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Abstract: Foraging is a fundamental behavior to ensure animals’ survival and reproduction. Foraging
decisions should balance the risks of starvation and predation which usually varied both spatially and
temporally in the wild. The energetic state-risk allocation hypothesis presented that the optimal trade-off
between energetic gain from foraging and avoidance of predation should depend on animals’ current
physiological states (e.g., hunger), on current environmental states (e.g. actual predation risk, food
availability), and perhaps also on past and expected future states. However, in terms of the model of energetic
state and predation risk allocation, studies in rodents have yielded mixed results. Therefore, we used a
Y-shaped maze by a 10-min behavioral test to measure the discrimination to the predator odor of a Steppe
Polecat (Mustela eversmannii) or no-predator (i.e. horse) odor in female Mongolian Gerbils (Meriones
unguiculatus) deprived food for 18 h in field laboratory conditions. Then we investigated the feeding and
antipredator efforts of the fasted female gerbils in the presence of predator odor with food or those of in the
control no-predator odor with food at a neutral arena. We aimed to test the hypothesis that acute predation risk
inhibited the foraging effort of the starving gerbils, and then to address the trade-off between the starvation
and predation risk in the foraging decision of gerbils, as a desert rodent. We found that both the frequency and
the duration of visiting the predator odor selection box was significantly less than that of visiting the control
box (Wilcoxon signed ranks test: frequency, Z = 2.405, P = 0.016; duration, Z = 2.803, P = 0.005; Table 1),
which indicated a remarkable aversive or fear response to the steppe polecat odors in female Mongolian
gerbils. Furthermore, we observed that starving gerbils displayed their foraging effort both in the treatment
with a predation risk and without predation risk, e.g. unchanged their foraging frequency compared to under
the predation risk and under the control situation (Mann-Whitney test: Z = 1.514, P = 0.130; Fig. 2). It was
just that, compared with the foraging latency (58.6 + 35.5 s) under control situation, the starving gerbils under
predation risks increased the foraging latency (110.4 + 57.9 s), delaying their foraging (Mann-Whitney test:
Z=2.068, P =0.039; Fig. 1), yet decreased the duration per foraging (Mann-Whitney test: Z = 2.856, P =
0.004; Fig. 1). Additionally, we noted that gerbils were higher in the effort of the up-investigating to the space
for vigilance (Mann-Whitney test: frequency: Z = 3.187, P = 0.001; Fig.2; duration, Z = 2.725, P = 0.006;
Fig. 3) and self-grooming for releasing fear in the treatment with the predation odor risk (Mann-Whitney test:
Z=12.289, P=0.022, Fig. 2). Our results, thus, revealed that the acute predation risk could not completely
inhibit the foraging activities in starving female Mongolian gerbils, and partly supported the energetic
state-predation risk allocation hypothesis. These results suggested that the gerbil could respond to the hazard
of starvation and predation by risk-adjusting or balancing, and trade off the energetic gain from foraging and
cost of predation maximizing the current or lifetime fitness, which benefited to the Mongolian gerbils adapt to
desert environment characterized by largely unpredictable food resources and relative higher predation-risk.

Key words: Mongolian Gerbils (Meriones unguiculatus); Antipredator effort; Energetic state and risk

allocation hypothesis; Predator odor; Trade-off; Foraging effort
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H . (Microtus agrestis) )= ] AF 5T RN,
Tl B XUB: v I % R 8 1 1) 52 i L 0 43 %o 3
(Koivisto et al. 2003 ). 1 53— LW 5B ox, 3l
YIS I BYIHGEH . (give-up density)
A% B B I 18] J3 B0 I AN 2 il 08 £ 41l £ JXUR: 7K
S CAn R BAR D) 398 ok B 852 I (] 4 56 7 A
b, B 5RE BR 1 3 4 58 55 AN AE R B
BEEBGE BB w5 T I RRAS,  dnRRET
(Clethrionomys glareolus) ¥ E SR BIAAHT 7T
(Sundell et al. 2004), LA UL, S&FmGiks)
W 5.6 0 SR I LR - B KU Rt 7 2R g R
BEMEME, IR M ) SO AN [F] AR A IR
PIER NG . Uk, PAAFRIPIFEEEL, 7EAH
JUBE N RHT 2 B AE, X AR T A A
FEAHCHLE b 2. ik, FRATENZE R
ANSE R ORI DUk, LT A T B (Meriones
unguiculatus) XI5, R T —yb RO AT



© 544 » =24 Chinese Journal of Zoology 55 %

B IS L PB4 B XU R 7

TP BR 32 43 A T BRI K o o 5 [X AR 2%
{14 e VB o L 7R FL L & 1 e A5 i
7, Y AL E AL A S B AR AR S
HrAh DU /RHIX (Wilson et al. 2005), f&iZIX
HE R EESY), EHBRFG, BXY
AR L Hollag R E e FE (S 1982, F
A2 1998, Liu et al. 2009). KJRVb A E
ITYEES) . HRG MR E “ KB (family
group)” MIBFEMERIS, EEHEMMF, T%
R, BAEME, BAMIH (Agren et al.
1989, Wang et al. 2011) . JLEFAPEE R E#E)
WHREESRZ, mHE. FI (Vulpes
vulpes) , DLRAR &, ERISERE. HAW
SR, WRIEES SRR AT EE . Wi
St R B, R U7 U Z Rl AR BT A
YR AT D B R, BRS A h  dE
TR, AT DL RS R A 5 R 3
L ( Spermophilus dauricus ) B A K H
(Lasiopodomys brandtii) fiI (55, iR
# (Agrenetal. 1989, FAFZEZE 1998) . AHf
FELRAER ST TOZD BRI AR 5 SERRAE A B 2R AL
EBRIEE AT AL RO A S 55T
T RGMITE BRFIEEE 2016, XI5 2017,
Deng et al. 2017, 2019). {H &%} H i &% sh+
JREXF 4 £ KURS: (AT e SEAL AR H A AR WA,
X5 A T =F & 0 B e DR e R AR
AR B A SR . AN Fus i B 4 sk
502 MR, e A AR K TOVD RO £ Ak 2
HEBAHRGES L D, MENEHasE
AR AR A ULV B R TR B R
BUOCSR5G 2), DLBRSGUE SoPE il BRI
Wb B B E B R B, BRI B4 i sk
5B &6 2R A M KBRS 5 B R
BB R FAME E DUV R ST I Al
SR TR RS R) A BT RSCAT , pH LA DO 2 A £
AR 2 LR VD SRR B ehEh, OB R At
AT TR DA TR As st i Re &
AL 2

1 WA

1.1 BB X AR R SE e 5h 4

AHIEFEAE N 52 1 KA = A DR BT A1 e
(E 115°17', N 41°58', ik 1500 m) 347,
% 5 AT EE X & 2 FORRE M S, 2
i 2.4 °C, 7 AFHRIE 178 C, 1 AP
il - 17.6 C; MK E 407 mm; JoFE
100d 4 (X% 2003),

SEEG KD RO 24 6 A 7 H 78 FE
i 30 km Ab B AP IR, R IS [
USROG A N, fESEES =M 30 cm x 15 cm x
20 cm WY ETETE, THEONEM. TR
DLz 2 bR SRR CIE BRI By A0 ko PR
AT, FEIE E KK SEI6 = IR A R &%
R4 7. 8 A HARER (15~20 °C) H
eI OLIR S R KL 16 © 8),

S FH Al £ AU B S R SR ) Ak, —
PRI 5 R FCSRRT R 2 054 1) A BT A e AR
B2 (Banks et al. 1999), Sl skt AT DL 547
FH SRR & A& (Borowski 1998, Kats et al.
1998, Takahashi et al. 2008) . Gl - W 0
RS, 1 R RN, ik
JE o s, EFRAE 50 em x 35 cm X
25cm WIREN, RENHEA— ZiEnTE
TEREBYLLEBE G SER 2 H, Sttt
ERAEER, AERIR— RV E, RUEE HEL
Ko SCRIANYD BRAEAS[F [ b5 ()4l 9% 15 d 546
S
1.2 SERACEMAT NTE PRI

WSS S s bt s R = B i D N\
SO SRl (D SR HERE ) (585 D,
TEUEFEAS b, B A S A U 2 TR L
Wb B s S R AT MR I (85 2D

S 1 BEHLEE 10 HEREMEMETD R, 14
H (58.0 £ 7.6) g, SLIQFFURHTXT VD R MEE &
18 h FIYLIRALEE . 5256 Y REL 5% 15~ 16 d
PSRRI RN 5 o VE Rt B3 SR B0,
10A Py AT EBRE BN E 15 d TR AE
BE®RD gA)E, B S g fE N IRAKRIE, i



534 RS SRR B U AN BE 58 A BRI L ERME P A TOD SR AR B fr i 2l <545«

HNC.

T NISE SR “Y” TORI0EE B 34T, %
FE W 1A M (50 cm x 35 cm x 35 cm)
FT2 ANIEFEFE (35 cm x 35 cm x 35 cm) S1 Al
S2 Ky, LA M Hik#EAE S ZIMHEAR
8 em. K 25 cm WA NI EMIE, SLIATH
SLAE M SIEFEAE S 1)t Al s SR Bk o AT
D E A A B SRV B AR AR A
INER LI G 53 ) e (R 229879 12 em % 5 cm %
5cm, PIERK/NN 0.7 cm x 0.7 cm); ZJEREAL
BT AFEREA S1 8k S2, 840 T 3 3
B ido SEIGTTURIT ICRL BB T oL,
3 min, SR/EFTIF LA BAEAR, 1k S AR
MM E b E g s), #&RIds 10 min.
RME TERE, H 75% PR E, Db b
ENPIEE T PR AUREESZ IR T S R
AR PR EthoVision BARERER R 4t 20.0 31

(Noldus Information Technology Co. Ltd,
Holland) Ztitah¥) il #t NA KRB (P)
AIXFHRAR (O IEFR MR (frequency of
visiting the selection box), LA TEEFEF H 1)
7 B4 B 18] (duration of visiting the selection
box).

SEI 2 EHUBAEMEVEVD B 22 I, SRERTT
SRRTXTYD B 18 h ZE R AL PR, SRS BEHL I B
A4, Horh—d R T YRR I B SRR
(SEE8 B, 108 FP A[n= 11, A HE (59.8 £ 6.0)
gls AT R AH R Yl s A AR
FHAMRIRMSLIE R, 188 FC 4n =11, {k&E

(59.7+5.6) g]-

IO SEH 50 g &Y (RUARER, BHiT
1.1 ecm) PR 10 g SBRIERRAE— R BR2E TR/
A 12 cm x 5cm x 5 cm /NRZ W IEH, Bz
FEMIAR /NN 0.7 em x 0.7 cm, AT PARG 1L &9
B, W R0 08 PR M £
DRSO AR 25 RIS 56 1. 285 R
SLI N TE L HEAT 0B AT I, M B Dy s
51 AP SLAR (50 em x 35 cm x 35 em). SE

T If S S5 SR B o A SRR R
22 5 PR Sy BRAE R SEAE P, 1&ER. 3 min,
FIF £, % ie 3 10 mine BRI E TR
H T5%PAs AR E, DR sh P FRIZEK.
AIREEFZI T MR ZE o AT IE N4
AR AT IR S G AL B kAT . R BT RLA
EthoVision A ERER R4t 20.0 B AFSeit, Suit
WIF 47 A (Halpin 19768 b5 [IIK (frequency )
FRFSERS [A] (duration) .
(1) WIHEBY) AL (odor investigating):
0 IS 5] AT A AE
(2) ARG EE P S (up): SR G
S HE, SHRESL, JEHEA SR E SR
(3) [ LEBEER Gump): sh¥pidEid Ja B m) b
Bko AR IGE RN
(4) BIAZM (selfgroom): 24 F M TR B H
JBCJ5 s I TS R B ) T s B A ), B
WS R IR R B X R R L, B A AR
(5) KRG C(resting): BhWER L1046 ) —
kil EANE,
(6) K& (attempting foraging): 2% H
HTINHEH 1A T RE o
(7) #¥8 (digging chamber): B2 T
L. HT R, AR5 RIS
o
(8) 177& (walk): WWIFEFEFESN. A5
g Bk (1) ~ (7)) AT A IESRI, 1T
EFFRRIAREN (1) ~ (7)) AT REHR. 173
1T AEAR LIS TN R I ANEAE Gt 53 i
1.3 BELE T2

KM SPSS Gt it B At i) Wilcoxon
Signed Ranks Test A58 73 B0 B 4 B 3 Uk
JEFT AR 0 SR 22 e (S 1) KA
Mann-Whitney Z test £&:53% 7t FL R £ KU b
#(FP 4D FIWIREA (FC) ¥R IRI7EA K 7
BRI BRSNS 8] P55
AP B B Rl (], DURAE B A2 iR ot
WA WARE S ERG . Bk, B



* 546 ¢ =24 Chinese Journal of Zoology 55 %

PABNH AR DA IR SRR B2 18] () 22 57 (5236 2
A 25 KRB LFIME £ FrifEZ (Mean + SD)
Fon, ZRWEMWLEKT5 758 P < 0.05
FP<0.01 CUEKIE.

2 g3

2.1 KW RXHE &SR

S 1 AR ER, KNP RENGHEHE
AR IR I AR (1 B ST N HR AR IR
% (Wilcoxon Signed Ranks Test, Z=2.405, P=
0.016), H.¥f BF o i i [) iy & b 2 35 /0 F )
# (Wilcoxon Signed Ranks Test, Z=2.803, P=
0.005), F KTV 5 1535 AR AN [A] 36 Sl
Sk (R 1D,
22 FHEFHEXENIRY RESESIN
=2

X A5 B TS P ALY RAN R I 4k E L iR
B, EEEHT, A YRR SR (FP)
FIRE 2 (59.8 + 6.0) g, A EYIRIBAER
BEHESRA (FO HEEN (597 £5.6) g,
PHFEAMIE (t-test, t=0.06, df =20, P=
0.975); Zf 18 h JEfi g RANIEE N
(54.1+53)g, I EHTRAM K E ] (53.8
+5.0) g, WAAEI RIS, (HAHRZER
ANEE (ttest, t=0.17, df=20, P=0.867).
XEEgE RN, WAV RIYURRASHLL, W
HAMARI RE R TE R FE B IR AR, M a] )

BB %5 S NAZ AL

S 2 AR BN, E AR EEAWRE T,
DUARREVE VD BR A P 0 v ARSI B K T E R
i BEEARFAM N MERIEIL (Mann-Whitney
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] _EBRERATIR (Z =0.448, P=0.654). KB I
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R1 EYRREPEN 18 h KRRV RO R 50 AR B KR (10 min 332D
Table 1 The choice of fasted 18 h female Mongolian Gerbils between to predator,

Mustela eversmannii and control odor in a Y-shaped maze by a 10 min-test

- WEHFRE (P FREARAE (O Gi R
TRZH FEAEL The box with the The box with the Wilcoxon signed ranks test
Behavioral parameters Sample sizes predator odor control odor
(Mean + SD) (Mean + SD) z P

kN IR (R

ENEBRHHR O 10 89433 122445 2.405 0.016
Frequency of visiting the selection box (No.)

FEALTERA G RN R () 10 117.8 +28.4 250.8 +53.3 2.803 0.005

Total duration of staying in the selection box

FHEE RBONFITR 15 ~ 16 d SRAVHIY) X RARRBOGER S S IR,

P box: the box with the predator odor that is nest substrate cotton of Mustela eversmannii living forl5 - 16 days. C box: the box with the

control odor that is cotton with horse odor.
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Fig.1 Latency of attempting foraging and average duration per attempting-foraging of fasted 18 h

female Mongolian Gerbils in the presence of predator odor with food (FP) and

in the control (no-predator) odor presence with food (FC)

HAli L IME + bR AOR; WANMER B, *P<0.05,

** P <0.01 (Mann-Whitney Z 38

Data are presented as Mean + SD. * P <0.05 and ** P < 0.01 significant between two treatments using Mann-Whitney Z test.
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Fig.2 Frequencies of attempting foraging, odor investigation, up, jump, selfgroom and rest of

fasted 18 h female Mongolian Gerbils in the presence of predator odor with food (FP) and

in the control (no-predator) odor presence with food (FC)

HAR L IME + bREZ IR

PR 2Z R &M, *P<0.05, *P<0.01 (Mann-Whitney Z #3%%).

Data are presented as Mean + SD. * P <0.05 and ** P < 0.01 significant between two treatments using Mann-Whitney Z test.
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JAl & XU K7 (Dugatkin 2014, & 5
2014). BRI BRI S, HBOERR (R E#%

= e Al AN EL
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(Lima 1998, Preisser et al. 2005, Ylonen et al.
2007). HrhSRAE R LB 0 A BE,
ZHUEY) AT LUE N R EBCRR PR R XU, B
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Fig.3 Duration of attempting foraging , odor investigation, up, jump, selfgroom and rest of

fasted 18 h female Mongolian Gerbils in the situation of the predator odor presence with food (FP) and

in the situation of the control (no-predator) odor presence with food (FC)

A UCFAME + bR AFoR: AR ZES REM, ** P<0.01 (Mann-Whitney Z £550) .

Data are presented as Mean + SD. ** P < 0.01 significant between two treatments using Mann-Whitney Z test.
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1998, Kats etal. 1998, Takahashi et al. 2008) .
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