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Abstract: Olfaction, vision, random search and spatial memory have been suggested to be important factors
for hoarders to rediscover hoarded foods, but whether they work differently on different species is not clear.
In this study, we studied the role of olfaction, vision, random search and spatial memory on seed discovery
capacity of David’s rock squirrels (Sciurotamias davidianus) in enclosures in the Dongling Mountain, north-
western Beijing, China. We decreased the olfactory signal of the experimental seeds (cultivated walnut, Jug-
lans regia) by sealing with plastic bags, and blocked the visual signal by burying the seeds in soil. We com-
pared seed discovery rates of the following four treatments: (1) On ground (G): seeds placed on ground sur-
face; (2) Buried (B): seeds buried in soil; (3) Sealed & placed on ground (S & G): seeds placed on ground
surface sealed in plastic bags; and (4) Sealed & buried (S & B): seeds buried in soil sealed in plastic bags.
We also compared seed discovery rates when S. davidianus discovered seeds buried by themselves
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(Self-Buried, S-B) and by other individuals (Other-Buried, O-B). The ranking of the seed discovery rates of
the four treatments were B (Mean+=SD: 59.54-27.6 %) > G (53.3+27.7 %) >S & B (31.0+27.2%)>S &
G (26.31-28.6 %); Seed discovery rates of B and G treatments (Z=—0.356, P=0.722), and of S& B and S &
G treatments (Z=-0.493, P=0.622) were not significantly different. This suggests that the seed discovery ca-
pacity of S. davidianus was not significantly affected by blocking the visual signal. Seed discovery rates of G
was significantly higher than S & G (Z=-2.084, P=0.037), and B was significantly higher than S & B
(Z=-2.943, P=0.003). This suggests that the seed discovery capacity of S. davidianus was significantly de-
creased when olfactory signal of seeds was decreased. When seeds were both sealed and buried (S & B), 31.0
% buried seeds were discovered, which suggests that S. davidianus could discover some seeds with random
search. Moreover, seed discovery rates of S-B (57.9+21.8%) and O-B (54.4 =33.9%) were not significantly
different, which suggests that an individual S. davidianus has no advantage in discovering seeds buried itself,
as if there was no effect of spatial memory. These results suggest that olfaction is the key factor for S. david-
ianus to rediscover hoarded seeds, secondarily relying on random search. Vision and spatial memory seem to
play a less important role.
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B B ) — P 3E N 4T 4 (Smith & Reichman, 1984;
Vander Wall, 1990), "5 J 2 7l 43 Sk 5 vp I 5k
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(Vander Wall, 1990). *T-7r 0t B3k ist, A3k
A8 ) B o) LA A A G B, X AR A HOE
47 A 19331650 J (Smith & Reichman, 1984; Vander
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#R(Quercus wutaishanica) 5 AE 4 Il S5 2
FUE R, ) 3o A T 4 977 FORN S T R AT T S
(Lu & Zhang, 2005),

T A8 BOGS 23 B s 5~ i 4 AL, AR
T T RRRM T RSN ARG, VPG A A B
T BN R R e e it FRATIAEIE R
RARAMMXHIEFL T (DFEAFIAL B A& AR (B4
BT S S T AR A d P S )
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T B B RIS AT ar A sk, i L
SRR WOE P B A B 2 52 (Xiao et al., 2006). Ut
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Fig. 1 lllustraten of grids, nest location and seed stations in
the experimental enclosure. The numbers from 1 to 25 are seed
stations in Experiment 1 and I, II,IIL,IV are four quadrants in
Experiment 2.
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(2) H341(Self-Buried, S-B): flHHZH S 52
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ok gk P 2L AV A I A ) 2 e B ko el 1K
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3 FIRER
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U kg T 2 (AF- ) % (£ SD): 59.5 +27.6%, [ :
24.0-100.0%). #h#4H(53.34+27.7%, 12.0-100.0%).
P A4 (31.04127.2%, 0.0-80.0%). i} A4l
(26.3 = 28.6%, 0.0-80.0%) (& 2), # =7 & #
(x*=18.938, df=3, P < 0.001). PJPI4Lia) & W (3
1): (L) A>H R 4L, 52 A 2 35 (2=-0.356,
P=0.722), fPHHAL>E AR AL, 2 Rt AN W3
(Z=-0.493, P=0.622), 1 HH ek Ak 3 B W 4 o A 5,
XA Rl 7 R IR A B35 5 (2)Hh 41>
xR A, =% W% EZ=-2.084, P=0.037), Hi¥
2> B AL, 22 5 W (2=-2.228, P=0.026),
ML > BHHR, ZRNEE (Z=-2.936,
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Seed discovery rate (%)
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O-B S-B
25l Treament groups

B2 FENRAESIRAZHTHZRMFHEZIEG:
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O-B: fhif4H; S-B: HiE4H)

Fig. 2 Seed discovery rates of Juglans regia by Sciurotamias
davidianus in different treatments. G, Placed on ground; B,
Buried; S & G, Sealed and placed on ground; S & B, Sealed
and buried; O-B: Other-Buried; S-B: Self-Buried.

P=0.003), Mjik 41>+ (A1 41, %= = Ak W2
(Z=-2.943, P=0.003), it B3} A1 Ak 93 55 R0 A5 5,
W B T A R A R I Fh-r g dd T Ho
G, A 31.0% 1 A1 w2, Ul WA AT DL
LR R B A
SLAG2vp M R IR AR O B 4 (57.9 + 21.8%,
20.0-88.0%) >ih M4 (54.4 +33.9%, 7.7-100.0%) (/4]
2), HEFAREE@Z =-0.157, P=0.875), =[]
AR R - SR 1 I A B 03

4 Vg

A AR ek £ )6 o3 WY S sh i i A A7
SR IS WOV AT O K RE A B U (Smith &
Reichman, 1984; Vander Wall, 1990; Vander Wall et
al., 2006). M-ut. PLHE. BEALIRZE B2 He A H)d
1277 BE 2 VF 22 73 HUE £ W 1A 3 1) 4 B 23 HEOE ik £
Yy T 27 A (Vander Wall, 1990, 1998, 2000;
Rice-Oxley, 1993; Vander Wall et al., 2006; Winter-
rowd & Weigl, 2006) -

FRATTHA) S &5 I3 WY WRUBE 2 A SR A% SRk
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F1 TWIFEBEER R ZIF X RENES R Z 14136 (Wilcoxon test)
Table 1 Difference test (Wilcoxon test) of seed discovery rates of Juglans regia by Sciurotamias davidianus between each two treat-

ments in Experiment 1

415 ML A
Treatment groups G

H AL R
B S&G

Z=-0.356, P =0.722
Z=-2.084, P =0.037"
Z=-2.228,P=0.026"

R4l B
EAMEL S&G
BAHEEA S&B

Z=-2.936,P =0.003"

Z=-2.943,P =0.003" Z=-0.493, P = 0.622

G, Placed on ground; B, Buried; S & G, Sealed and placed on ground; S & B, Sealed and buried

B f Iy B, PRA AR BE Rl ) A AL B
WA SIS, e A BRUER 2 E ) 8 25 FRAIR . VF
ZAANIWT TR, BT 5 A 34 A A 4 ]
T R E B X, S (T o Al A 3h )
a0 L el 71 S 1 A N A
(Leopoldamys edwardsi)/R /b4 23R > 6 cm
7 (VG ARFGKANMH, 2004); HLBIKE0-5 cm
N, f& B (Tamias sibiricus) 2 ) H 2 Ff -+ 1
s R () B AG 5 UL R i 52 A 5 AR O (ke vk SR AN
KM, 2006); HE T TR 5 b ) 5% [ % (Corylus
americana) i + , U A 25% fig # £ ¥ € W
(Glaucomys valans) #£ [F] (Winterrowd & Weigl,
2006). A, SERIGAE S e HR e LA B0 4 I A
TRV B, T A PR BT B s A
55 R ZY, W W2 S W A AE . PiAT
$7 % A /2 i (Peromyscus maniculatus)#k %! (Johnson
& Jorgensen, 1981; Vander Wall, 1993, 1995, 1998,
2000). SR, XTI Pk a2 HOr s & 5,
WG 1R s AR 32 BB SE, I s/ dklel B &
JE R R B D INE I i B AT W S IR 3y, BAAME Er e
ks AT SnR EPS POl sac 2w IE | aq=cgivb Al
FEAHIRNIR), ACHCEE MR b 4 (B ek £ ) IF AN e AR DL &
Yl A A # (Vander Wall, 1990; Vander Wall &
Jenkins, 2003; Vander Wall et al., 2006), & zh4) W
ZA FRE TR s T 7 .
—EEEFTONC, LS TT RE I B Bk Rl
H e B ) 1) BT BN A L3 ) B R A
o LA s 28 5l 20 (Vander Wall,
1990; Jacobs & Liman, 1991; Vander Wall et al.,
2006), {HIZFATTHI S50 25 RASCHEX — WA, BR
AR BN R A ) A B MR At A A 1
S IR IR A I 22 5, BUAREATI A
e R = = R S TR TRk VA< K /v T S o R A 5

TE IR NS HCES-6 d, 4= [ad 12 i SE A7 A
B HAEEANEH, 4 BEAE 0 F A RS2 56 b 47 1
IR AT ey YN Rl IR R R VARAS €15 i L )
AR, INA)SE S (Day4, 5) S5 4H () P
FEARNET AT AL) A R AR N %K T A T
I ) SE 7T (Day2, 3)52 56 241 (b2 41 RN H ek 241) ) Fib 5
RILA; S8 AR B CHEA i (H ), &
SAEHFNTES) T3R, A HEFHE D4R A,
X () R IR A 0 2 v T 3R AT I Al 3 4 . AR
M, SEE0 85 RIFARIXRE, IR 5EHT (Day2, 3)skidl
(b 2 ZH RT3 4 ) (R b7 A B8 S 1T 25 v T I )
4 )5 (Day4, 5)5: 56 41 (] P 1 24 2 AN 3 P G2 ) 1)
Ty R, SR Rh - A A A IR 20 AT
FIESe, W, BRI AR SR N I EA A
AHBOH, BIRLMTS, 2RI A WA
FhF s . (R IX—45 R IEARE UL IITE B4R
AT S R SRR S I A 1IN A BT A TR AL
Peth, A8 BUE Sha FACR, Wi &Ik, 9.0 m
X 9.0 mEFE AT HER/DN, 24 hpy e Al Ta] g3 i R HE F
AR 2 5 07 ORISR 1, A TR BIAS H )
WAL o I —LERIF S0 W& 1A 240 1 2% ) 12
e A R B 5E, DR WA B ) AT RE A I
) A LA B) 58 bl ANk L, [R) IS 38 s 3L
Al A AR TR AR S AR ), DK EEZS (B3 12
REAT AT DA ek s (A PR BE, [RJINF, Bl I [) 4
¥, A2 e )23 Wi B (Vander Wall, 1990;
Daly et al., 1992; Vander Wall et al., 2006). =] L, M
WA Bl ORI £ 0 ) 2 TA) A A2 8 g R0 R £ 4 i)
()27 TR AZ LAt T 22 BB 9T

B VRO I B R R AR A R R TR
W FIEAZ, M A 23 (B2 5 A A
PR, 2% L2 MO 8 2 % (Vander Wall, 1990),
Bl an, Jb3& 4k B (Sciurus carolinensis) FITFRF EG B 4%
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J5 5 (Dipodomys merriami) Feil i A0 2k Rl
Yy i (Jacobs & Liman, 1991; Jacobs, 1992) . Al
(1) S 56 45 SN A AR B AE A A B S R A 1
I AN = SR, DAL A 308 a3 R Ak 34 BH T 4 5 15
Jo, S BN BT R R I TN W E AT AR
JEOR -, AH ST SR - 1) B 6 i s g
X AT HE A D] A e Se AR I 1 O 2 B R IAH S
AW, ATBIEG X A1 dhsh, FA4]
T 3 S Ak 3 R BT A A T, (S (] N
SRS WA T, AT REAT A B B A () A IR
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