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Damage to Abies sachalinensis Stands
by Sika Deer (Cervus nippon yesoensis)
—Case Studies at 27 and 43-year-old Stands in the Kyushu
University Forest in Hokkaido, Northern Japan—
by
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I. [RLC&BIC

' 7% (Cervus nippon yesoensis) (&, {BHE

Hy v#EHv»MicBT 2=xvYHh (Cervus
nippon) O 1 EFETH 35, HERBFARICELEE KEH
FR B TalcE TEBREMRD L oo R,
1952 ; 48, 1995), ZTHh DI 2 Eicdh o £EMRRE
HHEBOUNONC EFiIc L BB A ICEEL,
SEELIEARLTEL (B, 1995), BRE, EF (B
- BB - HHER) »oBER (BF - JBRER) K
P TOMBAELIMIRE 1 > T3 JLigERE
BEWEL 5 —, 1990, EERPLAHE LA
o T, 1980FERLIRE, =/ v ick BB E Y
MULTETVWE, TORDERKTIE, EMEHHTD
REFEREOFRLE, 53 VIEETEL~OHEBLRR
Wk ORI L BRICT T 2 ENBREh TV 5,
T ATHTE, HEORELKRERE O L WEIR
K—BOBVEHS %2, 2ERLEIEL L > TV 5,
b ¥ < (Abies sachalinensis) i3, Jt#EED
FERERBETH AN, Vv hIckAHEER, T
OFFeY ATHICBOWTOREL TV S, 19508FK
CHEBHAEEEHREENTOBHSMEShTEY
(5, 1954), HEIG < hSREL TV &N
BZ 3, £, HESKEQHBELL -0 II80ERE
EhoTHD, BEALOBRERERIINDBICRE
Thtwd, 1BRATKTE, HEEE (Ehs,
1997 ; AL, 1997) PHIE (BAF, 1998,1999) o0&
L&, HRTOMKRAECLAMEE (LIRS, 1987 &
WS, 1989 ; BAG, 1999) 43, /O~IVEREALK
Tit, B TORKAEECANIEIRELTEY
LS, 1987 ; @IS, 1989 ; (LilE, 1994 ; /MK,
1999), <5 LABELFERTIEE OENREROET
ERWTVS (LR, 1994, —F, VEBRKLIEOA
TITHICBVWTHRBRTORKRAFCHMEIESHEL
T @GS, 1990 M5, 1991 ; /RS, 1999),
VIEEK E TOATHRCHENBERI TV, FF®
v EHATILBEOFERUERMETHZI NS <Y
(Larix kaempferi) O ATHTIR, IVEHELIE D%
ENFELALFEEShTORE WL (BAG, 1998), - @
TEEHNRBE, TVVAIREKSE F FRY ATHKAD
ez, HERE B -TRETEEEL B,
FET Y ATHTOBREOE B>V TIE, Th
FTIRUEDXSBIEBPELPITE>»TETV S,
LHL, VEBLIEOATHICB! 2EOFREICE
LT, ThEToLIAFBKEILGEETHRESR

X (FEW5, 1990) RUAHX (@FWs, 1991) <o
FABHRELAICEMIT S OHIEV, VIBRRLIBO#KE
2, ThETCOBHRORELEAZ2EL 2 LEEN
REx—UBERTHED (EWS, 1990), #HE
BEALL TOZBRRTHERN T EFONBRNR = #
LR TRIESEV, L LIERNIciE, ALMics
W b FoYBENZT 3 HEOCHROEEPL, AT
HERUZORUEED v #ic &k 2R ABECIREST
VW, FhooFRIcES Wi & bR E SR
FLTOBESD B, £-T, TOLHOHEMRRE
BESIKHEEINZIRETH S,

+BERNEFENCH 5 M KEILEEETEER UL
T, dbEEHEEHRLETE) TR, F Fey ATHPA
52 v AIHKOBRHAT 5 ATHEMISERE TV 3,
19804EfRICA D, FF=Y ATHICBWTZ VY Hi
L AFESHMEINS LS50, FERFTLIE,
NIy ATIHROGED THBNTFEZLL-TVWE L
HBEETN, BHEBEEIG). coky, Zhs
DOATHIZB T 2HEREOTHEWRE (NS, 1998;
E#S, 2001 PHEEDOH O HBIT A% (B S,
1999) HOEMRBECHEEI i, FFRRZTO—BR
LLTERHENLbOTHY, hF TORBHEH
DD WVEBELIED + K=y ATHENRIC, FF
< v EESZ T I HEORMIcOWTIEET I L%
Hegd L1, ARG, SELSEELCVIRERY
X o& 15 LT, 2hZThBEMABLT3)
KL TERBL T,

. \EMBERMESZ
1. AR BHRORE

bt EEERE, TEENRSITCH 5, JUNK
SEPRRBEER (2000) <Xk 3 &, dLEEEEK
OMBRLUTO®BY TH 5, ¥BHEHKIE3.713baT, 2
FihgrodbrmHl, #iLK200mb 5430mOfETRIR T
spEttost bicfiBY 5, BRMEER, (X435
(Quercus mongolica var. grosseserrata), # ¥ 7
(Quercus  dentata) , ¥ F % % (Fraxinus
mandshurica var. japonica), -~ N =t (Ulmus
149 % 5 x5 (Acer
mono), ¥ #+ / ¥ (Tilia japonica), Y ¥
(Kalopanax pictus) S THRS W 2 BELERKT
b, $ATHB A S vRPBEHR LT ->THD,
oMt Fevkk, 7Hx ey (Picea glehnii)
MENH 3, HBRTSHENTOTIREE (195260

davidiana var. japonica),
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SOEET) Itk s, EFHKERLIC, Br&o
#6%63.6C » monthTh v, FRKRIT82mmTH
3, BERILATEL»SHBE Y, BERSRIIEFET
B TL2emTH %, BEAMICE—30°CLUT, Eficik
BCLLoRBEEFT AL bbby, ILEEETHK
BRBOERZENKE L, BKRIDIZVEV S NEE
HRBETicd 3,

2. Wk

FEHAE, 1263 5 A/NERIC H 5 19T3EEME
O b+ F2y ATH(0.3 ha) T, EERIcES (10~20° )
LT3, WERBEALTEY, WKLY
(Sasa spp.) WEHSIKEXIEETH 5, AFEMT
R—HOBBLREEITENEREIOTED, HAR
BRI T3, AFEEMIE, Ll cHELELTEY,
AR TIRIOMEBT 5 LM, &5120miET 5 &/
SRRl B, AR, OI~VIkH (99FEES
OH Sy ALHRCEROEThTED, DEKEHEOH S
2 Y AT TRELVAESHEEShTVS (MBS,
1998),

FEHIBIE, 158KHE 5 \WNBENIC B 5 19555 fEEk
Db KTy ATH (0.3ha) THb, JLEicHEH (15
~25° ) LTW3, HEBEAL TH O, MEICIEE
FEBRBEAEEI TV, ZFBEMTIRILTOME
Fiot L TRITBEBERINTE H, HREETTY
3, AFAMIL, BRITHELELTEBY, 56150
mE T3 LRIt 3, AR, V~IEEK 97F
B o532y ATHRPIVERS (RS oF F=
Yy ALY ZEhTEBY, XPFEEMCHEETIV
BRO b Fey AT TREBLVWAESHERShTY
3 (Fifko, kKRR

B, MBEMELICE T v EFEOFEICH
WTiR, HEET-TVWRVWEDARETH 5, Lkl
HEEHR TR, 1997#E X v EM10088% LRE L1z
HOEERBRAEERLTWAEDOT, 2% % TIcBRIE
¥ RIS (8 /ha) 2RITFIRT, 48,
R & i3, v ORBREES S - KOS
HEETH D, BROLHOILEADBFIE K
Ho&stEE TRV, ITEEE (+ 220, # 245)
/1,181, 984EEESS (#F 14, * 241) 7936, 995
44 (%19, »225) /1,262THh v, BHEHRRMMA
WBOTEERE 2 258~ 3 A31H, 98%EFE 2 H15A~ 3
A31H, 99K 2 A15H~ 3 H31HT& » 7= (dti#eE
HEH, BHEHKELRE.

3. BEAHE

HER, SATHCHEZRIhTWS L Fev 2
& (FABEMA, 208% ; HAEMB, 416&) EHEicE
L7, FEHIL, FAEMATIIINES A138, H
£10H15H, 200046 H 8 H, FHEHBTIIINEG A
4,58, [E4E11H168, 98% 5 A 8 H, 994%10A158,
20006E6 HIBHTH » 7o BRFIOFAETE, FFEEK
oWT, BREZAVTO.1lemBA TS EE % RIE
L, HARTh L URSEREEHL -, 8FETH,
FhENOHEBARIC>WTHRHEOHE L HEORIE S
T-10 AEROHESNED SO BEICREDER
BERELHEL, KOFPELOURHLSBA LK, T
ERIE, YHREIHBOBKAE, AWEFERU Y
HIc X ZHELAOER (BELHFRE) DIRST
L7z, HEOHE TR, FESKIEHY, b
P, T, BissBHELTVLIESREANSELLLT
VIZVHT L VRIEEHENER & Lk, HERPI
YHBHR SN BAR, FEsi L TRko 4AE:
8, AIELI, BBRFOARTE, LitcEHL
BOEORHERIC>WT SRR, MEETV,
BHELL TR~ 1) FRBOWHES 1 7 K
Eo>5 5, BESEINATVS HOPRATITH O -
kEIICRRAZbOEHRAEOCRE (UT, ARET
3) ELT, FAEERSEBOELINILIOIIRAS
HOPEREZRLEINLLISKRAZbOEAMEED
B (T, AEREET) L LTHE Tl
BB, PAEMATIEECYIMERESBD S hiD
T, AbETEHR L. 2) FREOH LS  HuEH»
SHFBOHLE TORSEEREEREBAVTL
em B TRIEL 2, 3) MRBEOES KL 3598
LA BV TARESBEHLTWBIRE, £Ih5
WEOELHIEE 5125, KEHEHL TOREVWES
LU L BEOFELNERIRZVWEEILONE, 22T,
FEREDO S 5, AEMHEH L TRA 3 b0 % KREZE
K, ABHBRILZVLOEKRBRIERESE LTHE,
IR Lk, 4) FRBEOHERM : RBIRO P RETIIC
BOTHEBOESAERICED0lom B TAIEL,
ZORBEINFBEOEEREE Lz, 18, EHERD
EEREIE. 2 OEHERSFE>2HRREOHERED
GEtEE LT,
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n, #& %
1. BEARLARKROBE

HWAERACSOWVWT, 1999F 5 ABATOHEBAK
208 ADMgHMERIL, FHELSDH12414.3cm, &
RiE, B/MEI322.9,2.7cmTH » 1z, 2000566 HE T
DHEEHEIC>VWTHEE, HERIBE (&HE
AD8T%) THY, ETHHBIEREILEZI TV,
¥/, C0H5b04F (1% THEELTHED
U E bR S i, BBRHREL LT, BHKEE
LAMEEHSHER I N, WES A TRloREIE, #
FaE1884k ([F63%), AMEHFI2A (E51%) T
by, HEOEEARFER CIT, HERLT3) ki
BEEBED O (X RE, p<0.0D), F/,
hood b3k (FE11%) 3, MEELEEL TR
T, WFEARIRI0E (R 3 %) HEsh, D5
L0 6 RIAMNEED, BOOIFR VAL BHE

9% 25

DA OB (EPHRS) HELHEER &l
i, RICHEEOHRBIOVWTABE, BEAE, f
HEELE 12995 5 ARER S TOIREE THERY
BbE< (45%Hi%), ERSRU20004E 6 ARAT
OHFHEETI, MEAETAN%E, AMEEFET 4%
BOWERTH > (F—1la), —F, HEOYIM
BEECSVTR, WTFHOHERSTOHERL %R
BTh-7z (F—1a), B, VFENHOHETE,
B4 5 AL O EIME s -k (F—La)

FHRMBIC>WT, 1997 6 AR TORER
6 AOMBER T, FHEESDH19.116.9em, &
KiE, B/IMEH35.05.4cmTH 7, 20006E6 HE T
DHBEHETIE, WEKRIIWIE (2HEADLI%)
THY, 2THRBARELZ T TV, HBRRMEE
ELT, AEMALARCREAS AT EEIER
Shte, HES A TNOFEKIR, HERAEEDIK (H

F&—1 FHEHIA BicB i 2EOHR
a) HEHA (n=298)
BEFEH L EFOFIESE
199945 H 1999%E10H  20004E6H .
IBHEE FiE s PrikE

EBRREaE

HEAK 133 63 0 85 188

HER (%" 44.6 21.1 0 28.5 63.1
HeagEE

®EXFHK 135 13 0 11 152

#ER (%) 45.3 44 0 3.7 51.0
BRI E

#EARK 1 1 0 2 4

#EF X (%) 0.3 0.3 0 0.7 1.3
i

LA N 7 0 3 10

KR (%) 2.3 0 1.0 3.4
b) FHEHB (n=416)

FEEA LFFoMBENE
1997466 H 199746118 1998%E5H  1999%E10H  20004E6H EE
IBgE FigE PikE FE FE s

BalEaE

®E XK 243 197 0 149 0 71 353

#E R (%) 58.4 474 0 35.8 0 17.1 84.9
pMeamyE

BEEEK 77 26 0 9 0 5 107

#®ER (%) 18.5 6.3 0 2.2 0 1.2 25.7
O

T A 4 0 4 0 18 2

K R (%) 1.0 0 1.0 0 43 6.3

HWEOHIBSEIC>WTIE, EXI3I2BROI &,
EEREICH T A HEAED 5 VIR EOR (%),
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85 %), AMEEITR (F2W%) THYH, HHEOH
EFERICREEEVRD LN (xHRE, p<0.00D),
/2, INLD3EDK ([E22%) i3, MEESE
BLTZY TV, 891 7OWERLZABTHA L
RLUIBE, BEAE AMEEovFhio20Td
MR AEREEVSRD O (xBE, WIholg
&5 p<0.001), WFEARIG26AK (66 %) HEExh, 5
AIREEEFEY, LIREATEEY, RO 010K v
Bk 2WELAOER BEPERE) VLM
ZREHW S N, RIEEEOHR IV TAHB L,
BIAE, APFEELS HICITE 6 AHEERSTOIERE
ETWERIROEL (ENTN58%, 19%), [HE:
BB B EEL 520004 6 AETOFREICH
TR, HRAE, AMEEL bICHERPRL K
TTa@ERAMRD LN (F-1b), BB, 9THIL
ARUVEIHOFETRENE IR IHRESL
wipote (F—1b)o

PDEoksic, HABRMABTEBR COREE
HEAERUAPNESE) HEH SN, 200086 A%
TOBEREERIIOVFN SB0UEEHFICEL T,
mIBER T, FHES, 68 OFEIFO AICHER S
f, 10, 1HOFERIC3ER I bt 747
BIOWERIC>VTH S L, MAEHE SICAFEE
I IBEAECTOHERIGL, BEHBTREZO
EDVPFEETH -1 (F—1), $12, B 1 7OHE
FrFAMETHER L 2EE, BEAE AWEED
WTNIE DWW T HERBEESED O (R— 1),

2. FEEOHESN

BRICB 2REATRUAHETEICLVALS
B8R, AREREC-o VT, Zofik AHIEREOZ
&, HRERERUBBHEOSICET 2RE%T-
feo BBIHLETR, HEo»d355%5K2
2000 £ 6 A & COBBHEOERERT,

21, FHEOBERUABIEROINS
FEMATE, AHS19E, MY X275 1R
Ehiz, TOIHBRMBBFEEN LD 5EE5E, BART
1% (121), ATEETII% QI8 Thbv, AR
CHANERTRABRICEL - Tz (xIE, p<
0.001), BIEEERI>VLWTHELRS - b OAEK
(5L, RKEBREEROAEFZ>BEERTIRITE4
~5HOBRESED Sl e, Ek, KFREEEE->
AT EE 6 ~ THORESED SN, TOH5

D4~ 5 JABABREFR, 1~ 2 BSKRTEERET
Hot, BEIRICAFEERIIOVWTAS L, KEEE
FEEOAHEHESEABRTRES 1 ~ 2 HoAPFEEH
A ont, Fi, KEEEEL > EEETIREY
2HEOBMEBEHAED LN, 20550 )~ 1 AMAK
HREER, 1~ 2 @ASKBIZRETS - 7o

HAEHBTE, SHE1944MH, AU XHEI9E 1
Bantf, RPBFELED2EEE, BETI%
A7UE), AMEE 4% GME) Tho, mMEDOE
BREHEMALERICEEENBED SNl (xR
iE, p<0.00D, BEREERKICDLTHERS DD
BENES % &, RPKRIERO L 5H>EFHETR
S5 ~ 6 HORBENRED S, T, KFELER
REOBEAHTREE S ~THORESED LN, %
DHHED 4~ 5 ELKERELERE, 1~ 2 @EHREH
FHTH - 12 BRRICHFEERCEL TR, KBR
BERO A A FHS>@EREE T 2 oA ERESE
bohte, e, KPEERELF AR TLTE2
oA ERERAAD SN, TD5 5D 0 ~ 1 HHRE
FKEER, 1~ 2 FASKEIERTH - 12

PEo ki, BREAWIEOELE, AT
& SICRBEOANEL, HEMBTIZOENIE
Th 1o —7F, KBEEEO L 5851, HHA
e bIcHRLD bARSHICBLWTEL, FHEHA
TRIDEEIR 71 7 TOREFLENIED Sl
WEKRD 12 b OEHFEEEKE, BEOHPAREER
I &Ehotz,

2.2. FREOEERE

FABEHATORRIC>WVT, EWRRESICEEE
BEsDE, KBABEETREBREIORBOLE
DT7% % 5%, ERREG0ARR D EEEIE 1297% 10E
Ltz (K- 1a,22), —AARFERE T, WERK
50 I EoEI&m5%THD (K- 1a), KREEKHE
B (3%) toBTEEESED LN (Fisher®IE
HEREERE, p<0.00D), BFIAHEREII>WVWTA
3 &, KREBAEERTEEREREK0L LoEE351%
Thh (K- 1b), KWAEZEORE (3%) &
FITHERICEN - T (Fisher DIETEERBRIE, p
<0.001), % AAHWEEE T, EREREI00LL 500
Rt OB EHAT% TH D, HRERES00LE o]
HEEbesE68% %L (M- 1b), ARERK
100 Pl EoEHsEIa R, ASIEZFEORE (17%) &k
NTHEICRL > T (Fisher DIEFEMEERRE, p



50 JLmE R EEEAIORE E50E H2h

a) B B (FAEHA o) B 4K (FEMHS)
=807 12 1,773 171
100 -
80
60
40 4
20 4
= 0 -
q”u AEMFBERE  AHIER AMKRIEE  AHIEE
b) BHFE (FEHA) d) BHFEE GHEHS)
® 57 217 12 87
100 - — 100 - —
80 80
60 60
40 40 4
20 4 20 4 N
0 0 -
KREKRBEE  ABIER AMRILER  AHIEAE

T4 : m~10 0O10~50 M50~100 E100~500 D500~1000 O11000~

-1 FBIRO ML o EEE &
71 20004E6 H Al & T OB, b) OABEELERICE L THE b N MHEER< o
FIBIR O AR Ic B 13 2 HHE O IR O & lfiR i & L,
FLp, fZ1310~5012,  HETREI0LL ESOAH 2 R 9o

K- 2 fig LofKE
a) A, 20009 6 A, MERBIC THRY, KHREEFEET Y HOWEMSED LN D,
27— — 13 2 cmo
b) AUFEIE, 20004E 6 B, #HEHBIC TR, #H L AARKEEES oS, A5 — /¥ —(F10cm,
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<0.0D),
HEHBTORRIC SV TEHERE cEALES
A5 &, KERBEETRIERRBI0RE O8I S5
T1%% 5%, HEREREG0R M OBEEIEI1395% cE L
e (K- 1) —AKRREEE I, ERERES0LLE
OEBEEH46%THD (- 10), ZOBEIIAE
KEEHR (5%) LORMTHERRKRENL »TWV (x°
BE, p<0.00D), ABAFIRIIOVWTHS L,
REBFBER T I EEREG0L L oE|&1128%TH D
®-1d), AHKIHZEORE (5%) LH~3LE

200
160
120
80
40
0

100
80
60
40
20

HOEE M

320
240
160

80

50
40
30
20
10

10 30 50 70

BicR 1 - Tw (FisherDIEREHERRE, p<0.001),
—AARIMEGERE T, ERETRE100LL_E50054KH O EEK
ZEMT%TH D, TRRIG0LI LoRE&LEbYE
5LT6% % ¥ (K- 14,2b), WEREI00LL LD
BEEEEE, KBIFEORE (34%) LHABLTEE
KR ->TWe (xE, p<0.00D),

Plo k)i, HEREOEHRREGIOEHEE%E
A184, R, ARIFEOVThII> VLT HHREE
M TRBOERSED Sht, RISV TIE, K
REER B W TERREKSORB RIS MIEFITH <,

a) B & (IREHA; n=819)

Oa, -

80 110 130 150 170

b) AMEE (WEHA ; n=275)

90 110 130 150 170

c) & X (383FEHB ; n=1,944)

90 110 130 150 170

d) AEREM (BRI ; n=199)

9 110 130 150 170

H &R (cm)

B-3 FEEOM EEREOHEE SR
I : 20006 A HER R & TOBBHE,

W EEREoR TG, FAEI0E, OcmPl E10emFKiFERT,
SR¥CH L TH%LLEDBEMAEY > h 5 i EEREXE S SR X (MhoRR o XD LE&RL

1o
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FTHEERRIORGDOE G E, - (®— 1a,1c).
B, TIHLR/RE #HEMNE—O ZO08-7
BEIEDLDNIAZNERLOE L THELHESQ
ke (K- 2a), AWMBFETIZ, @ETRKS0L
FoBEEESARBRAZRERLD bEL - (K-
lalc)e —HAMER-S>VLTH B &, AERIER
T, APRIFFEORKIC AN TEBETEOL Lo
AvEr - (@~ 1), F-ARMBBRERTIE, T
REI00L EoglanE, KRBZEORE LT
bTOHEAERE, -7 (K—1,2b)

23. HEBOBRAERORH
AECAWERORMBIRNOS/HIE, HEERE
(P8 10cm) BIOESHERHVTERENMBETL
too BAMTIE, 2FEBUKH L T 5 % EOEEHEE
»oh 3 EEREXEARNXEEERL
FABEMATORBEICOWT, M EEREBIOHEES
fixHbE, M EESHESIcmE E0cmEFHIc -7 0
s LBoNs/m ey, BrhXREHZ340embl E110cm
KETh-7t (K- 32, TLAMORSME RE
B3, ThENnl168cm, 0emTdh -7z, FERICHPFE
Rii2WTA 5 &, H EERET0cmEl E80cmkiic £ —
7055 WO /mELD, EPXEIZ50ecmPl 100
cmERBTH -7 (B—3b)e AHORSME, REHE
¥, Th¥hldbem, 33emTHh -7, AELAPE
RT3, #ESREOBESMCERLIEZNEDON
7z (Kolomogrov-SmirnoviE, p<0.001), AH X
REARTRINERE & KEEEE L <hd ks, B
XM, £hF030cmll E110ecm#k#, 50cmbl k100
KB TH 1o BB, RERZOREAEHAR
REGER BI9ET80TE) TH - o/, RKERILE
B&EREREE G IBEORNBITHIE L - 12,
FEMBTOREICHWT, H SR OEES
HixsdsE, HEERETOcmLl E80cmE#HicE— 27 0
brhBogsmEsy, RPXAEII240emll E110em
KiEThH-7 (B-30)o TLAMOREME, F(EE
i3, EhEN177cm, 0emTH -1, FIEICATSHE
IK2W\WTA 3L, HEEREOcmEl E80cm&k iz 1572
-7 053 Lo ER Y, EHhRXEHIR,
AROEA LA IC4Om L110cmEHETH - 1=
(K- 3d). ATOKDME, REEIZ, ThEhles
em, 25emTH -7, AREAWEETIE, LSk
BOBEERFRICHANLTERZIBD SN h - 12
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Summary

Sika deer (Cervus nippon yesoensis) is a wild herbivore widely distributed across Hokkaido, northern Japan. With the
expansion of the deer population and its distribution area, deer-related forest damage in Hokkaido has been severe since the
late 1980s. Abies sachalinensis stands intensely suffer from bark stripping, fraying, and browsing damage caused by deer
in eastern Hokkaido.

In the present study, damage caused by sika deer was investigated at 2 Abies sachalinensis stands (27 and 43 year-old
stands at the beginning of this study) in the Kyushu University Forest in Hokkaido. In both stands, bark stripping and
fraying damage caused by deer was observed on tree trunks. Nearly 90 % of the surveyed trees were damaged in each stand.
Many marks of bark stripping were with no exposed-xylem and have small stripped-area indices. On the other hand, the
marks of fraying tended to be with exposed-xylem and have large stripped-area indices. The marks of bark stripping were
distributed at heights under about 170 c¢m, and the concentration range of them was between 40-110 cm high. The marks
of fraying were distributed at heights over about 30 c¢m, and the top of the distribution was lower than that of the bark
stripping marks. The concentration range of the fraying marks was between 40-110 cm high.

The trees suffering from bark stripping damage tended to have many marks with no exposed-xylem. Many of the bark
stripped trees with no exposed-xylem have small stripped-area indices. On the other hand, the trees suffering from fraying
damage tended to have a few marks. The probability of having marks with exposed-xylem was higher in the frayed trees
than the bark stripped ones. Many of the frayed trees with exposed-xylem have large stripped-area indices. There was no
relationship between tree's diameter at breast height and percentage of damaged trees in either case of the bark stripping and
fraying damage.

Key words : Abies sachalinensis, artificial forest, bark stripping, fraying, sika deer



