
动物学报 51（3）：376 -382，2  5
Acta Zoologica sinica

Received Dec .27，2  4；accepted Mar .  8，2  5
!This research Was f unded by the grants fromthe NSFC Key Proj ect（No. 3 43 13 ），t he Key Proj ect（No. G2    468 2）of t he Ministry of

Science and Technology of China，and the Key Proj ect（No. KSCX2- SW-1 3）of t he Chinese Acade my of Sciences
!!Corresponding author . E- mail ：zhangzb!ioz. ac. cn
动物学报Acta Zoologica sinica

Food- hoardi ng behaViour of DaVi d s rock sIuirrel Sciurot amias da-
vidianus !

LU ji- gi 1，2，3，ZHANG Zhi- Bi n1!!

1 . State Key Laboratory of Integrated Manage ment of Pest Insects and Rodents，Instit ute of Zoology，Chinese Acade my of Sciences，

Beiji ng 1   8 ，China

2 . Depart ment of Bioengineeri ng，Zhengzhou University，Zhengzhou 45   1，China

3 . Graduate School of t he Chinese Acade my of Sciences，Beiji ng 1   39，China

Abstract Food storage is an i mportant adaptation of some ani mal species to t he temporal variation or unpredictable f ood
supplies . David s rock sCuirrel sciurotanias dauidianus occurs i n mountai nous and hilly areas of nort h Chi na . Food-
hoardi ng behaviour of t his species Was unknoWn . We set up f our semi- natural enclosures i n t he Dongli ngshan Mountai n
area near Beiji ng，and i nvesti gate t he hoardi ng strategy of 12 David s rock sCuirrels and their response to perceived pilf er-
age on seeds of Walnuts Juglans regia and Wild apricot Prunus ar neniaca . The results shoWthat ：1）David s rock sCuir-
rels hoarded food items i n both larder and scatter patterns but more items Were scatter hoarded；2）When confronted by
perceived pilf erage on hoarded food，David s rock sCuirrels i ncreased both larder hoardi ng and scattered hoardi ng；3）none
of t he seeds of Wild apricot and Walnut Were eaten at t he feeder . David s rock sCuirrels consu med more seeds of Wild apri-
cot t han that of Walnuts outsi de nest boxes；4）David s rock sCuirrels only scatter hoarded Walnuts；and 5）seeds of Wal-
nuts Were transported greater distances t han that of Wild apricot . The result suggests t hat David s rock sCuirrels might play
diff erent roles i n natural regeneration of Walnuts and Wild apricots［Acta Zoologica sinica 51（3）：376 -382，2  5］.
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摘 要 食物贮藏是许多动物对不可预见的食物供应变化的一种重要适应。岩松鼠（sciurotanias dauidianus ）
为中国特有物种，广泛分布于华北地区的山地和丘陵地带。作者在北京市东灵山地区建造半自然围栏（4 m>
3 m> 1 m），以核桃（Juglans regia ）和山杏（Prunus ar neniaca ）种子为备选食物，对岩松鼠（12 只）的食物贮
藏行为进行了研究。数据的统计分析采用SPSSfor Wi ndoWs 进行。研究结果表明：1）岩松鼠表现出集中和分散
两种食物贮藏方式，而分散贮藏是其偏好的贮藏方式；2）当遇到贮藏食物被盗窃时，岩松鼠倾向于搬运更多的
食物进行集中和分散贮藏；3）岩松鼠没有在食盘就地取食任何一种食物；把食物搬离后，岩松鼠所取食的山杏
种子数量明显多于所取食的核桃数量；4）岩松鼠只选择核桃进行分散贮藏；5）岩松鼠对核桃的搬运距离大于
山杏种子。本研究结果提示，在自然条件下，岩松鼠对核桃和山杏的天然更新起着不同的作用［动物学报 51
（3）：376 -382，2  5］。
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Hoardi ng f ood f or later consu mption is a common
f oragi ng tactic used by a Wi de variety of taxa . Food

caches are distri buted i n a variety of Ways，f rom
highly clu mped to highly dispersed . The extre mes of



t his spectrum of cache- dispersion patterns have been
ter med larder hoardi ng and scatter hoardi ng（Smit h
and Reichman，1984，revieWed by Vander Wall ，
1990）. Sci uri d rodents，a large and diverse rodent
f amily，are among the most st udied f ood hoarders .
Among tree sCuirrels，hoardi ng behaviour by red
sCuirrels Sciurus Oulgaris （Rice- oxley， 1993；
Jiang，1995；Wauters and Casale，1996；Lee，2002；
Wauters et al .，2002）；grey sCuirrels Sciurus caroli-
nensis （Thompson and Thompson，1980；Kraus，
1983）；f ox sCuirrels Sciurus niger （Nixon et al .，
1968；Stapanian and Smit h，1984 ）and Japanese
sCuirrels Sciurus lis （Tamura et al .，1999 ）have
been i nvesti gated . Food hoardi ng benefit ani mals by
i ncreasi ng f ood availabilit y duri ng Wi nter and early
spri ng（Wauters et al .，1995，2002 ），and t he pat-
terns of hoardi ng decreases t he li keli hood that ot her
f oragers Will fi nd t he f ood（Anderson and Krebs，
1978；Smit h and Reichman，1984；Stapanian and
Smit h，1984；Brodi n and Ekman，1994）.

MacDonald（1976）suggested t hat t he li keli hood
of pilf erage deter mi nes cache strategy，Which is i n
t urn aff ected by t he age，sex，reproducti ve stat us
（Clarke and Kramer ，1994）and domi nance stat us of
t he f ood hoarder（Jenki ns and Breck，1998 ）. Food
characteristics can also aff ect hoardi ng decisions made
by ani mals . For example，ani mals usually carry t heir
pref erred f ood items f urt her to hoard item（Tamura et
al .，1999；Lee，2002；Vander Wall ，2003）. in ad-
dition，diff erent rodent species may play diff erent
roles i n seed f ate and seedli ng recruit ment ，Which i n
t urn may depend on tree species . FeW experi mental
st udies have f ocused on ani mals selecti ng and hoardi ng
nuts of diff erent tree species Wit h diff erent size and
energy content .

Davi d s rock sCuirrel Sciurotamias daOidianus
occurs Wi dely i n mountai nous and hilly areas i n nort h
Chi na，t hey are semi-aboreal and i nhabit relati ve open
habitats such as broad-leaf ed f orests，conif er f orests，
orchards or scrub（Shou，1962；Chen et al .，2002）.
in a si milar Way to ot her temperate tree sCuirrels，
Davi d s rock sCuirrels do not hi bernate，and are di ur-
nal Wit h acti vit y peaks i n early morni ng and late af-
ternoon . Davi d s rock sCuirrels pref er to eat oleagi-
nous seeds and nuts of Chi nese pi ne Pinus tabulae-
for mis ，Walnuts Juglans regia ，Wild apricots Prunus
ar meniaca（Shou，1962；Chen et al .，2002 ）. We
expect t hat t hey scatter hoard f ood to survive periods
of f ood shortage i n Wi nter and early spri ng，and to
prevent t heir hoarded f ood from bei ng taken by other
i ndivi duals of t he same and diff erent specires . Chen et
al .（2002）has suggested t hat t hey store some nuts i n
tree holes . ~oWever ，t he details of f ood hoardi ng be-
haviour by Davi d s rock sCuirrels remai ned unknoWn .

We conducted a series tests to develop an under-

standi ng of hoardi ng behaviour of Davi d s rock sCuir-
rels，and to get some i nsi ght i nto t he role of sCuirrels
i n tree regeneration under natural conditions . The
study ai ms：1 ）to descri be t he hoardi ng behavior of
Davi d s rock sCuirrels（larder vs scatter hoardi ng）；2）
to test hoW sCuirrels respond to perceived pilf erage of
t heir hoarded f ood；and 3）to i nvesti gate diff erence of
cachi ng behavior of sCuirrels on nuts of t Wo tree
species .

1 Material and met hods
1.1 Study site

The study area，Liyuanli ng village（40 00/ N，
115 30/ E）i n Mentougou District ，lies at an elevation
of about 1 100 m and about 120 km nort hWestern
Beiji ng，Chi na . This area belongs to t he Donli ngshan
Mountai n region and has a War mtemperate conti nen-
tal monsoon cli mate . The local ecosystem had been
severely dist urbed due to extensive Wood cutti ng and
grazi ng by li vestock f or al most a century . Si nce t he
1990s，all villagers have been vacated f romthe village
f or restoration and conservation of local ecosystem.
Liaodong oak @ercus liaot ungensis ，Wild apricot P .
ar meniaca ，Viteo negundo and Prunus daOidiana
are common shrubs . Under shrublands，Ely mus eo-
celsus ，Poa spp .，Elsholtzia stauntoni are common
grass species . Larch Lario PrinciPis-ruPPrechtii and
Chi nese pi ne P . tabulaefor mis have been planted i n
small areas by a local ref orestation f ar m. Wild apricot
typically set f ruits f rom June to August ，While Wal-
nuts J . regia are available f rom September to octo-
ber . The area is Wit hi n t he natural distri bution of
Davi d s rock sCuirrels（Shou，1962；Chen et al .，
2002）.
1.2 Enclosure design

Four separate outdoor enclosures（4 m> 3 m>
1 m）Were constructed usi ng iron sheets i n a flat a-
bandoned f ar mland . To prevent experi mental ani mals
f romescapi ng，t he f oot of iron sheets Was buried 30
cm and the top of enclosure Was covered Wit h Wire-
meshes（2. 5 cm > 2. 5 cm i n mesh size）. All t he
vegetation Was removed leavi ng t he enclosure floor
barren . A Wooden nest box（30 cm > 20 cm > 20
cm），With a Water bottle attached，Was placed i n one
corner i nsi de enclosure . All f ood items Were placed i n
a Wooden feeder（25 cm> 25 cm> 1 cm）located i n
t he enclosure center . The central f eeder location
f orced subj ects to cross open space to get f rom the
nest box to t he f ood source and from the f ood source
to potential sites f or scatter hoardi ng . Enclosure Was
divi ded i n f our Cuadrants Wit h t he f eeder as t he ori gi n
i n ease of mappi ng cache location .
1.3 Experi mental ani mals

TWelve adult Davi d s rock sCuirrels（6 males，6
females），With mean（ SD）body mass of 264  
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25 g f or males，and 247  28 g f or f e males，Were
li ve captured from t he study area . their previous di-
etary eXperience Was presu med to have consisted pri-
marily of t he predomi nate vegetation . when captured
ani mals Were Weighed，eXa mi ned to ensure t hey Were
healt hy and to deter mi ne gender and tagged f or subse-
Cuent i dentification . all subj ects Were i ndivi dually
mai ntai ned i n cages（45 c m> 30 c m> 30 c m）spe-
cially made of Wire mesh（2. 5 c m> 2. 5 c mi n mesh
size）. the room Where ani mals Were housed Was kept
on natural photoperiod . ani mals Were f ed ad libit um
Wit h‘non-test f ood ，mi Xed pellet f odder f or rabbits，
and dri nki ng Water .
1.4 Nut collection and marking

Food ite ms off ered sCuirrels duri ng t he study
Were seeds of Wild apricot and Walnuts . duri ng fruit-
i ng periods（July and Septe mber ），matured i ntact
seeds of Wild apricot and Walnuts Were collected，and
kept her metically until eXperi mental use . we selected
t hese t Wo nuts because t hey are Wildly available，and
i mportant i n t he diet of davi d s rock sCuirrels at t he
st udy area，and because t hey are relati vely large and
easy to eXperi mentally mani pulate . SCuirrels caught
i n t he area Were presu med to have had prior eXperi-
ence Wit h bot h t hese f ood ite ms . walnut is much big-
ger t han seed of Wild apricot ，and t heir f resh mass
Were 10. 74  1. 42 g（7 = 50）and 1. 19  0. 17 g
（7 = 50），respecti vely . I ndivi dual nuts Were marked
f olloWi ng Zhang and wang（2001 ）. ti ny hole Was
drilled at t he spi ne of each seed，and s mall ，li ght ti n-
tag（3 c mlong and 1 c m Wi de）Was connected Wit h
fi ne Wire of 3 c mlong . the tags Were coded usi ng a
sharpen metal- pen . tags Were easily seen after t he
seeds buried by sCuirrels because t he tags Were left on
t he ground surf ace . weight of t he metal tags（0. 1 g）
Was negli gi ble relati ve to t he Weight of t he f ood ite m.
For mer st udies i ndicated t hat attachi ng t hese tags di d
not si gnificantly i nfl uence t he transport and burial of
tagged seeds by rodents（Li and Zhang，2003）.
1.5 Experi mental procedure

the study Was carried out duri ng Septe mber -
October，2002 . a ani mal Was randomly assi gned to
one of t he 4 enclosures . ani mals Were f ood deprived
f or G hours prior to bei ng placed i n t heir respecti ve
enclosure and alloWed 3 hours to adapt to t heir neW
environ ment . to avoi d potential conflict Wit h t he dai-
ly acti vit y peak，sCuirrels Were put i n enclosure at
13：00 on t he first day（day 0）. ten marked Walnuts
and 20 seeds of Wild apricot Were t hen placed i n each
centrally located f eeder . at t he sa me ti me of t he neXt
day（day 1），all f ood ite ms Were eXa mi ned and loca-
tion of moved and buried f ood ite ms Were i dentified .
Food ite ms Were recorded as fitti ng one of 5 categories
as f olloWs：EI-eaten i7 sit u ，t he tagged seeds Were
eaten i n t he f eeder ；ER-eaten after re moval ，t he

tagged seeds Were eaten on ground surf ace after re-
moval ；B- buried，t he tagged seeds Were buried i n soil
i nsi de enclosure；EN-entered nest ，t he tagged seeds
Were transported i nto nest- boX；aS-abandoned on t he
surf ace，t he tagged seeds Were abandoned on ground
surf ace after re moval .

after checki ng and recordi ng，all f ood ite ms
Were re moved fromenclosures，Which si mulate pilf er-
i ng on hoarded f ood by ot her sCuirrels . the proce-
dures Were t hen repeated Wit h neW Wild apricot seeds
（20 ）and Walnuts（10 ）. Subj ects Were re moved at
t he end of each trial and t he nest boX，f eeder ，and
t he enclosure Were t horoughly cleaned . an additional
4 sCuirrels Were t hen randomly assi gned to t he enclo-
sure and t he test Was repeated . Subj ects Were tested
only once . duri ng t he t hree day s eXperi ment （day
0 -day 2），12 subj ects Were tested，and a total of 20
Walnuts and 40 Wild apricot nuts Were off ered to each
subj ect .

we defi ned t hose f ood ite ms transported i nto
nest- boXes as larder hoardi ng，While any f ood ite ms
buried i n soil Wit hi n enclosures as scatter hoardi ng
（Smit h and Reich man，1984；Vander wall ，1990；
Jenki ns and Breck，1998）.
1.6 Statistical analyses

SPSSf or wi ndoWs（version 10. 0）Was e mployed
f or statistical analyses . wilcoXon test Was used to
compare t he diff erence：1）i n t he nu mber of Walnuts
bet Ween larder and scatter hordi ng；2）i n t he nu mber
of larder hoarded nuts of Wild apricot and Walnuts；3）
i n t he nu mber of re moved f ood ite ms fromfeeder be-
t Ween day 1 and day 2；4）of scatter- hoarded Walnuts
bet Ween day 1 and day 2；and 5 ）of transportation
distance of seeds of Wild apricot and Walnut aban-
doned on surf ace . Paired-sa mple t test Was used to
deter mi ne t he diff erences，bet Ween day 1 and day 2，
of t he transportation distances of buried f ood ite ms .
Chi-sCuare test Was used to deter mi ne Whet her t he
buried f ood ite ms distri bute randomly a mong f our
Cuadrants Wit hi n enclosure or not ；1 sa mple Kol-
mogorov- Smirnov test Was used to eXa mi ne Whet her
t he distri bution pattern of transportation distance of
buried Walnuts Was nor mal . we di d not compare t he
diff erence of t he nuts eaten i n nest because of t heir
f eW nu mbers .

2 Results
2.1 Hoarding strategy

From day 0 to day 1，none of t he seeds of Wild
apricot and Walnuts Was eaten i n t he f eeder （EI ）.
Significantly more Walnuts Were buried （B ）
（32. 50 %）t han t hose transported i nto nest boX
（EN）（2. 50 %）（wilcoXon test ，Z = -2. 117，P =
0. 034）. None of t he nuts of Wild apricot Was buried
t hough several Were taken back to nest boX（table

873 动 物 学 报 51 卷



1）. sCuirrels took more（2. 5 %）walnuts t han seeds
of wild apricot （ . 42 %）i nto nest box（Wilcoxon
test ，Z = -4. 122，P =  .    ）. Nonet heless，some
sCuirrels used a larder strategy as some f ood ite ms
were taken i nto nests . Those walnuts were usually
buried alone；no caches were f ound wit h more t han a
si ngle walnut . Buried walnuts were not randomly dis-

tri buted a mong Cuadrants （Chi-sCuare test ，!2 =
8. 7864，df = 3，P =  .  32 ）（Fig. 1 ）. The mean
distance bet ween t he f eeder and buried walnuts was
171. 77  39. 34 c m（Table 2 ），and t he distance
walnuts were moved fit a nor mal distri bution pattern
（Kol mogorov- smirnov test ， Z =  . 799， P =
 . 547）.

Table l Fate of nuts handled by l2 DaVid s rock sIuirrels on day l

Nut types
Behaviour categories

Entered nest Buried Abandoned on surf ace Eaten in sit u Eaten after re moval

Walnut Mean  SD  . 25   . 62 3. 25  3. 84 1. 67  2. 67   .  1   . 29

Range  -2  -1  -9   -1

Total nu mber of seeds 3 39 2  1

Wild apricot Mean  SD  .  8   . 29  2. 25  2. 18   . 25   . 87

Range  -1   -6   -3

Total nu mber of seeds 1  27  3

Table 2 Statistic of transportation distances of b and AS food items

Ti me Food ite ms n
Buried Abandoned on surf ace

Mean  SD（c m） Range（c m） Mean  SD（c m） Range（c m）

Day 1 Walnut 12 171. 77  39. 34 9 -235 139. 95  89. 44 5 -245

Wild apricot 12   49. 96  65. 45 4 -23 

Day 2 Walnut 12 154. 13  48. 64 27 -246 148. 3  85. 37 5 -237

Wild apricot 12   77. 26  79.  5 4 -23 

Fig.l Distribution pattern of nuts of walnut buried by DaVid s rock sIuirrels wit hin the enclosures
Feeders was placed at center wit h a coordinate of（ ， ），t he nest box was placed at top left corner .

2.2 Response to si mulated pilferage on hoarded
food

On day 2，all f ood ite ms were re moved，which
si mulated pilf eri ng by ot her sCuirrels . The result
shows t hat Davi d s rock sCuirrels，when confronted
by perceived pilf erage on hoarded f ood，changed t heir
hoardi ng strategy accordi ngly . They conti nuously
scatter hoarded more walnuts（37. 5 %）t han larder
hoarded（3. 33 %）（Wilcoxon test ，Z = -2. 371，P
=  .  18 ）. Overall ，sCuirrels re moved significantly

more walnuts f romfeeders on day 2 t han t hat of day 1
（Wilcoxon test ，Z = - 1. 793，P =  .  49 ）（Table
3），and nuts of wild apricot was transported i nto nest
on day 2（Table 1）. ~owever ，t here was no signifi-
cant diff erence on re moved seeds of wild apricot be-
t ween day 1 and day 2（Table 2 ）. Though Davi d s
rock sCuirrels took more walnuts on day 2，but t he
diff erence bet ween t he t wo days was i nsi gnificant
（Wilcoxon test ，Z = - . 527，P =  . 598）. scatter-
hoarded walnuts were not randomly distri buted（!2
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=ll. 7975，df =3，P =0. 008）（Fig. l ）. Mean dis-
tance sCuirrels buried walnuts f rom the f eeder on day
2 was l54. l3  48. 64 cm（Table 3 ），and t his dis-
tance was shorter t han t hat of day l（t he diff erence
was i nsi gnificant but t = 2. 00l ，df = 38，P =

0. 053），and fit a nor mal distri bution pattern（Kol-
mogorov-smirnov，Z = 0. 74l ，P = 0. 643 ）. cache
size of walnuts on day 2 agai n was li mited to a si ngle
walnut . Agai n none of seeds of wild apricot trans-
ported by sCuirrels on day 2 was buried .

Table 3 Fate of nuts handled by l2 DaVid s rock sIuirrels on day 2

Nut types
Behaviour categories

Entered nest Buried Abandoned on surf ace Eaten in sit u Eaten after removal

Walnut Mean  SD 0. 33  0. 65 3. 75  3. 96 2. 75  3. 02 0 0

Range 0 -2 0 -9 0 -5 0 0

Total No . of nuts 4 45 33 0 0

Wild apricot Mean  SD 0 0 2. 92  l. 62 0 0. 50  l. 00

Range 0 0 0 -5 0 0 -3

Total No . of nuts 0 0 35 0 6

Fig.2 Percentage distribution of food items abandoned on the top of surface within enclosures
Letters a and b showthe results of day l and day 2，respectively .

2.3 Difference of treat ment bet ween t wo food items
Davi df s rock sCuirrels behave diff erently i n han-

dli ng walnuts and seeds of wild apricot ，t hey larder
hoarded both t wo nuts i n nest box，and only walnuts

were scatter hoarded（Table l ，Table 2 ）. subj ects
di d not eat any of t he t wo f ood items in sit u ，but
consumed（ER）more seeds of wild apricot（l. 25 %）
than walnuts（0. 83 %）on day l（Wilcoxon test ，Z =
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-3. 011，P = 0. 003 ）and day 2 （Z = - 3. 697，
P =0. 000）（0. 00 % and 0. 25 % f or walnuts and wild
apricot，respecti vely ）when taki ng nuts a way from
feeder . the mean distance bet ween t he f eeder and AS
seeds of wild apricot was significantly shorter t han
t hat of walnuts on bot h day 1（Wilcoxon test ，Z =
-2. 696，P = 0. 007）and day 2（Z = -3. 234，P =
0. 001）. there were 70. 37 %（day 1）and 51. 43 %
（day 2）seeds of wild apricot were abandoned on sur-
f ace wit hi n 30 c m from t he f eeder（Fig. 2），i ndicat-
i ng sCuirrels took larger and t he pref erred f ood ite ms
longer distance t han s maller ones .

3 Discussion
the results of our st udy show t hat Davi d s rock

sCuirrels（S . daoidianus ）exhi bit t wo patterns of
f ood hoardi ng，and t hey mai nly hoarded f ood i n scat-
ter manner . the stored f ood might play an i mportant
role i n t he late wi nter and early spri ng wit h poor f ood
supply because Davi d s rock sCuirrels do not hi bernate
（Shou，1962；Chen et al .，2002 ）. the sCuirrels，
even i n a confi ned space，tend to hoard f ood ite ms
wi dely . the result confir med t he previous observation
（Chen et al .，2002），and was accordant to t he result
t hat tree sCuirrels are typical scatter- hoarders（Van-
der Wall ，1990；ta mura et al .，1999；Lee，2002）.
On t he ot her hand，scatter hoardi ng is a f aster means
of seCuesteri ng f ood （Hart ，1971 ）. Davi d s rock
sCuirrels store f ood i n an manner si milar to Nort h
American ground sCuirrels（SPer moPhil us ），not li ke
tree sCuirrels（Sciurus ）（Vander Wall ，1990）.

When confronted by si mulated pilf erage on
hoarded f ood，Davi d s rock sCuirrels changed t heir
hoardi ng strategy . they took more walnuts a way
from feeder eit her f or larder hoardi ng or scatter
hoardi ng . Si milar results were reported i n ot her
species . For exa mple，eastern chi p munks Tamias
stiat us t ypically larder hoarded t heir f ood i n home
burrows，but i n a provisioni ng experi ment ，t he f e-
males wit h young and t he j uveniles scatter hoarded
（Clarke and Kra mer ，1994）. the pilf erage on hoard-
ed f ood existed wi dely i n t he field（Vander Wall ，
1995）. Merria m s kangaroo rat shifted f rom mostly
scatter hoardi ng to mostly larder hordi ng strategy af-
ter t heir caches were pilf ered（Preston and Jacobs，
2001）.

Davi d s rock sCuirrels discri mi nati vely treated
t wo species of nuts diff erent i n size，t hey f ailed to
scatter hoardi ng seeds of wild apricot t hough ate sev-
eral of t he m. this suggests t hat ，i n t he context of
t he experi ment ，seeds of wild apricot were not very
attracti ve to sCuirrels，even if t he t wo f ood ite ms
were available here，and t he f oragi ng task was easy
because f ood ite ms were placed at f eeder . So we t hi nk
t hat several ot her f actors t han f ood availabilit y are

known to i nfl uence ani mal s f ood hoardi ng behavior .
Food Cualit y is one such f actor （ta mura et al .，
1999）. Compared wit h seed of wild apricot ，walnut
is larger ，and t heref ore more nutritious and deserves
to hoard by ani mals . in ot her words，i n one cachi ng
bout，ani mal will gai n more benefits f rom selecti ng
walnuts . eurasian red sCuirrel S . oulgaris also se-
lected f ood ite ms of hi gh energy content f or hoardi ng，
i n preparation f or wi nter and t he breedi ng season
（Lee，2002 ）. except f or diff erence on nutritional
composition，seeds of wild apricot and walnuts diff er
obviously i n size . Scatter hoardi ng ani mals are more
li kely to eat s mall seeds and are more li kely to hoard
larger seeds （Vander Wall ，2003 ）. Forget et al .
（1998）carried out a st udy on t he eff ects of（conspe-
cific ）seed size on cachi ng behaviour of agoutis
DasyProcta Punctata and ot her rodents on Barro Col-
orado island，Pana ma and f ound t hat predation of t he
s mallest seeds（!1 g）was usually eCuivalent to re-
moval . Jansen et al .（2002）f ound t hat t he probabili-
t y of red acouchies MyoProcta exilis eati ng，rat her
t han cachi ng，CaraPa nuts i ncreased wit h decreasi ng
seed mass .

Anot her f actor may be t he handli ng ti me of f ood
ite ms（Jacobs，1992）. the handli ng ti me f or a wal-
nut will be longer t han t hat on a seed of wild apricot
because of larger size and t hicker seed coat . in t he
field，handli ng ti me is i nevitably related to predation
risk（Clarke and Kra mer ，1994；Li ma，1998）. this
result might i ndicate t hat ，under natural conditions，
Davi d s rock sCuirrels consu me more wild apricot
seeds i n short ter m，while store walnut f or later use .

the mean distance of moved walnuts was greater
t han t hat i n seeds of wild apricot . Some ot her st udies
also showed si milar results，f or exa mple，red sCuirrel
Tamiasciurus hudsonicus （Hurly and Robertson，
1987 ），yellow pi ne chi p munks Tamias amoenus
（Vander Wall ，1995 ），Japanese sCuirrel S . lis
（ta mura et al .，1999），and Merria m s kangaroo rats
DiPodomys marriami （Leaver and Daly，1998 ）
hoarded t heir pref erred f ood ite ms at a larger distance
f romt he source . On t he ot her hand，hoardi ng f urt her
a way may be advantageous f or sCuirrels because lower
risk of pilf eri ng（Vander Wall ，1990；ta mura et al .，
1999）. in general ，Davi d s rock sCuirrels will trans-
port and hoard larger energy-rich f ood ite ms i n longer
distance . the i mplication of our st udy is t hat Davi d s
rock sCuirrels may play a positi ve role i n regeneration
of walnut tree t hrough scatter hoardi ng，while play
s mall role i n f acilitati ng natural regeneration of wild
apricot . this issue deserves i n- dept h research i n t he
f ut ure .
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t heir help i n t he preparation of our st udy .
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