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Abstract: [Objectives] To deal with the challenges of the low temperatures and food shortage in winter,
animals have evolved different energy strategies such as migration, molting, hoarding, fat storage and torpor,

but there may be individual differences and trade-offs among strategies. Some researchers have suggested that
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—EMIEMNAE ST (Ushakovaet a. 2012). THi#L
) A AT R R B R

201>, 5 RAMAZIYIHALL, NI
THARBN . HXERIABOR, AR
hER SR, REFEEZRRERLE  IEROVH T KB RAF BEE (Humphrieset al.

there may be trade-offs among energetic strategies such as hoarding and torpor, etc., in Phodopus sungorus.
Here we explored whether there are trade-offs among various energy strategies and analyzed the causes of
individual differencesin energy strategies responding to low temperature and food shortage. [M ethods] Under
low temperature and short light (10 £ 2 °C, light : dark (L : D) = 8 : 16), and ad libitum feeding or food
restriction, we used TSE Lab Master system, food hoarding device and Vital View system (by G2 E-Mitter) to
detect the basal metabolic rate, food intake, hoarding, core body temperature and activity of P. sungorus.
Repeated-measure ANOVA, independent-sample t-test, paired-sample t-test, Fisher's exact test and Pearson
correlation analysis were used to analyze differences of P. sungorus in body weight, food intake, hoarding,
total intake, basal metabolic rate, core body temperature and activity. [Results] Under the conditions of low
temperature and short light (ad libitum feeding), there was no gender difference in food intake (Table 1 and 2).
The average body weight of males was larger than that of females (Table 1 and 2), and the core body
temperature and activity of males were lower than those of females (Table 2). Some individuals expressed
torpor at 40% food restriction (10+ 2 C,L : D =8 16). The activity of torpor individuals was higher than
that of non-torpor individuals at ad-libitum-feeding stage (Fig. 4) but not food-restriction stages (Fig. 3c, d),
that is, individuals with higher activity levels at ad-libitum-feeding stage were more likely to express torpor.
Minimum core body temperature of torpor group was higher than non-torpor group, but tthere was no
significant differencein average core body temperature at any stage (Fig. 3a, b, Table 3). There was no
difference in basal metabolic rate between torpor and non-torpor individuals (Table 3). However, basa
metabolic rate was negatively correlated with torpor frequency, and activity at ad-libitum-feeding stage was
negatively correlated with torpor duration of torpor individuals (Fig. 1c, d, €). In the non-torpor individuals,
the activity level increased significantly after dietary restriction (Table 5). In contrary to predictions, whether
individuals ever hoarded food, hoarding size, or total food intake (including hoarding) did not significantly
correlate with torpor. [Conclusion] Trade-offs among different energy strategies were not found between
hoarding and torpor, but were found between basal metabolic rate or activity and torpor. That is, non-torpor
individuals tend to decrease activity and save energy. Moreover, torpor individuals with higher basal
metabolic rate, and those with higher activity at ad-libitum-feeding stage showed lower torpor expression.
Key words: Phodopus sungorus; Torpor; Hoarding; Low temperature; Fasting
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5 VIR, W2 B SRR R RN E
B3N 2 — (Shettleworth 1990), %% 3152
RS M & BB S R A . X
1T NTRI RSN IR AT HE R I, DA =
IR PR, R R R AN AR R ORI R
R HOR/NZ s, SYESRER
AN HE S R G AR L AR R 3R R R
(Wauters et al. 1995, Wood et al. 1996, Bartness
1997) . [FJHSF, b 5 (1R 19 038 5 AT 4% = 1) ik
A, R T AR ARG, ARRETE )Y
W EREAFBE B ARG, T ZEIMT R YA
kYERrfe RV (Day et al. 2001, Garretson
et a. 2014). BLAL, TEAT LA MEPER I &
BT HEME (Wauters et al. 1995, Wood et al.
1996) . 7 5 117 A 1 e A& H T EE 7 BTN R
TR B A SRR e, R AR R AN
R 7L 309 A O B K P 4 K S - ( Bartness
1997).

WHR AT 7 H#ER (daily torpor) F14CHR
Chibernation), —F ¥ AMILAYIE L MR E
Hmg (EfEAESE 2009). TME/NUIHILEY T,
‘i B BT = 2% B R a2 B B2 1) T 4 LAS6
IEEIZA AR (Geiser 2020). BUA W 7K
W, rERRELd IR 74, AFFLHE
Wik . SIRP R AR Z a AR X PR R LI
A PR IR A0 4 N 2 b R G ) MR BT AR
AF1k (Ushakovaet al. 2012), 5k H#HRIMZE
RS T E OB TR R % (Heldmaier
etal. 1981a). F& 1 B A HEIRS, FZXH
BUR AT 70 0 I 7 S5 55 A PR /N TR .50
i) W EOK 43 24T B (Heldmaier et al.
1981b, Day et a. 1999, Garretson et al. 2014).
DRI, SORRE H B BR IK 7 A2 50 9 B R AR &
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. BRI HB#IRFEEZULZTRDEE Y O
F/NT 130 gemd, TR &5 3 8 H BRI
ZEYDRLGRI R, AN 52 Z= 19520 (Diedrich
2015),

kB L M (Phodopus sungorus) A& T
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S0 FH S 2R B BRI 7R TR FHIMYE K 2 3h
Y. B (29 cm x 18 cm x 16 cm) 4l 3%,
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2 & 0.35 L/min, M % K/ & 20 cm x 10 cm x
13cm, JERPEEESIZE 27 °C (Gutowski
et a. 2011). FERBACHR 1M e /AR 9:00 ~
16:00 i HE4T, ME AT shIEEE 3h, NI
= NIER 1 h, S 5 min W& 1 7k, S5 3h.
RSB I 2 S AR
122 HEBEEBESEHENNE AZIRE
EIEE AR IR A TS 5 RE RS (Vitd
View £4t, Mini Mitter A, 75 ER-4000)
5 P R P A R AR AT R o IR Y IR B s
I, KRS E AR Vital View RBEHHEIR
a8 FRHMT R IRE ST S BRI . SEE
PIRENL Y N, FH s 8 HE 5 H,
AR %, WA R ESEIE 4d, & 6 min
103 1 EE, 1hidst 10 M S, 1didss
240 NEHE A, SIS B 1 1K B A R /min

Ccounts/min) (1S 2017).
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I SE S & AT A, B Sh i s
YRR AR A AR &Y, A Bk
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(Ruf et al. 1995).
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BB, RSP E RN 40%. & 31YrIA
#HN P R B A TR UG AR Y 25%, Tl
M 10%M &Y. B H 12:00 KA. AE. &
Y N E R AT — 1 SE58 . XIS STE BT
ZEAEH Vital View RGEHEATINE, FRAHER
HELLNE 4d. BIRMAE : ESILF 3R
MR EART 30 CHUNERHR, shE s
IR A D P A — R, R B B R AR
77, WFNBARA, BN AR EIRA . &
B B s st R e B T R 8, BB
TEFHIEGS), PRIEHLAFEITE Vita View &
GrER AR I R R 2 Y
15 Sitatr

K H SPSS26.0 #4347 HidE 43 4 . B HHHY
BB, PP DL AR S AR B AR A ) BB LR R
JERIAAE ., EZIEE. mshtt S aErnZE
S M BER A1 b, R E G E T 25
Bro 40%M Bt 3 HAMASET:, ik, ¥k
BER B B2 B RUIARE . IR TS
PR AR AT AN T 1) BRI K S5 S b i B
R MALFEA t Kr58 )2 Fisher F5HAKLS .
R B B B PR A o B A4 % T0UHE o ) (4 AH
TR B IR IAR S BT SECRT t A SRk AT 43
Bro HHTREAREIRS, ARIATEIR AR
PR R b e BeAh, BT SEsear o o 11
RENW) (6 I 5D FEAT T IR 2 1 e
HAA R TIX 11 R a2 i AE 5%
G0 CHEERBLSFIIE £ FRifEE (Mean £
SD) E¥l. P < 005 NEREHE, P < 001
NZE R

2 SR

HHECEME (14d), 13 R (7. 6 1)
MYhE 41 (3. L) BRAEIEITA, 9
R (41 58 AEFEIT A REHESH
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70%PB Bt T s A R BE T H 35 A 3R 08 IR 5
A0% B 5 AshWis iR (1. 4 1),
W HomE SOREARZ, HoAth 8 HAMARAR ™ A B,

W5 SONAEI AR (6 1. 2 M), IR &
Eb#) 38% (3t 13 H). H, 5 HEIR MK
Rl B, TR A A B AR
HR, (HI B S5 AR (8007 (Fisher FERAG S,
P = 0105. [AKf, &5 EIRS M [Aphsr
(Fisher 5k, P=0559), iHIZEAR} 5T
TR AR P 3 A ) - e i — b S

21 HESHER

HEHICEM B 13 Hahi i A 2 2 Rt )
SRFWM (R Do HEMEAM R E B 2E 5T 1
PE (R 1, 2. 4, BIRASAEBIRAY)
PR ELE H LR 70%F1 40% =P Bt
FHRAREER (R 1, 3. BRkzsh, 1F
TO%P B, 1 5 M 2 1) ST 3 AR ER AT A R
S, HIE, TE 40%MT B, AN ST 3 Rk
ZIAZERW L (R 2). HAh, METE 70%5
A0% /N B P Rk B EAR DG (BRI
A r=0971, P<0.001, & 1a).

H B, 13 R MeAREEE R
MEFZEWD R D, RBEELENER GR 1,
2). M BB IRA S B IRA IR E ML
ErER (R 1, 3. HHIEMBRMMERF
HESHEEERIFEMX (R4, s, 13 H3)
YIS RTE Y B 0 B S AN BE I (] 1 A8k (3%
L, BERLENER, HERHBIRE SR
TR (1, 2).

ARV 25 B BB B3
REFHE R REMR GR 4); PHkEE
AR IR LR E 2R (R 2). FfE, RN RE
BB, PRk E Y SRR TR (R 4.
212 #EBEESEHIE BEANEBHRER
Bt 13 H AR H P 3 Az 15 5 AN BE I 1]
Al (R D, WEHEAMAERR H PR R E A R
Fm T (R 1, 2). fEH HIUE . 70%H1 40%
A B AR R I o PR I R I
ik (& 5. EMNREPTE, MR AR
FETE T0%W B 3% i T (B 28, R 2),
ER P I I AR AZ L BE 7R 40% 0 B G 12 3% 22 5t
(£ 2.
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3 =59
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g 157c = 1801 4 O30,
Q g 2 g . R
* 210 K g 130 g g
e g 3 M5
Es = B )
£ g =9 . e N
& 5 H 5 80 =26
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e 0 ' L 1) S A Y ] - : s,
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FERAHR E 3 BRAH
Basal metabolic rate (ml/h) Activity (Counts/min) Torpor duration (min)
B 1 JEREZ R
Fig. 1 Correations between measured traits

a 70%5 40%M B AR AN R b, B A BUS AN IR B BOE SRR A G E: ¢ FEREACHR S IR M, d. 8 hIEn
Boidah it 5 BRI KA N e IR 5P S BRI FEAH b
a Correlation of body weights at 70% and 40% stage; b. The correlation between the activity of food-restriction stages and the activity of
ad-libitum-feeding stage; c. Correlation between basal metabolic rate and torpor frequency; d. The correlation between activity and torpor duration

in ad-libitum-feeding stage; e. Correlation between torpor duration and average torpor temperature.

®1 BHNEHBRBLEERGE. REE. URE. AREESHEHENEZNET Z0H
Tablel ANOVA analysisof repeated-measures of body weight, food intake, hoarding size, core

body temperature and activity of Phodopus sungorus during the ad-libitum-feeding stage

AE Vaiae
iR Ea 23 thE e - LEPitEs B
Models Variates Parameters  Body weight ~ Foodintake ~ Hoardingsize  Core body temperature Activity
(9) (g/d) (g/d) ('C) (Counts/min)

i i i ] F 11.742 3.644 1.405 2,061 4316
Time Time P 0.010 0.006 0.265 0.130 0.008
A+ PR F 6.960 1.059 1.119 9.369 7.146
Time+Sex  Sex P 0.023 0.325 0.313 0.011 0.022
| F 11.053 3.694 1.231 2,010 477
Time P 0.010 0.009 0.304 0.141 0.007
e x LR F 0.346 1.096 0.500 1322 1.523
Time x Sex P 0.883 0.372 0.553 0.286 0.226
B + R R F 2558 0.016 1.555 2.556 5.639
Time + Torpor P 0.138 0.900 0.238 0.138 0.037
Torpor | F 11.015 3.484 0.869 1.885 4626
Time P 0.010 0.009 0.403 0.157 0.008

A ] x HR F 0.463 1.225 0.869 0.979 0.866

Time x Torpor P 0.802 0311 0.403 0.410 0.469

x TR Z A 5 B

x Represents interactions between these two variates.
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x2 BHDEHBREMREENEFAEEMAEE, 42, BRE. AR, aUEREE. ARERESEIIIERLR
Table2 Comparison of basal metabolic rate, body weight, food intake, hoarding size, total intake, core body

temperature and activity between the sexes during ad-libitum-feeding stage and food-restriction stages

A5 Variate Bt Stage Kbt Mae Btk Femade t P
ST A1 % Basal metabolic rate (mi/h) Fuhik X Thermal neutral zone (27 °'C)  1.63+0.32 151+0.19 0.733 0.482
A H Body weight (g) E HHU & Ad-libitum-feeding 51.90+7.04  42.69+5.22 2.638 0.023
70%H Bt 70% stage 50.82+6.97 41.78+6.83 2.353 0.038
40%41 Bt 40% stage 4332+782 3542+6.29 1.983 0.073
& Food intake (g/d) H & Ad-libitum-feeding 7.07+1.35 6.48 £ 0.92 0.905 0.385
70%H Bt 70% stage 4.95+0.94 454+ 0.64 0.904 0.385
40%04r Bt 40% stage 2.83+054 259+ 0.36 0.902 0.386
I fr & Hoarding size (g/d) H U Ad-libitum-feeding 357+6.05 0.59 + 1.45 1172 0.266
YR EUE B Total intake (g/d) H B Ad-libitum-feeding 10.64 + 6.86 7.07 +£1.54 1.339 0.224
AR H BB Ad-libitum-feeding 3545+0.83 3652+022 -3.286 0.011
Core body temperature (‘C) T0%P Bt 70% stage 3531+0.79 36.26+028 -2952 0.018
40%0 Bt 40% stage 3508+064 3565+052 -1.753 0.107
T M B Ad-libitum-feeding 5.82+1.37 7.89+142 - 2672 0.022
Activity (Count/min) 70%H Bt 70% stage 5.77 £ 2.00 847+241  -2207 0.049
40%04 Bt 40% stage 9.20 + 5.96 927+450 -0.022 0.983

B R N M + bRdEZE . Dataare shown as Mean + SD.

R3 HHRENBEMREMERARASERRASHBEFERL. BEE. LRE.
RYBIEE. BERRESE LR

Table3 Comparison of body weight, food intake, hoarding size, total intake, core body temper ature and

activity between the torpor group and the non-torpor group during the period of ad-libitum-feeding

stage and food-restriction stages

A3 Variates Bt Stage AR Torpor group  AEHIRZL Non-torpor group— t P
FAhfQ#R Basd metabolic rate (mi/h)  #: X Thermd neutral zone (27 °C) 153+0.21 161+0.30 - 0467 0651
A ] HH & Ad-libitum-feeding 4359+ 320 50.18+8.73 - 1599 0.138
Body weight (9) TO%R X 70% stage 4291+ 405 48994934 - 1360 0201
409 Bt 40% stage 35.66+5.01 4219+ 874 - 1507 0.160
HaEs U Ad-libitum-feeding 6.75+0.97 6.83+1.34 -0.109 0915
Food intake (g/d) 7096 Et 70% stage 4734068 478+094 -0.105 0919
4090 B 40% Stage 270+038 273+053 -0.106 0918
& Hoarding size (g/d) S Ad-libitum-feeding 0 357+560 - 1401 0.189
AYHEEUSE Totd intake (g/d) & Ad-libitum-feeding 6.75+0.97 0.39+6.44 -1.235 0.243
A% EE 1 FHIE Ad-libitum-feeding 36.38+0.15 5.67+0.96 2.026 0.079
Core body temperature (') T0%EE 70% stage 36.10+0.22 3552+ 091 1744 0118
40% B 40% stage 35.27+0.69 35.38+0.65 -0.287 0780
A0%8 B (AEEHRIN D 35544043 3538+ 0,65 0466 0,650
40% stage (non-torpor)
TEENTE U Ad-libitum-feeding 7.99+1.32 6.02+ 153 2.374 0037
Activity (Countsimin) 7096t 70% stage 7,58+ 1.00 6.66+3.16 0618 0549
409 B 40% Stage 990+554 881+5.19 0360 0.726
ﬁfg’i E j&%ﬂiﬂfm 11.30+ 645 881+5.19 0.768 0.459
REAEBRE #ANSEG Thewhole experiment 2364+334 3264+143 - 5704 0.002

Minimum core body temperature ('C)

BiE B NP EIME + AR, Dataare shown as Mean + SD.
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x4 FAEIVEMRBE. FE, BEE. OUENSE. BRIEE. E3ERBEHRH B
BIRE S HZIRE. FEIEREXHE
Table4 Thecorrelation among basal metabolic rate, body weight, food intake, total intake, core body

temperature and activity of all individuals, and among tor por duration, torpor frequency,

cor e body temperatur e and activity of torpor group

; . Mt Stage
Ak Ak S -
Variates Variates Parameters H TO0%M B 40%01 Bt
Ad-libitum-feeding 70% stage 40% stage
BERBAC % N:) r 0.583 0.499 0.503
aafjlgaabo“c rate Body weight P 0.060 0.118 0.115
wEE r 0.219 \ \
Food intak
oodintake P 0519 \ \
Rz r - 0.025 0.079 0.410
Core body temperature
P 0.941 0.817 0.211
B r -0.282 - 0.156 - 0.190
Activity P 0402 0.646 0575
RE CHHERNBD PRI R r - 0.759 - 0.685 - 0.257
Body weight Core body temperature
(Ad-libitum-feeding stage) P 0.003 0.010 0.39
(n=13) T r - 0.664 - 0.608 - 0.325
Activity P 0013 0.027 0.278
A (70%H B SRS r - 0.798 - 0.750 - 0.306
1 0,
5102);_ gaght (70% stage) Core body temperature P 0.001 0.003 0310
B r - 0.675 - 0.683 - 0416
Activity P 0011 0.010 0.157
HERE NGy r 0.605 0.691 0.730
Food intake (n = 13) Body weight p 0.029 0.009 0.005
A% r - 0.627 - 0.642 - 0.458
Core body temperature P 0.022 0018 0115
ESITE r - 0.261 - 0.319 - 0.081
Activity p 0.389 0.288 0.793
YR AR r \ \ - 0.246
Total intake (n = 13) Torpor frequency p \ \ 0.419
HAR A r \ \ - 0.322
Torpor duration P \ \ 0283
EBITE PRI R r 0.703 0.670 - 0.093
ivi Core body temperature
Activity (n=13) P 0.007 0012 0.762
R TES r -0.215 - 0513 0.054
Torpor frequency
(#AR 41 Torpor group n = 5) P 0.728 0.377 0.931
HAR r - 0.981 - 0.199 -0.371
Torpor duration
(#HR2H Torpor group n = 5) P 0.003 0.748 0.539
AZ IR HARAR r \ \ - 0.003
Core body temperature Torpor frequency
P \ \ 0.996

(#HR4 Torpor group n = 5)
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x5 Az, BIRASFERAE=ALBRHER GERIRNBD REBEE 5EIMEREN t %
Table5 The paired-samplet-test of core body temperature and activity of individualsin torpor
group and non-torpor group at three experimental stages (non-torpor period)

= Bt Stage
A B!
Variate Group 28 RS 70% KB H IR 5 4090 B 70%5 0% B
Parameters Ad-libitum-feeding & 70% stage Ad-libitum-feeding & 40% stage  70% & 40% stage
IR 4% All individudls(n=13)  t(P) 3.967 (0.002) 3.197 (0.008) 2.582 (0.024)
Core bo
temperatdli,re AR 4 Torpor group (n=5) t(P) 3.570 (0.023) 5.976 (0.004) 3.622 (0.022)
E—
i t(P) 2.377(0.049) 1.535 (0.169) 0.987 (0.357)
Non-torpor group (n = 8)
WEME 4 Allindividuals(n=13)  t(P) - 0.539 (0.600) - 2.066 (0.061) - 2.151 (0.053)
Adtivity A4 Torpor group (n=5) t (P) 0.681 (0.533) - 1.284 (0.268) - 1.336 (0.253)
AR ARA ~ B B
Non-torpor group (n = 8) t(P) 1.092 (0.311) 2.046 (0.080) 2.472 (0.043)
O 40, | 70 rp o WM Female .+ T Male
g 3 MM Female 2 60l ok (l@ll&t Female) — #3#k (HetE Male)
£ 38 .4 ; : S °
e o4s : . <& =
. e o o L o i : o
g 37M: : dthed ik . pEL O
a 4 .@!“ ‘!i [} T 1% & | : fge 1 3 JOE% =
Z 36 N IGHRELE It A R A R T =
8 3 e gl g ( 300 &
Q ) : y I Q
g 35 2 & b 4 ] ;!7 p Ry ,‘ A 8% &, 4 <
S 34 iR AR WERR ek S AL -
= MR RIS e
g 33pe WM S S L
fﬁ A . A
ﬁ 32 1 1 1 1 1 1 1 J - - ” = -
0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00  0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00
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Fig. 2 Corebody temperature and activity at 70% stage of a representative female and a male.

a IR ; b. #EBhk. a Corebody temperature; b. Activity.

H BB B, 13 Rshyn B - 4iEsh it FHEE S 40%Mr B : r =0.618, P =0.024;
BER )AL 2= 3 B (R . MEMEAMEH 1 70%55 40%EE: r =0.727, P=0.005, & 1b).

WA A B A T HEE (R 1, 2). [Hit, MAER B, SRR R As RARE, HE

H R B BOMEVE M AR S s m PERIR SRR 70% Bl m T RENE (3R 2,

THENE. K 20>, (EHAZPIPERESITELE 40060 B 2%
K MAGE T, TEESIEEE ER (R 2.

HIE B E WA REMBOEZER (5, H BEAh, B H B Y BOMA 2 AR SR,

e, WEEITEE B AR B [(6.78 £ MBI KIESI IR S8, MERRIER
L7)Imin] AT 40%BTEL [(9.23 + 512) FEME, HAKERZHBE, AR5
Kimin], EZFHIFLPEER K5 St—  ZhEIESR MAEE HERBCS 7000 BUK
B, AhBEprBosshtEm A, 0 70%kr  RIR G, ESiTEBR (R 4). HiE, fE
BN 40%0 B (s s VE B R CROREAR R T, 40%0 Be iR IR B S s stk Bk (R 4. fEM
H A5 70060 B r = 0.787, P =0.001; ANRETE B, AMALE 70%0 BT 2 14 B 1)
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Fig. 3 Variationsin core body temperature and activity in two representative Phodopus sungorus at 40% stage

a. c WIRMBLELR; by d JEBARKIELELR. a c Atorpor Phodopus sungorus; b, d. A non-torpor Phodopus sungorus.
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Fig. 4 Variationsin body coretemperature and activity in two representative Phodopus

sungorus at ad-libitum-feeding stage

a. ¢ BIRBLELR; b, d JEBIRAELELR. a c Atorpor Phodopus sungorus; b, d. A non-torpor Phodopus sungorus.
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