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Effects of cache depth, cache size and soil moisture on cache discovery of

Pinus koraiensis seeds by Tamias sibiricus
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Abstract: Scatter-hoarders usually establish their caches containing one or several seeds across a wide area within their

home range. Olfaction plays an important role in cache recovery by scatter-hoarding rodents. The depth and size of caches
and water content of cache substrates are believed to affect seed odor emission and thus olfactory cues to food hoarding ani-
mals. We conducted enclosure experiments to study the effects of cache depth, cache size and soil moisture on cache discov-
ery of Pinus koraiensis seeds by Tamias sibiricus in Dongfanghong Forest Dailing District of Heilongjiang Province during
August — October, 2012. We found that; (1) The proportions of seed cache discoveries were reduced with the increase of
burial depth; seeds buried at 1 ¢cm and 2 ¢cm deep were more likely to be discovered by T. sibiricus than were those at 4 cm
and 6 cm. (2) Seed cache recovery rates were also significantly affected by cache sizes; large-sized caches were more
likely to be discovered by T. sibiricus than were small ones. (3) High substrate water content facilitated small rodents dis-
covery of the artificial caches. Our results suggest that T. sibiricus rely on olfaction to discover buried seeds under the artifi-
cial enclosures and olfaction might play an important role in finding their natural caches. Future work should consider seed
odor emission under different substrate conditions.

Key words: Cache depth; Cache discovery; Cache size; Soil moisture; Tamias sibiricus
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YRR BT & W E 27 X (Vander Wall,
1998; HinARFITREM, 2004), BF (Nucifraga
multipunctata ) RESEH F] 25 (B0 12 4% 101 #1581 2 40)
(Vander Wall, 1982), i M4 7E WG 5 sh W3k 300
s ) AR B AR ShXT IR s Y
TR HZBIRZ BN ER T (Vander Wall,
2000, 2003) . R IREE T WS SORE T
R, EFAMERR. (Tamias amoenus) 525 55 ¥ 375
A (Vander Wall, 1998); i 7 T4 5L i v,
FM CE (Glaucomys valans) H gk 3> 53
WY SE AR ( Corylus americana ) Fh T ( Winter-
rowd and Weigl, 2006) . Kt MK FIH (2007 )
PR R . AR , WSS RS, A
FIk SRk (Juglans mandshurica) FhT 09 H )
BERR, XEEHFRY], ARG 520 B &
kAT 20 ) 6 I R B 4% - (Vander Wall, 1995a,
1998, 2000) .

Vander Wall (1993a, 1995a, 1998, 2000) 7&
WA TR (VIR) PRy s
KX RIS T B WA W RN~ 1 i
SAEFAMT, HTE KX S YRS A ]

oM, kD SCES RS (Yioer ol , 2013), Ny
W, ASHIESE DL/ 2422 s b DX DL AL B ( Tamias
sibiricus) SABFFERT S, TEN T HIARL R T ORI
FEAL RS . RN I T /K XA R AR LA T
M2, AT H B 1E R IR ORGSR s S
WY R P ER , SRR SR sh Y
] A iR, 2 M T RS
U IBTi iR

1 BT %

L1 WS KBRS 4

ABFGET 2012 4 9 F AR R I VL AR PR T
MR AR DT LR AT o MRG0 T IR BT AR L
B, N RS (AR5 128°57716” - 129°1750",
Jb4h 46°50'8" - 46°59'20") , LMLy 3, N
GE . ReETER 1 050 m, SR fIRHEFK 250 m, 24
FERIR1.4C, AP IEARAE -19.4°C, o
SR -40°C (1 H BA)) 5 AP35 & AR 20.9C
(7T ), s <l 37°Co 4F =10C R 2 156C,
AR KR 660 mm, AAFETCFEI 115 d. # 0L
W R EKE (Betula platyphylla) . BAHERK (Juglans

mandshurica) . 2 o8k ( Quercus mongolica) . £IL¥}
( Pinus koraiensis ) . /K i ¥l ( Fraxinus mandshuri-
ca) . wf (Phellodendron amurese) FIHEA (Acer
mono) %, W N J7 A FHE ( Corylus heterohpyl-
la) . F#& (Corylus mandshurica) . HME T ( Fructus
schisandrae) F1 ] 7.0 ( Acanthopanax senticosus )
S NI (Apodemus pen-
insulae) . FEHFKE ( Clethrionomys rufocanus) . 4F K
(Tamias sibiricus ) F1ZLHA B ( Sciwrus vulgaris) 55
(FE775R4E, 2011, Liu et al. , 2013),

W UE Tm51A B (Rodentia ) # SR} ( Sciuridae )
FERUE (Tamias) , AR MREKZ 11 - 15 cm,
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AR, MR, B IR (25 em x
11 em x 9 em) 100 4~(10 x 10, ZE ] #E 5 m) LIgE
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MEFETARIERE (50 cm x 35 em x 20 cm), R
i AR JE AR AE IRz o FEHEFE L LI T R
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JAMI(ER 16 h, % [8] 8 h) o Rl — 5 e T 585,
1.2 Sk
1.2.1 [IREIt

FERFFEHL I, #2579 NE N EIF: (120 em x
50 cm x 60 cm); FEAZEHL 15 cm £bFHA— K T
B, BT 6 Mtk b, BRI, RNEHAER., KT
M XA G 18 AN EIAL, TR EE RS (AF
T 8 em, HAES em), MR TE S AN
7o AT B mAAERES) (B 1),

K1 sENERRER

Fig. 1 Mlustration of indoor enclosure
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(2011), SLTRBEREIN, A8 SRR B H R ) LB AR (F

S, HHUEUR BEXTAE BR AR SR AT Y 5
2N 18 MR F RV T (HGKEA N 8%, &
HEMR P BERLIAS: L e RE AR R R AP 2 (H) , 28
P16 N0 0 4 41, Bk 2H Bl LI B VR I
L 2cm, 4em, 6 cm, FRPAIIA LKA T
Pl 2 DARFABUE L, A 1T HSER L, S0
BEUURAEIE 12 h, 2 -3 h Jgeit 46 UL A
i S Y AL, 3R 18 AR L (4 6,
149, SFEH{AHE (mean + SE): (74.82 + 3.01)¢g
MR TS5

S, MR RN AR R TR B B
FIRZ N 18 MM T F (BKEA N 8% ), ik
FE16 DT R 4 A, T3 LLAN TR+ 1Y
By VR L 20k0, 3kL, 4k, HEETRIE 2 cm
(LU AL B W IR TR ), R4 2 A
TR, AT RS, 2 -3 h JGeit4ERL
RBLELHA R HE A R T 00, S 27 HOsUAE AR B
(68, 219, FH{KE (mean + SE). (75.16 =+
2.10) g M T8

SEYG =, HE T K X AR BRI R 5
Wi . R 18 AR T3 AP, 2 R B AL
S HEAEA AR RS (Yi et al. , 2013) 733
AR LN 3% F1 14% B VbF-1F Ry 3L o
BB S E B I WIUREE (292 em) , BT
PR 1 R LTAAR o A1 RS, 2-3h )5
GeitAe BT R A I AZ A e k27 HOARE
R (66, 21 2, FIKE (mean + SE):
(75.16 £2.10) g MAF T8
1.3 St 550

% JH SPSS for Windows ( Version 16.0) #x{4-X}
SRR IAT G o T PR AR BURE A
s/, R AR BRAE A S T 0 e IR A )
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B8 BRUR BN R IR B . /N R o 33 7K I
MR ESA BE 2R,

2 H#XR

MATH B SEE N1 em, 2 em, 4 em
6 em i, 8 B & BV Y L9 S 94.4% +
3.2% . 80.6% +7.2% . 16.7% +5.7% 1 15.3%
£5.8% (mean+SE, n=18) (K 2A). &M

1 cm

=44.413, df=3, P<0.01) . ZH[E] PP LLESRDT,
HEGEE SR E R 1 em 12 em I ATk & BI04 LA
BET4em M6 em (P<0.01), 24 A THIEK SN
FhFoh 1 okE, 2 k0, 3 BRI 4 kiR, 48 B0 08 il
T FE5 5 R 36.1% +6.5% . 30.6% =+
4.9% . 36.1% +5.6% F163.0% =4.5% (mean +
SE, n=27) ([&2B), K&K/ NEIE N,
R T R B ET & (F=7.253, df=3, P<
0.01), ZHiH LB LR 4 R LT A Fh It
MR F R0 T LR, 2 KMl 3 kL (P <
0.01), ZEARE/KE R &K Em T, 18X
TR TR R 45.3% +6.2% F 74. 4% +
4.6% (mean +SE, n=27) (K 2C), £2REF
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Fig. 2 Effects of cache depth, cache size and water content of sub-

strate on seed discovery by Tamias sibiricus
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3 itk

IR EE A0, 6 R & B 6 A5 A L ] 5 3L
WIS RETANDC, SRR MR &K &
FIEAG, - g sh )l DUl g . loe . =5
[ CAZ BR R VA7 48 25 22 Fh 5 2Ok S84k [l i)
B Y (Vander Wall, 2000; Clarke and Kramer,
2003; Winterrowd and Weigl, 2006; Steele and
Bugdal, 2011) ; WA sh#) £ 2 RERE T EY
5% &5 (Stapanian and Smith, 1978; Vander Wall,
1990, 1998; #5 K WI, 1996; 5K k5 F ok i M,
2007) , EWIEHE ST HUR B AL A5 S 5R 55 X S
IS BV RS B, HGEIR A
SRAFS W55 T AN 2y 1 5 B0 I A6 T 7 e T8 31
i, MEME/NEE B (Leopoldamys edwardsi) FIAE B,
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2004 ; SKUESEFNTKR AN, 2006) , FE FUAKEE IR 58 £
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2003) ,
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Jorgensen, 1981), A7 By T W th 3 ¥y #& T I3 s
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(Rusch, 2011),
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Wall, 1994, 1995b; Vander Wall and Joyner,
1998; Yi et al., 2013 ), Vander Wall ( 1995b,
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(Hollander et al., 2012; Paulsen et al. , 2013),
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(Jorgensen, 2001; Paulsen et al. , 2013), f#if50t"
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1993b; Paulsen et al. , 2014)
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