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The Influence of Social Interactions on the Pattern
of Scatterhoarding in Red Squirrels
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¥ C & K

7 +$ (Fagaceae) ®7 /v I # (Juglandaceae) 7c & DERE L~V B (Pinus) ODHDOK
REBRET SN ABABREN L, BMEE TTARTOENBALEELDLR TR, &£
Bith 5 A8 (Corvidae) »BEAEHE (Rodentia) 7 & DEMA L bR ER, KT
TERX o THAAIR TS Z &R B AT T - T &7 (TURCEK & KELS0 1968, VAN-
DER WALL & BALDA 1977, STAPANIAN & SMITH 1978, BOSSEMA 1979, JENSEN 1982), Zh
SO IRERCETYVETOEL OB TS, hi#l& (scatterhoarding)
W, BEPLFEECENBEICEDDZ LASL, BCREBEERL (FET22L30D
5 Enh, BIROEFETHHREBMOEMENFM IS X 5tk TE T,

hE THREOMRIC » T E D RERKEGECEIRGE, k& BIROBIEET,
R (R 05 R 1B 5 %12 STAPANIAN & SMITH (1978), CLARKSON ef al.
(1986) 7t EFA R, T OBBERIETOSHBR L EERRL, RF, EEROEHHKD
SRR EE LD S L TELD TEELRBETH 5,

o TAHRE, tEETEHAETFORLETERFEREBAETH D =Y A (Sciurus
vulgaris ovientis) % & D BV, MAKBRBLAEACHI B =V ) ROFBRITHOBHENDL,
FOEBRTBHOERLER I ETFOFEERLESrICTHZ LB E LT,

WEbE L UMBFE

AEIIEBE XY BB E /MO EER T - 7. MEEMKE, # 680 ha O ATHK
B < # 2,000 ha »% 3 X+ 5 (Quercus mongolica var. grosseservata), <+ 7 / % (Tilia japon-
ica), ~V*Y (Kalopanax pictus), 1 2 ¥ » =5 (Acer mono), 7 * & € (Fraxinus
lanuginosa), V7 v 5 (Carpinus cordata), 7 X% 7 < (Sorbus alnifolia) 7 ExFETH
BEEKEBRKTHY, chichThic=" <> (Picea jezoensis) WRZT 5, KR~ 58

(Dryopteris spp.) 2\ELE L, I =2+ Y (Sasa nipponica) & A X £ i (Sasamorpha borealis)
DEERICEEL T B, ATHOX ciEizn 5 <> (Larix kaempferd), + ¥ = (Abies
sachalinensis), 2 —wv v 5t vt (Picea abies) s DHERTH S,

FEM AR AL A) LEERK GREMB) 02 »FTCREL o, REOFRIC
HEX 1 ETOBEBL, 8X30 ORBEXH > TEEANLBRB L. Fh b=V ) A xEFE5
THI, HoHUDMMRCERTSH=") RE4FRH D 77 (156X20X40 cm) iT & » THE
L, BEDOBGE, RELMIALOEGRT—FV 72T\, BE LI, RELREBIAD
EEROBE < REFILFEMA LI,

FEBA IHARO=— = v by eiERMT, RELALISBRLOTVAD, TEO
BMALEEYANL LTRE L AOERNSV-COBKERZ=" ) ARERL THLT,
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B 2 LR D LB SERD S — FF — T A~REHN D, HEIX19834E9 8 14 HITF
BL, ¥x23=av (Pinus parviflora var. pentaphylla) ERE 300 @, + =271 3 (Juglans
ailanthifolia) 58 400 8, t F 7 % (Aesculus turbinata) WE 50 EX B\ 7o, BEIHE X
hit 30 m D E#H 3 m OBEANL LT 1,

A B I RRAEBERERN T, 198210 B 7T HCEEYREL, ¥4 =3 yERE 300
B, A=71 IBR0ME +tvEr aBRE20Ay—BEELT, PLITSBHTHEL L,
F, ThONREBINTLESRILB6HMGFay ey I ay (Pinus kovaiensis) BRE
57 8% L3 oI L7, 1983410 B 24 H, BIELF UBATICA = 7 L I R 2,500 %2 —
BrEvic, BRIAFEL SES L) ENE 10m O/ETEET > 108, HERREEH S A,

& R

1. B&, s LUERSTEH .

FEREFEBLESEEORED S, =V ) ANRREMBELT > OBEIhicoF
g avERE, A=A iR FavevIavRR tvErea B0 4ET, FF/
FHRIIEE HREICBERIh Ao, 1oL, $Y~b4r A (Garrulus glandarius
brandti) i+ F 7 ¥ PRORKZIEWY, MOBLLEFE BEL TS TGERL, #
EITHED TR L .

=Y 2L, ¥2FavEREOEHBAYROALLIHCEALCETEIRIHL, Bl
Pl TR ERA L RN, i, REL 1ET <L TCERL, HBEF ol bk
RL%k, WELEETSHEITBETREED, b TWkRRYFHLE L/ IIZCE
HLTHULAAK, B ETORREISELXORS, BEDIEL, BRZELFIAIR,

A= NI BRITTEETREELIERSH, BRLLTFIAI A, BROKRR,
FERROBIKE > T, DATHD X5 CELE - TP E, BEEXSIORES> TANS (K
H 1987), BEOKFEIIF 2 = 2 vERE L BIERA UHETHbhi,

FavevTavREBOBRAEFERF 2T a v KRR LBERILTH A, FEIENR
otee ¥2 73 vHRBLEAIL LI KERROF IR TIHELH 54, —RIITT <IZEIR
Thic, £ OBE, ¥ THEATREOESHKOBHI (apophysis) XD 55T X TIXER
h, BLLERRRZORKS b2 TGERL, 2B 3 ERELGET R 2~4 BT otk
WoTRbz, BELLH6m OBEOBACHREL o, 1L A LHHPORE 2~3cm ©
EHEBRICIED 50, FRICEAD 2 7y ORI RKOBMBEORIZSFRL I, RELE V2O
EODBIIMLHE, B3 TEEEYRIEL, ThiK st BORRY (b TER
L, RRADE T b T THRIT BRI,

byEw o RBREREOE FERSI A, B ECHFRI W HETORRIBEEI L
oo
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R R BT 5 TENE, B ET - T A b ARCBRE I N, BRGME TR
OB LILTBELAENSTS 2 A5V, FBRBTANETLTERTSZ 55
feo BEINHEY IR TR HIhte, BRINCHERDILZOBTREZINE2DS
WIRBIOBICE ORI hi,

2. AR CH2TH
a) WEHBA

1983410 516 H, =—Fv 7 L=V ) R FP(# X, & 410 9 238 THE i,
*2 T avBREYEE BRLEDK, BELo*27avRRII0A6A2H10H 2408
FTH 9 AMIC 243 EAEAL, B 05T EIZ10 A 24 B CRT_THL THE LR
L, Mk L7 243 BORED > B, FP It X 2741 139 8, FP e X 2B AN 11 EHRE S h
Too DM X BEREDORAE, FREE - BEIhEh ot 122, HHBLARE
LY ~<#5 (Parus vavius) & =32 = v h 5 (Sitta ewropaea) HETFEZEEELTEHHNREX
hic,

FEINFPIt X 5 139 FOERBFTOEAN b OEREY Fig. 1 iR L, FPX#H
R 76 EEFERL, 2 HBLBC 63 EER L, £ T, ¥1B & 2 HAUBERAIL TRLT,
AREEES CEEREL, 2HEUBRIVESREHEL T3, &<, FIHIX40
mU EERE CAIEERL TWiRL, RIZEU 139 2T OFRBHT % 8 S TRL
DM Fig.2 THB, YANEEL RVEULADTRTOHEHERL TV 55, £ORKK
B EL SR> T\ B, LK, BBEHH 30m ML EBR R E A LI TT - T
W5 FESE L 2= BT 130 2 FT D 5 b, B B2 1 2R TR TN TP R I 5cm L
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Fig. 1. Dispersal distances of Japanese white pine cones by a
marked squirrel(FP) from a single source. The squirrel
hoarded 76 cones on the first day (shaded bars) and 63
cones after that (open bars).
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ML S hie, ok

B L7k 5 o 3 9 BREREIT L
CRAT BB, R 8 3 | %
BEshi, TORRRLLRRRE ° W[
12 8 14 BECIRTRTHELE, : 20+
$1, BRLLRESEEETSGH 10 I"‘l H
2511 EHEZE S hic, = v b3 F~<CHf ol —=T1 L[]
ACECERRERERL T L < s v " ‘ s
CER L THBERE L7 b DTh - 7o Direction

. Fig. 2. Dispersal directions of Japanese white pine cones
Teds, FP o3frR L7c3kR % 11 A9 B by squirrel FP from a single source. Shaded bars:

HHEERICHE L - MG A 3EE hoarded more than 30m ; open bars: hoarded less
than 30m from the source.

U THRELI, BRICEELICRKRRE

210 A 24 HECRTNCHB LA, PR IhAREGHE T L HFHI 2R

BLTW,

FP wwhnx C#FIE#k MG (+ <, 4E3B0g 11 A 9 Brb@E i, MG
BoF=rL  BREYERRELBDSE, ThETEofd A= 0 L ICBBILTE - 7o FP 24
ARRHB A tAD T, 400 BO+ =271 IBROS5 S, 366 Hii4 HEITHAL, Bol 34 B
Bk Ui, BRIk, FP i X 5 167 /8, MG iz X % 114 B0t 281 [HOK AR L h, FP
wr b6, MGizX s 5EDF 11 HORAENREI NI,

FHAEDLEHENE L KRBT 281 2705 b, 8 bFTABMETEY 3T THZH5cm
LIRO#HFTH e, BBRET > TV B R S v icBE 2 BURT 5 T84 FP 20 M,
MG 39 EIDE 59 BB S h, £ b X T XTHEER I hic, ZTO R CHlEE iR L cBR
OERA IR &b FP T 4[E, MG T22E% -7, Fig.3 3EHE»LOBEERR LMK - F
HREOHBEBNOSMOECERLLETH S, —EHEEMLCHELBREZERL T
D<K, B 50m M EER L CHEBRL T\ 5,

BB 0 EBAE X, FP, MG & b2 Fig.2 LA ALl &< R T A M AR L7
B, BERSFT OB FIFE (X FP 1 OB O X 5 i BMieEm A bhid oo, Thit, BE
225 2 EHOBEROMEFRITEYEHHL T bbb EL bRk, BEH5VIEAMNE
T 2 EEIEE LB e LIiELIER 2178 (agonistic behavior) BBZE I hic, RETEN
— 7 HM B A B T B BURTEI o — T DB s &I X » TEE 2T 2T X » T3
bhhte, HBRTENIIMG A FP 3L 4@, FPAMG e L T 1ETS DrEBEIhi,
CDZERXMGAFP N L THITHH I EHRLT 5, & OBEEHOESLBIRHIFRIT
BIrroli)cEBLTW 00 RA i, MoBEIBAEA BEH»HEE0m L
M) EETHREE LV B E O RITB 2 KB L TAh 7, Fig. 4 1 MG, FP ofFBBRT (B
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Fig. 3. Initial dispersal and dispersal after recovery-rehoarding

Percentage

40

Percentage

Fig. 4.

of walnuts by two squirrels from a single source. Shaded
bars: initial dispersal ; open bars: dispersal after recov-
ery-rehoarding.
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Dispersal distances of walnuts by two squirrels (MG,
FP) from a single source alone (shaded bars) and in
company with other squirrels (open bars) within 50m
from the source. MG : alone (n=86), in company (n=
67); FP: alone (n=154), in company (n=33).
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HBEXEL) REE»LOERFCHMETRLIDTH D, MG IZILFP OFEOFEIZ X
HEBRTEBOEVCEIESRRVG, THIZH L T, FP R MG 23V T2 WIREES O L T TR
L, MG #3652 50 m A EEEh 7oK BT L T 5, Lvd Z ORIV VB
FREERNC S, &0 & BEHMEE FP ORpBRA EMBEE MG O K E HES
n, BILTHZEEZRLTV5,
b) WEHB

FavevyTavRELYEEHDI19824E 11 A6 HIEMZ (2, FE 275 »HEEKL
Bht, ToH11 A 10225 MB (2, $E380g) & FN (22, #4&E3508 s o7,
Fig 5ic MZ 3B LA11A6~9B DO MZ L 5RBEOERER L BT OREBT %
RLIC. MZ BILES S GERT ABEEER L h AR, ThA0B o0 2 HEIC SRR R
B L e SEFEERL T30 b05, 11 A 10~15 BoRo MZ, MB, FN © 380
=) AL BRFEOERRER L EF OB % Fig. 6 IR Lic, MZ DERTT [ H BEHEE
LRy, i~BBREZIh, MB & FN @EE L T\ %%, MB »Ewdb~3%, FN 3R~/
FHENEH L T 5, 2D X 5 IZ 3FIXALMCRE B FECERRELER T HEALA DR,

Fig. 5. Transportation courses of Korean pine cones and its seed
dispersal by a squirrel(MZ) from a single source on 6 to
9 Nov. 1982. In this period, only the squirrel(MZ) visit-
ed the source. The squirrel hoarded 2-4 seeds at many
caches (mean=14.1) within 6m (within circle) from
transporting cones (at crosses). The empty cones were
left at the sites marked by solid triangles.
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Fig. 6. Transportation courses of Korean pine cones and its seed disper-
sal by three squirrels (MZ, MB, FN) from a single source on 10
to 15 Nov. 1982. The squirrels MF and FN robbed the squirrels
FN and MZ of the cones twice at the sites marked by solid circle
and the solid square, respectively.

SEEMAHE L i+, AT LT LERBTBHMEE S hic, MB 2 FN & MZ X
LT, #hxh 3@EE 2E, FN A MZ i3 LT 3 ESET 5 0MABE S h, 20 3 EECH
B hESN B EBRNEET S LRI A HBTEC L bt> T, RROBEGES -
#2o MB 21 FN 55 2 [H, \~Fhb FN 2t E~E KT 58+ TR Y, FN A MZ 25
2@, WThd MZ AEEAANERT 5RPCHEL .

1983410 B 28 H, XU TAH=/ 1 I BROMELXHRAL THH 11 AIBETIR6H
D=V Y AL T 2,500 BOBENTRTHE LI, 6 FETRTHEL T % 7/ 2K
TLEONILA 6 BTH - e DBFBRAIAD T — 2 Z& hish - Fig TR11 A 7~9HD
SEOERR X OER TR RELERTH 5, ERELROV MM &L FCD2 B AR
MA, FR, FF 0 4 B3N FRE » e Rl » e HACERL T 5%, &<ic11 A 8 AL
MA (3¥EREH, FR QBEHE~NERAEF L, —BHREREL o,

LR COREGENL11 A7 HETD 9.2 BIc MA, FR, FF 75 MM XL To
ZFRFR1E, 4E, 1EOH6BHEEIHh, FOMBEKBTHRAOhLILETTHT L
ML, A=7r  BEMIEL Eo1 8 B b0 17.8 Bf@icE 18 BIOKETEHIARRE S h,
SR AR LT, &< e MA OBEMREL <, FR 2K < TXTOMEMGKICK L THE 8 EBE
L, ¥7-, ME 2 FR, MM &t L #hFh 1 @3, FF A FR, FCie¥ L thth2 &3
-, FR MM, FC ict L FhFh 3B & 1 BRERIT - 1o ThiT & bisH#ETE 2,
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Fig. 7. Dispersal directions of walnuts by six squirrels (MA,
ME, MM, FF, FR, FC) from a single source. The
four squirrels that hoarded many walnuts (MA, ME,
FF, FR) tended to hoard in different directions.

WA BIRBBREIC s » 7o (Fig. 8),
% =

Sciurus BD Y Ap3F 8, 7+, ~o A
3, A8, eya) —REORR IS
DR, */ aigleoEBRToZ 3L
{EBR TS (GURNELL 1987), Z D4k
HRERZ RO DEYPOEFCEHTHH0E
5 23, FFRBRT & IPRIRRBIZ X » TR B,
SEIOERT=V Y R FA =71 I DT
BEBREY, FavwyTayonwTitET

Fig. 8.

}
ME(43308) - FF(%3108)

-~MM (8 250¢) FC (2 3108)=

MA (8 380g) —

!R @ 330&)

Rank order of six squirrels observed near
a single source. The squirrel (sex, body
weight) indicated above the arrow
chased the squirrel indicated below the
arrow,

YECEL 2~3cm OMihicEB L LA, COFBRAERIIhLOETFLARY, EBTHOIR
BREGETHD, CHIENL, F2TaV3REOEFTEL I N, FH#E (1982) B M=
REDEALER YT, REOFCEFIREINALRBTR, LE2BFLERFLTIER
TERVIEXEDTND, F2TavOREOBEIEAPNCIA~NM=Y LRALTHY, =
SYVARIBFE T2 VREOFBRIEFL2REOPRETHOT, =V ) RIFLTaY
DEFHIZERBE L TWRWEHEIRE, a2 —r v 7 b= (Pinus sylvestris) R ARV 5T r —
- (Pinus ponderosa) dFhFh+# Y R (Sciurus vulgaris), Abert squirrel (Sciurus
abertd) X - THREDOF FHEE1 5 (MOLLER 1986, GURNELL 1987), RIL~Y@TH D
BHbFa vy a v ETFEYRIBLTERENADOE, BEOLETFIEOKES
He ) —PRREVIEREBEELZLNRDN, O~V BOWAWAHILETHED DHLEMN

H%,
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SFBIEROBRAIZET 5 =5 4 5 STAPANIAN & SMITH (1978) & CLARKSON et al.
(1986) 2HREIN T2, ZhHDOEFAICTh RSN & TERT 5 HE & oG
PREFATE R (EFCRS 2 BERIBERETE) OBRICL - TREShS L
L, X0fER, ROIBEOECHRL, TORRAITE WL ZATHRL TV LW A
T—HL T\ %, LaL, STAPANIAN & SMITH (1978) DEFANSEE L e b X 5 &
T5LLTBDI L, CLARKSON ef al. (1986) D& F L IIBEEAEL KEBE LKL IO
FrET 5L, WBYOGHANRIL-> T 5, SEIDERTIE, LWThbHEA LLERL
XU, o, X VBRI AFETIERLAON, ¥, HRHOSMIIEEL DT 1%
EETH-1e (Fig.1, 3)o Z DRI CLARKSON ef al. (1986) DEF A EFEL T\ 5,

AEH B TORRT, 2EAULARBCHERT 588 XEBE0ERT EE X Ok R
BAELMCRL - Tz (Fig. 6, e ZDZ E1O\VTIE, STAPANIAN & SMITH (1978),
KRAUS (1983), CLARKSON ef al. (1986) DEERTH R UHRNRT T 5, Sciwrus BIZT Y +
D —RFLT, A-aVVOREHEL TN, ThboBEERCIIIERE i RE L EHBI%
PHEEL, ThERETHOIRETEHTHS LamENT 5 (PACK ef al. 1967, THOMP-
SON 1977, GURNELL 1987), SEIDORAETH 2 BELU EWEEFECHEE LB TR ET
Bl XLEEEShic, 1 BEOBE L EEROFRII—EDOH A LR L T 52 (Fig
5, ZORBTHLRETAFhOBEGOFBMEL L) —BRELLLHEILS, 2hiL, K
BHIE A S EHSRESh TV AREMN A Tk \ T, S BEEOKETE EAEEDEEL
KESHEBIhk Figd) ZenbbB/ATHRS,

COREW A OBRWHERZT R 5D, BABEENCRVCRCSMEEIHEET EL
BRLTVAZETHD, £ L TEMBEEL SRHCEAL OFBEYEFERL TL &
B LI, LicdiaT, ZOBEEGHE OFRI—HFNEETRTHLEELORS, HEEL
DORFEM % X 0E L CERET 2783, HRPMPCHERCEESI L, HE0REOMHE
®, BEYRRL ch >0 T, BEBLREDL LV OEETTHRLOMTRETH D, BK
BB OB IRETE ool L L, BERICY - TEBEBIESS 2 ENTHRE
na, oz &ab, =) R0BERITEEATIL CLARKSON ef al. (1986) D=5 A
RS B, BRI L - THBHOFHBIELT B LAVRBIhic, B XhABFO4H
REDEYDOHMERET H5E BN RERTHHO0T, SHZOHCEE LAERILET
B%,

L &

ARELE LDHI IV L THEBERERYREREEBERTEERBE 26 R
- BRI AR L T et ¥, dLEREAF RS RS MO EERNER
RS BER 2 b Ot E XY BE T A EREARER L C IR L ED B H o
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THBRBE R LY, ALOHEEYE -7, X5, LBEALRESMEE NG
HEROBMBOF 2« i IFEICR L EKRLHBEI L\ o i, ¥, #2710 i BRORE
BN AREF RN R R, PFRTEREAR, JLEEAYBERA RS/ M
HWAREREEGHT, BEFHABCREICok, ChHOH 4 Lbh bRBHOBLE
THIRETH 5B,

51 B X W
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Summary

Hoarding behavior and its pattern in red squirrels (Sciurus vuigaris orientis) were studied by
observations of hoarding at artificial feeding stations.

1) Squirrels scatterhoarded walnuts (Juglans ailanthifolia), cones of Japanese white pine
(Pinus parviflora var. pentaphylla), and seeds of Korean pine (Pinus koraiensis) under litter on
the ground. Results suggested that red squirrels are efficient seed dispersers of walnuts and
Korean pine but not of Japanese white pine.

2) Squirrels hoarded the first cache near the seed source and subsequent caches at farther
points in decided directions. The initial density of caches was higher near the seed source.

3) Dominance relationships between squirrels were recognized by observation of the agonis-
tic behavior of squirrels near the seed source. The hoarding pattern of subordinate squirrels was
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influenced by the behavior of dominant ones. Each squirrel transported seeds in different direc-
tions and hoarded them in different areas. This fact was probably caused by the agonistic
behavior between individuals.

4) Squirrels often recovered caches near the source and rehoarded them at farther points,
suggesting that the distribution of caches is changed by frequent rehoarding.



