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The impact of Sika deer(Cervus nippon yesoensis)

In the Nakashima Island of Lake Kusshiro, Hokkaido, Japan
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1 #S

1-1 HREOER
1-11-1 DR VHIRKLZERERREEOHRR
DHEREDERMIL, EEBROMECERICKEREEZRITTIENMENT
V)% (McShea and Rappole 1992, Waller and Alverson 1997). 2, #HtkmBICBIT S
HHFEDORBIT K D MRRAE A DRSS EZ /2 B8 & 72 - Ty 5 (Rooney 2001, Rooney
and Waller 2003, White 2012, Alverson et al. 1988, Augustine and DeCalesta 2003,
Gill 1992, Horsley et al. 2003, Rossell et al. 2005, Russell et al. 2001, Whitney 1984)
TRV, B¥E(Fuller 2001, DeCalestal 1994)%° /NI HH(Shelton et al. 2014, Bush
et al. 2012)°j £ (Brooks 199N EE KITL, & 5ICHMHEDZE L (Bresstte et al.
2012, Shelton et al. 2014) F THBERITK L IEEE KITT I ENBEINTNS.
EMIZBT 5 =K > 2 H1 (Curvus Nippon) DIEREEEEN ML 72 Z LI X D MBI T
V3, KR HE QB NGITEIE 2006, BAA 2017)°HHEORIT(EK 2005, HAT 2007,
ST - S8H 2002), WAOEMAOREMAIEN 2005), BIARELEDEFEAOZEGEH
BF 2009)7% & DY DREDIZD, BEMHOTEO LMK FERIEA 2010, BROFE

M 2012)0 LRPMEK Y ¥ —B BRI L L EE A EEEM@IZ 2008, HiEIZN

2001), EWWREARR E 72 O ORESPERAEEY N DOFEBE 2013, Nakagawa 2019)
BRENRESNTNS.

JEHREIC BN T HERRIC, ZHR > P HOWFETH 5 I/ > 51 (Curvus Nippon yesoensis) DA
HWEOEMMAERICHER TN TS 0ERE 2019). RAFRMTETIE, HKEREYES
¥ T HEE A D TP ARG LT PEREY) DG INBHEF - =K 2007, Miyaki and Kaji  2004).

IR BT, WU IR D IS ARE IR D BEINCRER 1995, FHIEAY 2004) BF4T

pil
HOE Y HANETIE, DNERORMSSH > 37T 5 2 (Empetrum nigrum L, varjaponicum) D 5



BR(EARIZD 2003, HEFIZN 20160)/2 ENELCTE0, EMEtkEE2RET 5 LT, TEM#
FEOHRIZE D EWAREOREIL, BErRELOMEE L TES X SNERALIEE XD
5NTN5D.

Gross et al (2010)13, AEFADIEFERIMZITHE S E 2 5 DOEKR & LT, (1) RFl7zf,
(2) fEAEZek, (3) BHRAVSHHEF ORM, (4) BEASHIBR S N2 BUARE, (5) B L WaRHEE
oNTNS. B X S 2SN/ Z2M T, BN ZER &Y, B TAD SN/ ik
HTHDRCBENRERIC ERADEREVOERZUNELS. £, BOERIZEST
WEAZBRNZEABAOGECHRAMOBEE, HEBENFEL NS LADERIBMSE
N2ROHD. HEEL HHEBZHIRTSIERERLSZOZDOTEETHD. "—TF >
RoEYOU 4 THENAETIE, SHEOERELTEAAAIOMANH 2 EHEET
H % (Jedrzejewski et al. 1992) & VO ZMEDLT AU D AR A H 201 VIV &
Tld, NT T H Ulces alces) DIEMREIIA A7 2 OMAERITEEEZ L THBO, HRHFELHAHE
& BITEEBZERT 5 Z EMNM 5N TS (Peterson and Page 1988). L7245 T, iR
HORENEURWEREETIE, MR ZHIRT 2 ERDES 7280, BRENENICEET S
DINRLT25.

MBFEDONWZWEEAERRTOEFTIE, MAKOAFIAEI A a -7 BIEA
SNz b F 1 Rangifer tarandus)iZ, EEEEEZBIMNMCED, EBEEOF > IR F
(Aptenodytes patagonicus) D72 E DU % BRID SO B O A% U B A ) O R &
IZLDEENS THERANMEE /2> T4 (Bandon et al. 1989). £/, A—ALFUT
DZa—T—F 2 ROBMIZBITS 7 FEOHNRD HEIZX D EFEERERE S TOKRAE
PEAFDOREIZRDIHMBEDZEIIZR D, REFEREYIEEE O & A 6 1R D HE Rk
(David et al. 2003)/2 EMREINTVS. EATH, ZHFIHICLDEEELT, £
(&5 (mik8l 2006, Minami et al. 2009 BAB(EHIE 2012) iR FRMH SO - 5A

2007, H2& 1986)/% & DBIMAERERICTRESIN TN S.



EMIZBIT2MRE T, 2R DNEIFEHEBEZT 520, EEEAFOLERMZST
ERELUARMISICH 2 REZEHERZFIM L TWaIgota et al. 2004, Uno * Kaji 2000,
il - ¥A 2008, AFIEN 2007). Hrz, BRSSPSR ESIAAD S W HUTIZ SEREUE
HvEn Z &(ijima and Ueno 2016). %, M@2RWIEZEMMOEFEENE LS, TV 27
DEFEZRHD D I EITHBL TWd LW i A1H 5 (Miyashita et al. 2008). LiZd
WENS, HRARREICE, TV hEHETLIEBMNL<H 0, EHRENS UIRFERN
el E L2 E L THBENREEERBIIHE LI WIENEZA5NS. LIRS T,

PASHRY 72 BRBEN, PRI/ ERBE R D HEAF ITAERRNEENBNDS EEZ 5N 5.

1-1-2 BRBMPEE TV T hICET 2BEF OS]
JeHmE AR O BT IEEE SR ENL 2GS, FTEw), FEEREW, BRI 3 DollERL TS
0, BEOKIEHOFBIILD TELIINTIMTHD, LTI, WEIFEKL,
W&z s (BREEE 2019). 7)VT FHIECWNERLE, BAICTY 2 ANKEE T SRR
R L TH O CEFIED 1998), THREEWELE, TV oKz E LT
FHTHD, XFIRDEDV T HANEPT H0EEIZAN 1993, Uno and Kaji 2000). JE#
BRMEL S FERICTY > OBEADPHERSINLTWS. JRFHEH O OB ALiE 9 5 JERHE
Wh B BFEERIC, TV ADNMHERINTWSELEZN 1993). BNIZ/H T 2 EEE,
KAFETMIDHE K U Tz BRIZ, N 5 0K L2 3 > THBIZ A A0 1 U 78RR & BHn, 5K
W D A5 & Wi OB B I RE/R EPASMMEATE TH 2 EEZE X 5N TN 0ES FAR).

LML, BRIRERT 2V AT HERIIFTEL TN,
—75, TV A OREREE LT T EAKH R BOMAICE T S0, B (1986)D
1972 5 1975 FORNT, FIEENLAROFHRMEED—R TEM L 7ZFEH DA TH D,
] FE W R D D BRI BE T B WFZEIC LR T, JEAHS I B O FR A 4212 B S B PRI AR

BLTWS.



ULAE, HhERIRMRAC OB T, WREEWITIIE T 2 BRI 2025 4ELAKE, W A% 2 ms K
Liz< 722 [REMEAVRE SN TH D GER 2011), T 2 MR ® [FIERIC 2 m s K H vk
USR5 RN EEZEZ SN TVNS.

G, BRI 2TV 2, FRICHEKLR<IRS 2 &Ik D, RSB EARRE
5 FASEREATEIC AL T 2 S 4IT, AR QBN S, BN O AEEROWEN S
END. Lz> T, BRBHHPSICHBIT 2T 2 HICBT 538 HHRO Raz R kD

5NTWV5S.

1-2. HFEOBE®
AWFZETIE, BRI AR 95 T 3 EAREE O AR 72 25 f Bh ) & (A g 5
EZFHEMITHEEDIZ, BRICBITDA2TZ T HDO T EME~NDREEZRFSNL, BENO

TV AEGREQBIRE TEEAENDERZIERET 2 E2HME L.



2. BEFHE

2-1. FRAEHOBE

AAS U, AEHEE A D P S EE ] E LN N ICALE T 2 (K 1a). ENLAREPNOALERIZ $
SIERHEIHIRE 1b) D REICALE T 2 BRI S, FEMAEOBECh2EEER LT
BO, TOKRESIE 2.6km, [bE 176mORARR OHLI 3556m), #iAT 570ha TH 5 (K
lo).

JRRBEHI PV, SRR M T LA IBICIRE SN TH D, —iEO LENEIE
ENTVDREASTH D, BOCEDFIMIITONTVRNEEEESE 2002). @K, FEER
@R 1986), SHHEREGRNE 2017), WHFLBAHMEGLEIZN 1993) &£ N/, 4
BRIEWRICBE T 2T —F13mD THIz 0. BB T, L FO X S I A 1#(1986) % 5512
W QAR & O AE 2R, SEEIEN(1993) & 551, BEOEMEMPEOT
VI ADERIRRITDONTIARS.

BB S OHFMIE, =VU<Y, NV, NUFD, O HN, 5N, *
bav, FFATE, AVI, AT, YFFE, TFIEREMRET DEHARHH
T, BN Lo T, MMRO TP N R YHERRL TWd EREINTNS.
MR, TV IUMKTIZZ AT, T275 A5 N%L, N RIYKTIEY <139,
TwFVINEN. BRREOTYYKTIE, KKRKELTIIVIIVYY Y, DoMEmE
LT, 2YIYXAE, Fautk>dIy, AUAFI. BAETIE, MYV D, a3
YIAIN, JAUIYIAIV, JEFTFNF, PFEELTHEYN FITUN,
FFR R AF, ROaATENLZHN. #RE<OIUYMK, B RIYKTIIEARELT
RYFFFATR, NHAT), D2MELTA VAT, Favkrd3I, HEAHEE
LTIVYYyYFT, PFEELTH IS, MrHRENSVEERINTNS.

WEITIE, 1942~43 F DA EFENTHN, 1956 FITITEB L ERDEIEENTHN



Tz h#E, BHROMELANTITDN, 1942 F13 N Ry, V<Y, NUFY
D 3FEDALHS LT WA, 1943 FEICRDETH A A NBBMEIN, 74 FAMEEFES
NTWzEWDSRENH 5. |

JBREPETOIY > HOMAENL, 1991 4F 9 A EHOMED R TEMINTS
0, DNEOREEDO BB I RBIEZ 3 NI THER LZ) EWIRERDATH 5GLiEIEN

1993). 1991 FELKRII T 2 h 2 &M EMOFEIIEMm S N T/,
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3. MBDTVIHEGEERRE LIHETFE

3-1. AAS Ty Tk

AATNTy THEIL, (DRESCEYADOANLWNRILLEZRIMET 258, @QRNICE
WEEROEZSY U >V Z0HICT 2R, QRBRERDIEHEZFEHFICY > T 27T 54,
(DEBATEI2 EOFRELTWOITEIEE BT 2 578 EOFRZEES 515 (Carthew
and Slater 1991, Cutler and Swann 1999, Silveira et al. 2003, jthf] 2016). JEAHE TS
DI T AEEREZMRE UZRER, RIEOEEIZK D B0 LEPREERIIETH D, B
E DR\ R EE s |, B ERODE WD T AERREOMREDZD, AW TIE, A
AT Ty TIRETERL .

AT STy TREICA W -BERE I A Z13 Bushnell Trophycam HD ZML, &
WD 12 DFTICRE LR 2). A TREWRIE, HWIRHE®RS X7 L (QGIS2.8,
ArcGIS10.6.1 Z i) ZAWVWTEHANRBRICT > FLRA > hEBESE, 12 RE2T 5
LY 2T T Uiz, RERL, BT ESESIBREICHRIN B EZEEL Tk
E LTz,

AERE A A 13, Hh EH 1micEE L2018 4 11 A~2019 4E 5 A ORI, S o¥
Wl LETTREH OFEZEB L, # 1L.5mIZ—RFMICEE L), > HEEREIN—T 57z
DIZTABITICLEGEE 1 ). ET—RI 1A MNIOEHEE 15 BREZL

RO RIER 2RI 72, fRENL, 2018 4F 11 A5 2019 4F 10 A 09 1 EfElfro 7z

SD /1 — R LB DA, 3MAIZ 1 HEMmL .
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FER1 HAASETvTOKTF
(E:AAS ISy TOMT, A > HOWERMEZNET 2/-200KE£HE L WTHHT)

3-2. fRITFE

3-2-1. IV AEGEOEHE M OEE

WS NZETOTHmE, MWANEKTEATED 100 7 AT HY77ZD Relative
Abundance Index(BA F, RADZEH L7z. RAIZ, O'Brienetal.(2003)i2& 0 BIFES N/
FETHY, W SN EBENZOEE ENZTFRA L TWENZERTIETH D, B¥
BN S EZHEE TS5 I EITTERNWD, MM BERIES250NEE 2004)

RATIZEAFOHX 1T K> THSN 5.

RAI=(CAMEKREUA AT H)x100 h A5 H (1)

Wi SNVEURDEE Y > S Z&BET D721 1 BRILL 3@ U 7= R8I BR > THEHL,
mADIEA N MpS 1 RHEUNICHEERN, EREREINZELTH 1 HORY
EL, WEAEIT 1 EL TR 2GhHE 2016, FEMEIFN 2006, RFFS 2009) 71 A S5 D
RENSERETOAKEAASHELTHRE L. 512, MEMIIT > hofrEncE

9



BERIT IENRESINTWVWD2D, BEEMA2 A~3 A)EIEBEEHE A~11 ik &
¥, HWIBIRMGES - GE - REAMDNEDIDICEBR L TWEINEIET 5/, AETYT

> DNEAAHBI R 2 W TAHBIfR B TR U /2.

3-2-2. IV AR DG EEE DHEE
ST O 2 A AOMEAEEEEOHEEITIX, Eht 23 APKEEREDEEBRT—
& &AW ERBOHEEHE 2018) &, FRIECH AT NT v T Uz ziEE
(B2 -EiR 1993)75A WV 5N 508, BAHEIH P &0 T/ o M EAREEOMEAEEEOHEE I,
BEOHAT STy TR R ERE S 250 L.
AWZETIE, BEREN AT Z W B BU0E E OHEE Fik % Random Encounter
Model & Random Encounter & Staying Time model 0 2 FE¥H \)7z.
% 1 12 Random Encounter Model(Rowcliffe et al. 2008 ; LA F, REM EF)L) &1E, Ak
AN ENEERT, WAT NIy TT—F EEHMICEE L GPS HinDT— 05 HE56N
S TEEBUERENSEHNTESETINTHS.

REM EF )V TOK 2 Kic k> THLNS.

D={gy/t} -+ {m/vr(2+0) (2

DA R R (S /kii)

g FHENY1 X (BN

y/it @ SERE (CARER/AATER - H)
v NREY OB EEE (km/H)

r: 22U —H A S ORI REERHE (km)
0: WA ()

REM EF)VOBNY A XNE, AN FRICB > TOEFREZEEEL T, 11X

YhEIBNELTHRY, TOAJTEEZER L. FEBEEED, RAFERHHhED GPS

10



iR OEREZEMALGER 1), AROTEBEEEZMERA LR L.

x 1. AT E O GPS &l OB Bk &

FEENREEE (km/H)
2018/3 1.18
2018/4 1.01
2018/5 1.60
2018/6 1.50
2018/7 0.64
2018/8 0.81
2018/9 0.73
2018/10 1.20
2018/11 1.11
2018/12 0.72
2019/1 0.64
2019/2 0.73
FEEEEA 1.07
HEH 0.82

FAEWE, 201843 H & 20184F 12 AMnS 2 A
JEFSEINE. 20184FE 4 AMS 11 A

% 2 1Z Random Encounter & Staying Time model(Nakajima et al. 2017 ; LA F, REST
ETI)EE, REM ETI)VOFBEFIEMWETIEE RO, HERED A T ORI DR
ZHYOBURECNKAMELTRHALLETIVTHSHE 2019).

REST €T )MIU FOHX 3 Hick > THSNS.

11



D=E(Y) - E(T)/ (sH) (0 3)

D : fEMARE B

E (Y) : PRESNEZV > OH WEREL)

E (T) : PRRINZTV T H ORI (FEERZEE)
s ¢ fERR S 72 Ml < DREREK

H : FR&E IR

WAERFR OWEITIE, N A THBERKR DA AT RMIFIZ, 7 A TR 0.67MO=AK%
AATIZMBEIICREBL(EE 14), WATHAKICELOI > hIEIZ, ZABNE
FALLEKE=AFNEZFRTTRE I NEEEE=T5ICnEL, =ARNZFIRAL
T BRIZ DWW, =MIBERIZHE L 7z M 2 mERE LRtk Uz,

REST €5 CHWzN/z EY)& EMIEHIC, MREKTHD, A THSNZT—
& T, EDIE, R7Y oamIciewy, EME, w06, A2~0Mh, sHRERM 6, U
A TN TWD EREL, RAHEEEEZRNTREELZ.

REM €7V - REST €£7)Uid, ZNZIUBREEMIR O T > A EARREC ZFEEINFR I
BOET, WRITEMSWEIEMEMI T TEEHEZTo /. 51T, MBI DORE
EIEME MO MY/ EEREDIEREZIT> /2.

WMABORT—F%EHEICHT — YT 5FIEICIE, GIS &Mz IDW(Inverse
Distance Weighted ; WilEfEMMENESL AT T1 >, U F 2 Fiz EOZERMERIEEZ A WD
2, DO MIRIP R R ETR DT —F R E R U 7z 22 M E DB ENEEIT/RD. A
KT, RETIRIIBITL R > P H OFABEDIEROLITEMGRESE 2011 &5E(C
JRRISH BB 2T N OBERE DOIBEIC IDW k&2 EfE L /-

RAI &[RRI, S E RS EMBIRWA ED L D IR L T2 N EIET %729
AT O ARRFRE Z A W THBIGREZE R L .

IDW % R =22, ArcGIS10.6.1 O QGIS.3.6.0 Z{#fA L7/=. F/z, I

TOHEHENTIZIE, RE Core Team 2017)Z{Ef L 77,

12



4. BREHPEBOTEEEZMRE LCREFE

4-1. A RS—MRAE

R RO S AN T EMAEICEA S EETIT 572012, BN 4 WX TIR
IJ—hHEZEERLZ(E 3, EE 2). 1aARI—rz20m&l. £z, IFI—HMAK
ANRAZRNT8AMIZIMOY T I RS — & R 55— bOEFIZILHMN S NE, SE,
SW, NW & 1 ATS5LDOKEE, EERADOHFRITHKZNEN, E, S, WeBRULIKZ
BEE, FF8MATRREL (K 4). BNICIEGE 32O T7a RS —hEREL, 2018 4
7TAMNS 8 ADHIKNC 1 MIKICDE 1 EEMLZ. T I RS- FNOHMBIRI &I, #E

ERMEMEES, SHEOKE, SEFEEE KRS, SHORROFEEZRERLL
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4-2. fRITFE

O NZREERN S, WK O T EH A DREZ OIS 57280, 4 DO Z1T>
e

#5112, WXHIO T EEEOTEHKZ LT 27201, fMoLikEzR L. fEo
ZHEDIEHRITIE, Shannon-Wiener DZAREHEE(H) & Shimpson DZAREEHEEQ) %

AU,

% 217, MXKBITAREFEREY O &4 B % LT 2 72 DI ARG PR O 4 BEE& 2 B
U7z, REEMFPERED D FRIZIE, BhEF - BARQ007N ZS#EIC L7z, B - B (2007) T3,
EAEEE TREBIR TIZH 2B EICBNT, NIV D3AFRICIISM SN
S8, MPEL 2813 LD A RB I NS EENH 570, VBTt & AvgIF R D &
B H5IZHREIKS N TNV, AL TIIAEIr R & LIERHL 72

5 31T, HWKBIT FEMENDEREREEE LT 572 DITHK B O BIRHE & fliR] O X
TEORERZREH U/ WRHNORRERIT, XN TRIENHER S 178 O 85 % XN
THER S N7z DR AWK TE o 72 BIG IR U 2 BUE 2 (M U 7z

WX DOBERIILLTORX 4 Kick > THENS.

BIRDHERE & Nz et D E
MERR S N7z HaH DA W

X DBIEER= x100 (= 49

41z, FROMX I EDBERIE, MXHTI RS —MANOY T3 RI— LI TXHFR
FEOREMER I N A OWEEZRED D OWHEE LT, MFHMOMMK NS HEE &2
S EEESICRE L - BEEER L7

FER DMK & & DRRERIZLLTFOH 6 ek > THENS.

BIEH D OREWE
FERR & N7 MM D Fe B W

R OMX Z & D RER= x100 (& 5)
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5. ERBEHREOIY T AEEEOBIROIEE

5-1. IV IAEHEOEHEROEE
5-1-1. #E%R
NATREWSOH S & ORI, ML, Fa, BELZEEZRUMEZE 2ITR
7.

2018 4F 11 AN 5 2019 4 9 A £ TOH A SBMIERABII T 284.1 HTH o7z, g
SNZWEET —F DN, TV PAMRE SN TN HDITTY 249.1 B E/RD, FigERH
BULFY) 3369 AT H o7z, MK TILY P A ZMRT 5 2 EMNTE, Gatme E8ud 2990
Kt iz, apl TREABEERS2E, o Lbimg S iziiaid, MR E T 549 1K
THO, RIZHR KD 368 THoTz.

RSN T—5 = ARNCHESI L RAL ZE L2 DE2K 3 ER5ITRT. 6 HD
RAI N &FmIcE <, mbmniia E T 530.0 EW D R EWEEZ R L 7Z.

AR O%EM RO RAI OFRTIE, S EIEMBHI T 2 H ORI ZELD A
SNz, 12 ANS 3 AETOMEHTIE, Byt s & Ml To RAT O & fiEhim <
/2o THO 2 ADR KEB35. DM RbEWEIEZRL. 4 A5 11 AXTOHFMEHT
i, BAMEER MR T O RAI OFEN & <722 TH 0, 6 ADHiA E(530.0)70% 5 ® & W EE
Zox Uiz, MBSHT T, SO RAI SRR ICIEQMBNA S N2, FE/RB DO TR

Mo 7= (r=0.545, p>0.05).
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5-2. IV ¥ AEEEOREGEREEOEE
5-2-1. REM EF)VO#ERE
REM EFI)IVIZAWZIY T H Oifg BEPTHRENY A /s E QR H#E R PHE
B DAEAR L B B OB AR & £ E DTz RER 41TRT.

e B A, MEHITIE 1.094 B/km?, FERENTIZ 0.831 Bi/km2 &7z 0, TS
WIS & 0 HEE AR < 722 A 2R Uz, SR OHEE 4805 13, Decalesta and
Stout(1997) DHE KX /3 TRHIE T % S & & MEHEIRE) 2R, mifiRoHEEfEE
BB OTHMEE, 0.962 H/kis, TEBEEINGE] 2R

ATl ETD &, RAEEZRUMAT, MSWMEIERTNE IR EGE
1 5 0.210 B/km?, JEREAEH] 5 0.159 B/km2)Ai b o EbmWEEzRLL. E51T, %M
72TV > h OEEMEL, 2T & HICBHEBMOFENSWEEEZRL THE
(X 6).

MBS AT TS, FAS M & IERES 1 & B IR A A B I A DB A5 172 (r=-0.608,

p<0.05).
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5-2-2. REST EF)L D#EHR

REST T I)VICAWZEHERDMICHDMEREREER 5 \ORT. £, PHINH
TEWRFEIN B HEE D ITHE - 72 REST £ ) OB H#E R KO REST 7))V OFEEN - EES
WoOHEHEEEZ%K 6 17T

BB U E B EEE, MEHOBE, HEOMI T 4.470 BE/km2, S <HMT
i 26.082 B/km?2, XEIER S0 TI 8.490 Bi/km?2, 7 7)L53 41 Tld 16.235 Bi/km? Z 7R
Uiz, IEREHOBEIE, RO M T 1.274 H/km?, 52756 Tl 5.391 #/km?, &t
BUEMID A TI3 2.503 BA/km2, 71 7))V Tld 4.107 Bi/km? 2R L7z, &I O &R
3 TRD S N HEE AL E DO Z, Decalesta and Stout(1997) D% EE X 73 THE
9 5E, BMEWNE MK - hEERE) 2R0, IS HEHERE) 2Rz, mill
] D HE E A B0 B DT 491E 8.569 Bk & 72V, TEEEIRE] ZRU 7.

WMeR o An & &I R B THR 21T S &, 2 TOMEIMERES M, H <o, HEIE
Bonda, 74 TNHMICBWTIRKEEEZRL 20T, MEMIME J (F><501
10.245 Bi/kil, KEEHRD AT 5 4.166 B/kit) & His LO#EE 165 1.270 /i, 71 TV 10;
5.602 ZH/km), IEFET NI A GURE 15 0.438 F/kil, 7 > <4345 2.331 SH/kii, MEEH
/045 0.930 B/kif, 7 TIV A 1.542 B/kD N H 0 E bR W ER L7z, SRS E
HIZHEHMOBEENBHWEEZRL TWe., 51T, ZERINBIY > HOHEEBREL,
SHOLAEIEORBLMAROBEENE <, EMSHOGEIIEDOMEAE OB &
BEZRLUTOWZEERSMICH o 2R 5 M7, Aot 4R 5 K8, ®EKIE
BRAMIHoT=tE5R 5 K9, A TN HmIHozER 5 K 10).

BT D#E R TIL, MEFUOMEBIER S EIEMEW DA >~ o, MEBESRSm, 7
A TR MERNC B Z 2B A S Nz (RS OMEIER 7 r=0.685, p<0.05 5 FEHH
FHDH > <534 1=0.783, p<0.01 ; FJEFTZ IO EKIEMH /747 r=0.734, p<0.01; JEFEEHH]

DA T r=0.797, p<0.01).
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5-3. EH

AL DRGSR, BRIRHIFRSICBT 2T 2 H OFEHEF R R OL B HEE £ R
NS N Elrolz. BRIEHIHREICBWTHSUNG, FIASE T, BPRilemiinm
<, BEAMTIE, BEBREWIEZRLUZ. EHRSMT, FIRSETIE, BSR2EMIC
WA EICENEENE S, BEAMTE, BEERNSVWI EEZRLE.

MEWOERF AR TH 2 SP R, FAEZMELTHENTBDLAFOILR
KOMLSBEMER < ZENTE, TVIHOERLEOHARTH L2V HENEFLTY
LM THDIEMS, ZRFEOFANELS roksEZEZ NS, T, Bmiblbml, mit
HTHDIEMS, HEHLZOPE<AFZENHERMEWESZSZ 51, MEENMUMLALD D
DISWITREHED B 5. BHREIL, FICTV YRR H 5728, FEE )M R KD
bOLRNWI ENEZ SN, BERESIKES & U TR S NUAERF B 2R O 2 v BEtE 2N &
5. Fie, FMIABENGmN MR K, BR EICHEL TWS, R KX, HTATDHK
BEIZKD 11 ANS 5 ADBDREERE /RS T2, ZFEOHBMNT BEMAA SN, BIR
LEmAGE< REEADIZNWT EEZ 5N, FABEASEMU 2 TREHENH 5.

BN O ERFIRMRTH 250 EHM AT, BAHKHREICBNTEFIREBOM A KL
DBEERNMMEVWH A TH o7z, WETOBEMEININWE ENEKERZHFESNPT <, HINC
BWTILEM LM B S Z Ehb¥akizE L TORMANEZ 515,

4 ANSFIHBEOEMA R SN/ m E X, miZsbimblnid 0, b &nwo 72iE
TBHNHIRENTNS E, A E OB EOMEA 5 5 2 &5 FIRBREDN S
WilhR&EEZEZ 5Nz, R E ORbEWVWEEZ/RLZ 6 AREICTYV S HOHENTH 2
ZENS, R EMEEHEICFHALZAZANTROIZDIZ, THEZHEDO THHRE OfF
NaFRIA Lzl ENEZSN, MBETIY S ANRE I N/TREENH 2.

REM EF7 )BT 2 MELEEE & RAL OFERIIR/Z > Tz, ZIUIREM €5 )L OR#

hﬁ%z@ﬁ%&ﬁ%@%@%ﬁﬁﬁ@“ KE2bDEEZ SN HPIEN2017)TI,
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T —HNATERWZRETIE, 2P —0 AT ORMHEFANICEIIO T X T O
Wiy SN TR S0, EHRNY A X2B/NHIL TWS RN S 5 LHRES
NTW5. SESDFAKOFEREBoZTREENE <, SBRIIBEITEEORE W EERAYA X
HEEEDORBNBETHS.

7z, AWFETHEM LzRAGRNT SO GPS BinfEdklL, BARMPSIcERT 2T Y
HEOBHETA ZHVNE WEERTH O, INFREIH S, HIE AR & 22 Im AT S R
hEEREBZENS, BRBRHNPHICERT 2TV I EDERHRERIZEND D I ENE
Z 63, EMZRTFEBEEEEERT LI ENTET, BRICKRSNARENEZ 51
7z JRRHEEWIR B O & RSO ST RAE D SEEB B & EMEICEET 2 O3 RET
Ho0, EHABRHTEOT S hEMNRIZ, GPS HiiziEL, FHBBHEQHRN%
o2&k ons.

2 DDETIVE MW EREEE OHEER R TIE, METIVEBHEEFHRICIE, E5DE
MAKELREM £5)b ;0.962 F/ki, REST E£5)) ; 8.569 H/kif), 5 EEHERE DK EERY 727k
EhEZeNZ. UL, BMENOBENEWHLASIZEREB L TWzo, EElloy
3N OB IS R E IR TH 5 Z &R SNz, BROHEFiEE AL
THIXHIIZ B EE R 2 BB T 5 & Si3aRhaizd, 4%IE, HAT F Ty TOMWRIZK Dk
BE D W EEHESE BT D & 41T, R DHEE k% W THIR R I HEE 2 & A S

LWENEND .
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6. BRNIKBIZTV IV INTEHENEZLZE

6-1. fER

X THER L7, 36 Fl 56 flik/zorz. HimBIOFER K D ZEREEITE 712
AT R EFOZHREDOREN &S M WEXKIE a X (34 i, H2.64, X0.90)TH o7z, i
X OFRET R D AR TOLLE T, a K60%)2RbE<, RIZbKEB5%)TH-
72(" 11). EFORELEOLE T, c KO5%REHE<, KIZdKMA8%)TH-7=(¥
12). TR OREME QMK Z & OWEEILIKT 2 &, 71 PFT86%MRbmEm <, KITT

VAT H(14%)ThH->72(& 8).
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% 8. FROHIX T & DRIEAER S I/

e =4A
a b c d
72AYY Sasa senanensis (Franch. et Sav.) Rehder 363 66.1 225
438 785 25.0
T¥HZvTY Thalictrum minus L. var. hypoleucum (Siebold et Zucc.) Miq 3.1
3.3
YUY Padus ssiori (F.Schmidt) C.K.Schneid. 38
5.6
THIX Pilea pumila (L.) A.Gray 75
145
74777 Urtica angustifolia Fisch. ex Hornem. var. angustifolia 04
15
TSA439Y Urtica platyphylla Wedd. 11.9 3.1
14.4 4.8
TEAAh N Betula maximowicziana Regel 0.5
1.0
L ALH3EF  Erigeron canadensis L. 13
7.0

L OBAEIEIENFER S N/ m OREHE, T OLEIIFERN DR N EHEZRT
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6-2. EBE

WX TTEEENORENHEREN, FUREERODDBENOMEDFKOBRN
ETWSTIHEMEANVRIZ S 37z,

RO FEREENDEEE KT S &, a KL, BHEEOFEOZEREN RS & WX T
HBN, EBETIT o 2T ETE 1986) T <A UHMNELE L TWel % THo 2
72, YURESEBREL, TV IACLIEBII o T TINERL, TOF v v 7
CRBAATED REFERY DN T2 D ET A AFTZT Y /2 EOBIFMAE OB ST
INEHL, BERE SR/ EEZ SN2, b KIT, REEMFHEREY) DO EEEIE A a KITRW
TENWI ENS, REFERYOBESEIRE TNWLERRBOTREENH 5. BT, b K
FHEDE —2 293mM 5 = 366mD R IO D72 BMR EIZ, REDIESL T IE, T4
7oA VIR EDEWNEND. BHEOBRWBMTIE, 3mEBA SNV TPRT A
AF =TV, TvFVTEND REIFERY OB SREE & 755 TS, RNEIFERY) O
BEPE E BT 2 U IEHRII T S NI KRB TEN RS, HBLBEWIRE SR> T,
cKiZ, BREENH O EHEL, FEE DK 65% ICEENMER SN/, ZOMKO T EM
EOUIAPYTIE, 2FHED 4% ITHRBZMHRL2/2D, MWRBEZZIT TS
BEPESE WY, BT, FEMAEDIEFENS, NVt a vzl O LRI RANOH IR
SHOBEFEEHR L. LizN>T, ZOWMKIL, £AFTOEBRTH DI 1 TFHP
B ORI E N ENS, KFETORMENRE WK TH 2 REENE A 517k, d K3,
ENOMKXE 0 HERE OO SRENMEL, 2UBED 49% D> BbEEHMTH DI <A
HHOWEIL 25% &, bREAP c KEIANEWEZERLED, 731 THOREYED 90%

THRARZEMR LD, REFEROBIEN 1% EEWEEEZRLEIENS, TV D

&

RRPEIZE B ILATEE T B iRt &, IPRIICTY S HIC L BRATHEE S
BB B AN A S,

AHFETIE, 3 DOKNTEEFETH 2T A T IAN@mWEREDNHER SNz, BRNOET
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METI AT YZEDTHEIE, DRI HICE > TEIFENEWVWE WD R
(Takatsuki 1983, 12 - K& 1983) & #iEd 2. F/z, MELHRO Y T H O LHFIM Z
FEUTRITUIE T, 7 <A B A W anill o o A G A TEELREERE LT
MENTVSWHR 1981). AWK TIE, b KAWL ¢ KT XA THNBELT HHIHT, @
HEORBVHER SN, AT HOBFET 5 XKIFOH 2RSS Nz, [FRMIC
ARAB R RIAES HEENDOEB R EIERL, 7YY OHET KB OIEE
ROHGESPREROEZSY ) 7P, BNIZBTL2HPVEOEFTIRR2EZIBRL, Mk

M DR E T EZ IR OB IR Z AT 2B BN H S,
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7. &Y

7-1. BRECRMBRHMPEOIY > HEGEH

JERHE IR B D T > D EARERL, BRNEEICHM L TH 0 FHNICHAEREE AL
BTNWALIZENRHSNER D72, FRICHEENICBNWTHAREZZ(LIETB 0, BEife
OB, RER E D, AFITHF RN DI <2 H MR AEN S BEEAHEML T 5 nEelk
N <, BEKFNIZ, RMEENZENEEL TWDAEENEZ 5Nz, £z, HEEE
i, BAERZLZ<FALTHED, £FXDBHANENI ENS, EHFHO T EHE
HENDEEMNFBEL TWBAHEENE <, FIUED EREBRANDEENTEAEL TS IHE
PERIZ E T

TEAR R OISR TIE, (KB TH 2Rt m WS, 1RIEH2(2006) DR FRH &2 BT
LIENDZBOEHITIIRBEEOL S, [ ORBITIEE TR, BREORE PR

B IEENR SN0, AERITHEN V) ERRLTWS., LML, FEMEENDOEE

DHERTIL, M RB) TRETF VR D S BEEDNBIE L TWDe, S-S REE DR 72 R
MECTWARET D HOEEIFAETHO, P - BHEEREBICZ DT EOEEEPNS
TSR R, AT N Ty TROMEBRCHE KL ERT —5 OBRFRE, K0
FaE D WEA B E OHEE 2T T 20BN H 5.

WEOTY T AMEABEOERIRN E UT, EEEN1993)13, 1991 4 9 A O JE#H s
SO P ANMRERFORLEKIC UNHOEED BB LI EREEZ 3 DT THE L 72
ERRLTHO, BEOHRMMEAERENS, BNOBEFREFEEIIKS TV AL 2Z IR
ETVWRNWIENEZ SN, Lizht> T, HMHEENIE L7z DI 2000 FRICA-T

NEEEZLND.
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7-2. BHEOEMEHPEOL/ VAT IS TEEENDEE

BROWAEZTYV S HICE2RAFELZZITHY, £2BMICTEMEDOEINREET
WA NREMEDVRIZ S Nz, Fiz, T 21 OFEMHBmMN SEEHNTEEDOERPREZ 5N
Jz7z%, MEMCHEBRE T 5MADH - ORI T 2B EREATH S50 HEAN
DI L, BENEDPT DU TR AEOMHER LR E TH B TREEATE V. R
W ORI ALIE T BB TIE, XFEOTY 3 H ORI X 2EERMT, NV=L
PFEavREDZLRBIARNORE R ECEIES OMKICET T 2 HEOEP IR
BIZX DY HHOFERNTEAEL, HHMEICEEE LI LZGEHEE 1993, REEN
2012) Z &IN5, [RIBk DR B BRGNS EEEAL T 5 rTHEMEA E .

AWFETIE, BNITITFREZEICR O InL # 5 U TW AN 58S U 72 BRE O g,
I 2T DAREGF RIS LD DH DM H 2 Z EARRE Nz, LL, BENK
VVIRTE N S RERFTEREY S0 2 (B 59 2 Mg 6 b 2 v REtE N R Wz, EERE ORI
HEIZTONENH S, FHTIEY A FHREWEIAE TRENHRESN, /XM TDX
DI T AT E S TR AT 2 Z &, BEICHEDE % ZRET 2 IKE
(overgrazing) ML & TV D Z EDFEM & 7520 X % (Mysterud 2006). 2O JE R 5O
IVVYHO R R YMROMERHE LTI RELEL TV LML, BIfEOTY
VR N ROV MRORERI, ARVEIFPEREY) O SR UM B, BRI S
ST B T A BRI ISR B R R B EZ Z T T W OIREBIZH > TWD 2 EAVR
X5,

Mysterud(2006)id, +EEEOHF IS THAMITOA K, WEFIERY) K& ARSI
WX DHED EE IR, TTOREDRIET 2 DI LREREZFMEICL T, KEEREE
\Z& % overgrazing & 3 DDY A TICEHMLTWS. BERIEMPEIL, FarveNILz

L, A4 FA 72 EDREFHEMERMIEE TN DAY, RARIIHINS Z ERELERHT, FTu
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RN TS AFEMER R V. £z, HIEERENEZE IR WERDbNS. LaL,
FAECHBAOEFIAESIN TS HREMENE S, REFEMM MR Z SFELTWD
HIKIZZ . Mysterud(2006)12 & 2 JERHE W B2 BT 2 ) 2 D overgrazing D ¥ 1
T3, [alWiR Tl 2 DRI L DIRERD NN D overgrazing DEXBETH 25 1 71 &%
ZA6ND. GBI SITHEENENT 2 I EICXKD, X 0BRESFEEEICX 2 AR RIS
MR HAHEENH 5. BEMMIL5ZEIT, REEHRICLLEEST, TEMEZERR
B & LTWna BECRIRED LRGN D% (Fuller 2001, DeCalestal 1994), BSEAH
Mg 5 Z &K D RELROD FRA T HEHEE D% Z7x £ (Richards 1984, Persson et al. 2005,
BN/ 2008, HiEIE 2001), ERRBKICEEZRIZT I ENRESNTNDLZENDS,
BAERRE LTIV P OREE NI T 2682 H 5.

S, TV T OREEGFBRWICGEHET 5720121, LERROEBETH 54 ICBIT 57

#HELT, 2RISR LEDIIRZEET 2 L EENH 5.
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7-3. #A¥E

BAEDEREMPSICBIT LT A EERL, IERSUNIEEBITZ< ML THO,
HMEMNIBENEPR L TND, 51T, O KIZE D T 2 OB HANRRER D
PREAAY 72 AR & U T, (R~ BIREASHERS S 1, RS BIBEIREBIZIE RS Tz
WREMEDHD. L, TV O8I, WIS RELF Y DB Y B O =R
18 EDQTEHAENDZED, BIAEORWBTENOMEHE®, T4 7 51 > OGRS
ENTHO, BAFCLEAK - EEAREANDEEIIRATNS.

BRBEE QO1DAMERR Lz TZiR > PR 2 AR MR AR B MR E ST 1 R T >
D 5 BRED IR 22 O EMBAEAL T 2 BT, BARHR RO 2 h O
W, TRWMAEOREBRENS, w0 EEEE LT 2 —X) GREE 2019CHk5 L%
A5, BENETL LGS, LERRLREMNFEAEL, FRREARZTOHDITEEE
BIFTEfEINTNS. DR PANERT 2 HMAERRORKINDIREIX, TR DNh
DERBE )RR RIz N, =R PN K DB EI 7 IS, TDlyfEs <0
L DFEARRENFEDEHN K IEA2 Ve ®, LBRT—EZA DK TOMEA /R NRRE) Lt
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8. ABSTRACT

Over-abundance of deer population in forest landscapes has significant impacts on the
ecosystem structure and function. In addition, at closed environment, impacts on
vegetation may be much higher than opened area. This research was focused on the
impacts of deer in Nakashima Islands, Kushiro Lake, Hokkaido, Japan. The Nakashima
islands at Kushiro Lake (NK) was become “closed environment” in summer because it is
surrounded by the lake water. Kondo et al. (1993) reported sika deer (Cervus nippon
yesoensis) has been distributed by naturally in NK. They are becoming “semi-closed
population” in winter when NK is occasionally connected to main land by freezing of lake
water. However, because of the global climate change, this situation barely happened in
recent years. Thus, NK is likely to become “closed population” in the future. For this
reason, the objectives of this study were (1) seasonal change of habitat use of deer, (2)

estimate deer density, and (3) their impacts on vascular flora in NK.

To know the pattern of deer habitat use in NK, camera trapping survey had
been conducted at 12 points since Nov. 2018 to Sep. 2019. For analysis on seasonal
change of habitat use, Relative Abundance Index (RAI) was calculated for each months.
I use two statistical models for estimation of deer density such as Random Encounter
Model(REM) and Random Encounter & Staying Time model (REST) Before analyzation,
all data were divided into snowfall season (Dec,2018 to Mar,2019) and non-snowfall
season (Apr,2019 to Sep,2019) respectably. The results were interpolated to all island
area by Inverse Distance Weighting (IDW) for determine deer distribution in all NK area.
To know the impacts of deer population on vascular flora in NK, quadrat method had
been conducted at 4 different elevation plots in NK during July to August 2018. For
analysis on impacts of flora, the species diversity index, cover ratio at unpalatable plants

of deer, and browsing damage ratio had calculated for each plot.

In the camera trapping survey, total 2,990 pictures of deer were recorded by all
points. The RAI value was higher at central and southern area in the snowfall season.
The values at the outer area was getting higher during the non-snowfall season
remarkably. The estimated population of density by both REM and REST showed higher
value in the snowfall season than non-snowfall season. Moreover, the density
distribution in the snowfall season, at eastern area showed higher value. However, the

southeastern part of the island was predicted higher density when non-snowfall season.
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According to these results, it was thought that NK was able to categorized “low-medium

density” which was mentioned by Decalesta and Stout. (1997).

Total 56 species were recorded from the quadrat method survey. “Plot C” was
the most damaged plot than another plots. The biggest browsing damage ratio species
was Sasa senanensis. From these results, it was thought that overgrazing has been started

in regionally at NK.

To conclude this study, the deer population was distributed throughout the
island in whole year and it became high density in the eastern part when it was in
snowfall season. The floor vegetation has been changing in few areas, that was found
especially on bamboo grass or on unpalatable plants. As a result, it was thought that a
structure of the forest floor vegetation will continuously be changed by deer impacts in

the future.
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