Chen et
al. 2012, Gangwisch 2013 ). 47 & ( Yaskin

2011) . % 9% ( Kusumoto et al. 2007 ) 4 £ 4~ J7
Mo Hean, XF4m K M B ( Lasiopodomys brandtii)
BIREFEUESE , PRI IR = 7 5 A A R A
(9 22 N &K (Zhang et al. 2006) . B4 G K
( Cricetulus barabensis) I RIELA T T E
F, HHh P XA 2 & ZE 98 T - 2 (Zhao et al.
2010b) , X6 54 FRARAE 5 HIE VR 19 & 3=
THROEFEEAL, BELOCHRELFTALS
A8 1 1R 85 2R ( resting metabolism rate, RMR)
M AE 8B M = B8 J1 ( nonshivering
thermogenesis, NST) , Ji1 |- o J& 7 £ J% 60 4>
PR R, AT 8 FG X 2 4 e T R R A 1Y 3
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W ( Zhao et al. 2010a) .
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S AR A Y 2R (R E W4 2002) , K
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22 AT LA o 114 78 S5 O fig B ( MeNab 1992)
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TR & 5 00T B, BAEAS TR B A58 b A7 78 4 b
] i 22 5. B W, & o W Bl ( Apodemus
chevrieri)  ZF A H g i/, & FHRERME, %%
BMR T Rk BE A B8 B 5 A 38 in  NST F0 g 1
%% [ 1 (uncoupling proteins 1, UCP1) #4111 A&
Ji A AU D, U B AN AR 498 o i i A 35
S 18 S 4 0 P 7 AR CRE D ok I X ¥ R K
(Zhu et al. 2012), 2k & & Bl ( Phodopus
sungorus ) W ERK 2= R B BE & R AR5
)T B ( Braulke et al. 2010) . h¥i7 H =&
BT PR B AN A BRI BE A N, AT N AT I 2 i
A SR, AN R R R AR Y (2 - IR
FESF 2007) o FFI S50 AT LLVEAN S 55 3h W AE H
WA TN KR NS ERE,
Y A= BT RE SR AT 2 R
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1991, A AR 45 2001) . FERHAESRGE D,
B RBEA MR, a5, (e
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ZE R M DX b A B B BBE ) (Song
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2007) MERL G R H B, DIE iR
FEATKF- o RMR A LA Bz e sl ) fig i 5 1 B0
(Zhao 2011) , DL /)N I 45 5 44 o 6 40 22 THEK
[ml/(g - h) ], FEA R R R B X
TR 3 A, JK IR (23 = 1) C 451 0 it =
U BE AR PR D, I 5E B ] AR 9:00 ~ 12:00
W, DL RS a2, BAR 7 2 2 IR
G35 (2003) 47

1.4 FFTAWNE S EL4ERSE(2011)
TEMAT. JF L H A 50 em x 50 em X
40 em ) FAAFE , IER EAT Y 16 /N IETS
B, o3 T O BE fY A0 R A (12 /N5 kg ), HoAy
R A (4 ADS/NIETTHR ), IE B R
RY . AT AL SR ] FE 20:00 ~22:00 B,
LA, AR AL B 5 e Lt i %
/N 20 min PR AT % B0 (3 R E #E A5
FH, KB S A8 ) S B LR B (AL A
TPk B RN 25 IR, T HAS S8 ) (TR Ak
15 BA Y S TA) 2 UKL B, TR s 2
BRI AR 25045 5 16 i e IO vk B2
ORI, A5 P R 1, i F AT
R SZ e HC Al 3 W Y ST A5 OR . MU R &
IWatcher ™ 5 P4 1N T 50 BT AT 58 3T o

L5 S Bl b ORI R 7 2253
Br (one-way ANOVA) Hl LSD 2 T L &% 1-46 55 5
25 2H A T Ak B JS A TR A LU R X R A
-RE U o R R A 25 S 0 S, DR T AR B
A, X H B A RMR BEA7 0 R R W 5 2243
Fr (one-way ANCOVA) . B4 4t it 73 #r £ B
SPSS18. 0 4¢3+ 144 56 i, Hidhs 1E 25 M Ay
22554 %9 51 . Kolmogorov-Smirnov il Levene 6
Bro SCAEUE LAFBIME + A3 #E 1R (Mean £ SE)

T, P <0.05 Wik B A SKIT ¥ E R,
P<0.01 £/REFW I,

2 4 7

2.1 RESHENGHHENL ML IR
LR EMNRZIEILE o BRI SR
W1, TR A B S AR A TN Ab
WA A Sh R ETE 25 5, AL S 3 43h Yy
REM T RFEESR, MEBAREREST
HAWP (F, 5, =4.898, P <0.05) ., X AL
BRI 5 SR A BC X AEAS A 50 B, IR
A Ab PR R T R R (e, = -

6.291, P <0.05; t,, = —8.027, P <0.05), i
e i Ak B Bl AR T R OSB3 (¢, = 1,796,
P>0.05),

U TR BE AL IR X B AR R AR T RS
W, A BRAR T 22 S S g A5 R s, LU
FAED A &, X H & 8RR % (RMR)
PR EAT B R U I 22 00T (R 2) o 45
HEW IR ER RS 27.32 ¢ J5, AP H
A RMR B0 4 (8] i 8 2 5% (H
frig: F,,, =36.576, P <0.001; RMR: F, ,, =
39.233, P<0.001), X fl 22 5 K58 4 &
PR T 25 S Y o 2 AT L, B A AL BRI R
BN RE, BECRMIAE  H & &M RMR 3
IR S 2 b 2
2.2 FHITANTA REAENBLCR
TEGAT N S 25 5 L3 3

T B A HE X B 6 RO 94T o 45 S 8
AT AR . BR LR Br BTG AT A% BUAF 78 1k
ERHME 2SS (F,, = 80.334, P<0.01), %
PR > R > m iR B O RS

1 BRELEVNEBLZEREGENIZMN

Table 1 Effect of temperature treat on body mass of Cricetulus barabensis
i H [ R 2 [=RE P
[tem Low temperature Medium temperature High temperature P value
QPR T Pre body mass (g) 27.059 +0.217° 26.292 +0.339° 27.008 0. 397" 0.193
Kb PR SR T After body mass (g) 28.056 +0. 184" 27.113 £0.341°¢ 26.792 0. 338 0.014

S IHCA AR EAR T REH RO REEZ R (R, P <0.05),

Means sharing the different superscript letters indicate a significant difference (i-test, P <0.05).
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Table 2 Effect of temperature treat on daily intake and resting metabolism rate of Cricetulus barabensis

i H I iR 41 R AL T T AL P g
[tem Low temperature Medium temperature High temperature P value
H £ it Daily intake (g) 3.122 +0.094* 2.447 £0.087"° 1.948 +0.090° 0. 000
iR [ ml/ (g - | i
B LA [l (g - b)) 4.104 £0. 086" 3.638 £0. 079" 3.006 0. 082¢ 0. 000

Resting metabolism rate

BAT BB AN AR B RN B2 5 (R, P <0.05), FARKE FRFRRESFHBE(P<0.01), FHRAEN

27.32 ¢,

Within each row, means sharing the different superscript letters indicate a significant difference (i-test, P <0.05). Values with

different capital letter superscripts means extremely significant difference (P <0.01). The adjusted body mass is 27. 32 g.

®3 BELENEBELZECRABTANZIN
Table 3 Effect of temperature treat on open field behavior of Cricetulus barabensis
it H IR IR SRR 7 i 20 P1H
[tem Low temperature Medium temperature High temperature P value
”@ﬂgﬁ, 158 +6* 187 =5° 103 £3°¢ 0. 000
Total transition
S e
)ﬁ}]ﬁj;‘j%(}\?ﬁ( 78 £4*° 91 +5"° 97 +5° 0.023
Rearing
(52 B st [
‘LP%%LEH 1 27 +3 35 +3 33 £3 0.256
Duration in central area (s)
2 A T e R
SRR 6+2 8 +4 643 0.339
Fecal particles
—
‘EJ‘,H 1 YES % NO % NO
Shiver

BT PR A E b 0 R B B2 5 (R, P <0.05), FAR/NG F IR 25 B 5 (P <0.05), Lhi kG 51

RRESFMEFE (P <0.01),

Within each row, means sharing the different superscript letters indicate a significant difference (-test, P <0.05). Values with

different lowercase superscripts means significant difference ( P < 0.05), while different capital letter superscripts means extremely

significant difference (P <0.01).

il 37 OB B IR IR 4 AT P R A RN
H(F, 5, =4.233, P <0.05); rfJuig {5 & uf [
BARMCIRA > Sl > hiRd, A2 RRAR
HEMEKFV(F, 5 =1.419, P >0.05) ; FEfE WOk
K G e 25 5 (F,,, =1. 118, P >0.05), 5t
IR W2 BG4 B2 6 WA W 5 B
W%,

3 9 i

X R B R MR s, (IR A AR
BEERTIN, PR AR E RSN IR BT, T
IR E A TR, RN R T X
SR ( Meriones unguiculatus) N A (& M B A9 BF 58
(Lieal. 2005, k&304 2007 ) o R 1 KRRl E]

ARG REAEAE 22 5 2 A0, X KR BURNA [G
R id & TR MBI Ak, XS A
B4 Ah IR B Ak T A ) AT 22 S,k 2B IR 3R AT
A AT RERE W Bh i B R A AL . KT Ak B SR 2K
R B3 M N, X5 — /NG i Bl
W4 Z R BRI OF R 45 FRIF AR —5, Hd
FEFEFRNMIZEBYHRE, EARKET, 3
Y& BB YR — B2 = 1 (Huitu et al.
2003, Korslund et al. 2006, XI|{%E 2009), K
TR, bR TR A, S R E
it B R PN 1 i I of 2 AR R SR O 2 R A L 1
FE, AR T A B, R AR AR R
TREMREREM, MELKBAET, HTFEY
WA, B O T L H A sk
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T 2 AV L T i A R B, LA AR R T
Oy AR, PR E R S5 A ) B Y 2B
WLER AL K B, AR 41 BA 2k BB T B 7 5 Ho At
WiZH B i 22, o m] DLERIE 4518 .

H & ARG A KT, MR
SR R RN R i T R G 0, BRI
Higm T RKL, PRARZ, miRA6EET
SRAHX D o (EAS R, A B S8 R 1 2
Lo HEEERUANIIEE D, KRR
KPR B AT, A AR50 i feff D %) 1ok Ay
b 2 A BURARE (A 18 k)/g) A TR T DL AE F
G %) BAT 45 )R (A B 5 1989)

RMR iz il 2 ¥ fig 15 32 15 00 o IR IR 28
i 2 R 2R 6 Bl RMR 4351 hy (4. 139 £0. 067 )
ml/(g - h)F(2.980 £0.072)ml/(g - h), 5
5T H X4 22[3.89 £0. 13 ml/(g - h) | F1E %
[2.58 £0.07 ml/(g - h) ] L4 BN R
FH 3T (Zhao et al. 2010b) . B2 G RMR £
AR AL > 4l > SR ER, X506
(BT 5 45 SR AH oL (4 W] 45 2009 ) o A% IR 21 5 AR
WK A R T 4 R AR R DE 2R A T BE, iR 4
R R A A AR AR A ST 18 T 4 R AR Y
sk, HAamaeaE T HFAK kTSR P
RIS T A7, & FALIE M RMR 3 n
() JE R 2 75 55 48 €6 1 7 20 0 I 2R AR 4 il £ 3R
AL IS M 2R i (AR A 1996) A R,
WA — LRSI . 53 Ah, ASBIE ST A AN )
I BE B ) RMR G2 I T # SCHR$2 i /) BMR 5
W (T,) By W E 7 # BMR[ml/(g - h) ] =
9.60 -0.22 T,(°C) (MpZh#s% 2003) 1y it &
B, JoHORAE R B A b X, R E A BE S
B ) B oy A T B AR AR A OGS

5 55— MR ST R AT A
RGN GRRIT L . CATHE E B T 3
W) is shAT R %A, I AL PR R AR 6 R
EAT A% BO™ A 2 P A R 25 5, = iR 4L e AT
MR E AT AL A, A B AT RS
G ARIR A TCAT A BRI T iR 4, B
IR BB A B — M AE 10 ~ 15 min Py i BB
WEEL, $EREY) At AN, HE

P PR DLHRAR AR IR KRS o J5 B0k 57 i B
R B W0t BA A= PR 0 35 1 Be 70, AR A
R E N RE AR, XS RLCHAFTHYT
BB VBB AR AH — B P S A A5 B I TE] 2
B2 [N RTBE T i S e, ) S5 A 0RE £
PER S W) B AR, X P IS A 2 R C  #
PE2E 5, $O I BE AL BT B0 M 2 [R] I R BE ) Al
BRBER AR, shYA S 7E— R LT
AL, el AR 4 2R R0 R B B 5 A R i ot
i v RE 6 M B AT ] REXT B BT AR 4 R
M4 (Lima et al. 1999) o TP 525 45 R AE—
EREE UL, R BUTE | im 2 58 A n
FE R IBOAS [ 14 1o % SR W, BG4 A i 3 B8 I
(JCHRAE A AR ) A &0 sh IR R AT
SRR B, LARG I AE AN F BR 5 v AR A T RE

DL B A58 45 0 SCRe PR B8 TR RE S = B A
BB A S AT e Al v R A A AR B
PR AR B2 B . SR
BV LR L E S I A e
i, X S W AR A Y B R AR R T RE AR
A AL TR ST TC A AR G R0 S B W Bl ) A
AE 71 A9 HE 2L [A - (Karasov 1986) o F AR EHEAT
TR L6 R IE BEAE 5 B B $5ACKH 17 1 AR 3 S
X B R R UE, Sh ] g2 R IBUAN TR
14 RE 2 45 A RT3 TBC A0 SRS o 0 HC I /N AU I 3L 5l
Y, i TRE R R, 2 S e SO, BT
HEg s K sUE 2w W, OHREY, s
B A TR B B IR BE B 2 O T A
R RE I 6 S TH AR I RE B T T 4R A A s 3
[ fig Bt LA S T AR LR i R i, 5 R X
I CREEA W KA R E SR, LIRS
X HAl 78 53 1) i e B BE 9 BT R B Y
254k (Chen et al. 2008) . TEMLIE ST RMR
Bm, oAU EmmErERE, HIA
ST R AR, ) T A T Y RE
SCH L Z D o BESEEE R R I, IR W] s 4
LR BUAY BE i 5 A K FIAEfp B AR AR 1 A0 fiE
L SR | a3 A I G ) (A
WER AR i B RIS S SR EAT N, Bl

= N
dﬁi—?g/

IE
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R 8/ BE i T AR AN ARG o el )l 2D BRLEG
CRM A LGS SRR N, BERILA ™ #,
[Fi) B 3% A1 F8 2k 1) B8 AR SZ 7K, DT B A
MEET), WM, XEERY Chen 5
(2008) BT TR HEALST &, RS IERFTH T
A KA AR B Y e B SR AN . WESE 4G 2Rk
BoR, M RIRA T E , AR X R LG B A
#OBE RN AT D T, X5 AR
FUT, BRORAFEREKEF LM, 5
B, A ZE B AR A 5T A R AR W) A OISR 45
1991, Wang et al. 2003) , [Att, X 26 gE 84
HANAT AL AT AR RO B FER & T T
PRIT 2 A PR B A8 o

Hj, A RERITFIER, 2R A2
I JIT 15 R 1) il 38 - v AR ARG sy K AUME & ) B A Bl
Y& £ T J5 1 52 W ( Hersteinsson et al. 1992,
Forchhamer et al. 1998, Sparks et al. 2002)
LA AW ARERI AL . — L8575 AR 25 n) BB A
Wr S BEAEANTHRT, Han B 6 BUR & 23 26
JE /R R ) M X AR B R 3
BRG KA HMFEHE RSB 5
G, R, HE— AT IR B 5 e R 2k O BB
FR T A AL TR, S At T R 2 LR 3 S
AL, RITHIE N R A R R A i ok
F, W SRR Z—
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