creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

L2

AFo] o|YdH AFE&<E(Cervus spp. )2}
B Z] (Sus scrofa)] 3 EAH 2
ol g A+

TR RERR. R ERB5E
MEBHE 2

& 7t ¥

20234 21



AFEo o]UdH AtES(Cervus spp.)et
=) X (Sus scrofa)d] 3 EA 4
Ha]ol| et A+t

fRE#HK R ol

& 7 o

o] M= HE H LB HmNoE EHT

2022 12H

47} ere] mEs LB

EHEE
%
%
%
%

PN P

20229 12H



A Study on the Distribution Characteristics and
Management of Cervus spp. and Wild Boar

(Sus scrofa) introduced into Jeju Island

Garam Kim
(Supervised by Professor Hong—Shik Oh)

A thesis submitted in partial fulfillment of the requirement for the degree of
Doctor of Philosophy in Biology

2022. 12.

This thesis has been examined and approved.

Hoonbek YT

Thesis director, Hoonbok Yi, Prof. Major of Bio & Environmental Technology

k@é/ﬂmj,u / 3/007 g
Toewn b Kim_

Faculty of Science Education
GRADUATE SCHOOL

JEJU NATIONAL UNIVERSITY



B R] e i
LiSE OF TABLS  ++++eressseeeesssmreesssaeeessssesesesseseeesss s i
LASE OF FAGUIGS  +++rr+err-e0 e v

ABSTRACT  «+eseeeseeesseeseeessesnsesessessssesesesesssesisesssesssesssesssessesseeese s ss e ssees s st sees s seesesesiaans vii

S 1
DL Q1L BT ovvreosmsssmesss s 1
D, QITLAF eereeeess e 3
1) ;TI]_‘___'C_)I__I!_E!'_ g?_ ........................................................................................................................... 3
2) QLRI QL oeerrroerms e 4
3. QTLERAFE.  ovvvvrroosssssseressss s 7
1) THERFL(CErVIS MpPOM) eeeeseeeesssoeeesss e ]
2) BORFA(Cervus elaphiis) -wwwwwwweeeeeeeeseeeesvsssssssssisssssssssssssssssssssessssssssssssssssssssssssss 11
3) QLT (Cervits Canadensis) - sesessseses s 12
A) TIERR](SUS SCFOfit) ++-rreressseres e 13
. QITLELA]  ovvvrmoi s 15
KPR T HFE  cooveeeeesssseesssssssssss e ssssss s 16
1. ZRAF TRAF RJ Q] oot 16
D ZRRF R|T| coveoossssssseeeessssssssssee e 17
3. FHEITF I cooresemooooeoresssssssssssnes s 13
. GARFIRA} oovoeeessssossses s s 19
5. EET QG O] REE HAIA] G v 20
1) EEERHO] TP W FER oeerrrmrierrrr s 20



4) MaxEntE.‘aé ........................................................................................................................ 29

1. 75_;;_]- E;"l _]—y__ial- ................................................................................................................... 30
1. }\].Lux_ég_] k]é}Kl oﬂ§ ............................................................................................................ 30

1) 7]-[IﬂE]- Egﬂﬁél E;"l —:—._:].7(]_75_1\]. 75_;;_} ..................................................................................... 30

2) ROC (Receiver Operating Characteristic) _T'ﬁ_}‘\j ................................................................ 31

3) %]-7(:)]%_}'\_ 7]():] l:7|_! %li:ﬂl-_z"_}‘\j .............................................................................................. 32

4) 1\-]1;]7(] Oﬂé .......................................................................................................................... 36

2. DA“EHXIQ‘] k]é}Kl oﬂ§ ............................................................................................................ 42

1) 7]-[IﬂE]- Egﬂﬁél E;"l —:—._:].7(]_75_1\]. 75_;;_} ..................................................................................... 42

2) ROC (Receiver Operating Characteristic) _1:_1‘\1 ................................................................ 43

3) %]-7(:)]%_}'\_ 7]():] l:7|_! %li:ﬂl-_z"_}‘\j .............................................................................................. 44

4) 1\-]1;]7(] Oﬂé .......................................................................................................................... 48

V. 7(-“(‘)_-] ................................................................................................................................ 54
V. RIQ ettt 57
VI J:Q:}-_T]__‘?__._:‘.:]— ........................................................................................................................... 59



Table

Table

Table

Table

Table

Table

Table

Table

List of Tables

. Fossils of animals found in Archaeological sites of Jeju Island ««-eeoreereeeseemmermeeneen 3
. Number of livestock breeding farms and species in Jeju Island -«---oweeeeerrerereseeneee 6
_ Assessment elements of Habitual ENVIFONMENt i, 23
. Contribution of environmental variable to Cervus spp habitat oo 33
. Area and percentage by Cervus spp. habitat Grade e, 36
. Contribution of environmental variable to Sus scrofa habitat oo 45
. Area and percentage by Sus scrofa habitat Grade -, 48

. Wlld boar CatCh in Jeju Island ......................................................................................... 60



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

List of Figures

1. Paleo-geography map at the LGM (Last Glacial Maximum) of the Yellow Sea and East

China Sea .................................................................................................................................. 2
2. Cervus nippon in summer coat at Noro-oreum wetland site, Jeju Island -«o-eeroeeemeeereeeneeens 9

3. Cervus elaphus with newly growing antlers observed at Noro-oreum wetland site, Jeju

ISland ........................................................................................................................................ 11
4. Cervus canadensis in their black coat, captured at Mulchat-oreum, Jeju Island -+ 13
5. Photograph of Sus scrofa captured at Noro-oreum in Jeju Island ----woeeereereesreremneneeneen: 14
6. A MAap OF TESEArch TArEEt Site -~ rrrsssrrresssrrrrsssrrrsmsses s 16
7. Installation of camera traps USING UNMANNEd CAMEEA -+ rrossserosssermssssmmsssssisss. 18
8. Field sign of Cervis Spp. and Sus SCrOfa = swwwssersssssrmsssississsis s 19
9‘ EnVironmental Variables used iIl MaxEnt analysis ................................................................ 24
10 Distribution Status Of Cel’vus spp. in Jeju Island ............................................................... 30
11. ROC (Receiver Operating Characteristic) Curve of Cervus Spp. «-wwwwwweerermrsrssssseneeeees 31
12. Response curve of the environment variable of Cervius spp. «wooeeeeesrsesesesmsnssne: 34

_iv_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

The Maxirnum range Of habltat prediction Of CeVVUS SPP. e 38
The median range Of habltat prediction Of Cervus SPP. e 39
The minimum range Of habltat prediction Of CeVVUS SPP. rrerrrreee e 40
The range Of average habltat prediction Of Cervus SPP. et 41
Distribution Status of Sus scrofa in Jeju Island. «-ressrresssmsrmmssnssiisi 42
ROC (Receiver Operating Characteristics) Curve of Sus Scrofa <o 43
Response curve of the environment variable of Sus Scrofa - 46
The maxirnurn range Of habltat prediction Of SUS SC’”Ofa .................................................. 50
The median range of habitat prediction Of Sus SCrofa -+ wsseessssssersssssssrisissriis 51
The minimum range Of habltat prediction Of SuS SCVOfa ................................................... 52
The range of average habitat prediction Of Sus SCrofa - wwwessssressssrsssrsiisriissii, 53



ABSTRACT

The purposes of this study were to make the wild mammal management guideline
and to reduce the agricultural damage caused by the increase of exotic mamals
through analyzing the distribution characteristics of the wild mammals including the
exotic mammal species, deer and wild boars, introduced to Jeju Island. The field
survey for this study was conducted at Hallasan National Park and its around areas
in Jeju Island from October 2018 to May 2021 and I also obtained exotic mammal
data, Deer data from 2018 to 2020 and wild boars data from 2020 to 2022, from
Jeju City and Segwipo City Government. By analyzing those data, I conducted to
predict habitats that were likely to be used by deer and wild boars in the future and
to use them for the management of exotic species. To analyze the prediction of
habitat areas, I used MaxEnt (Maximum Entropy Model) program. In the case of
Cervus spp., coordinates of 84 points were obtained. The distribution range of deer
is the eastern and western regions of Hallasan National Park, and it was confirmed
that it was mainly distributed between 550m and 1,100m in altitude. As a result of
analyzing this location data as MaxEnt, the area with a high probability of being
used as a habitat for medium and large deer is the Hallasan Mountain with an
altitude of 400-1,800m, and is mainly distributed in the east and north. In the case
of wild boars, location data of a total of 231 points were obtained. The distribution
range of wild boars was evenly distributed throughout Jeju Island from the coast to
1,000m of Hallasan Mountain. According to MaxEnt analysis of the location data,
some coastal areas were likely to be used as habitats for wild boars, but most of
them were relatively evenly distributed in the middle altitude of Hallasan Mountain,
but the south of Hallasan Mountain was more likely to be selected as habitat. The
Jeju island area has an ecosystem with unique biodiversity, and many rare creatures
inhabit it, but the biodiversity of the island area has changed rapidly over the past

100 years due to habitat changes, the influx of foreign species, climate change and



pollution. Due to various causes, more creatures are becoming extinct in the island
area and its coast than inland, and the most representative reason for extinction is
the influx of foreign species. In the case of wild boars and Cervus spp., there are
no predators inside Jeju Island, so if breeding is successful and the habitat expands,
the population is expected to increase rapidly. The increase in these species could
cause a number of damage, including crop damage, habitat destruction, and a
decrease in competitive species, and could cause infectious diseases such as African
swine fever. Through this study, capture traps could be installed around areas with a
high probability of habitat identified to control the population by continuous capture.
In addition, the road kill and wildlife warning signs were installed on hiking trails or
roads adjacent to areas with high probability of habitat to promote the safety of
users, and to identify and manage the spread status through resident reports and
continuous monitoring. The results of this study could be useful for the efficient
management of exotic species introduced to Jeju Island, and it is expected that more
accurate and useful data could be secured through ecological long-term research in

the future.
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Jung and Oh, 2010; Kim, 2016). ©}x|= ®Wsl7]o] AL sfgHol| HISHA
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al, 2008; Kim, 2016).

AF=os FA7IAHETE "EAt $717HA of2] Al F3o] LA
A, 1 FHE HFFA, A Is7E B AdsEs 88 5= 74 F
NS EE FE0] =EHIHLee, 1995; Kang, 2005). F3lds 55 &5

& Zo] 2EH=H ol w49 B4 A7 AW FEo] MAsREA A

o7 o= A7t duklee, 1995 Kang, 2005). AWy AW Z, 248
FEH ZRA {§3 SolA FHAH MELS AES(Cervus), = A(Sus scrofa), A

(Bos taurus), B (Equus ferus), 22~2(Meles leucurus), <A\ Vl(Mustela sibirica), 2 X]
F(Rodentia), ZF(Aves) 502 3RIE I, o F AEET wwH R, 49 Wy}
FE o|F= ASZ BAFEJATKShin ef al, 1992; Shin et al, 1996; Shin, 2001).

FAoA ElE AlEEe] Weo] BAS Fall AMF2 =F(Capreolus pygargus),
S AVE(Cervus nippon), H-&A(Cervus elaphus), 3Le}U(Hydropotes inermis)
7} RaElon, disle Ao g=x3 dEA SR1EHE T FAR T2
2 4#2 v JokKim, 2003; Kang, 2005; Kang, 2014).
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FE Ao (Jeju-do and Hallasan Ecological and Cultural Research Institute,
2006), 1990dth o] % Ef AYLo2REH 7I5802 EUHANL, ASF 2= 7
A7y Fepikat FAE Aol A #&#E7] AZHEHON ef al, 2007). L7 AHESE

=S Sloh 2o o2 AWHUOL, Tho)
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= A HOh et al, 2007).

= BoxLE dI(Cervus canadensis)7}

1:Palea-Han River
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3:Paleo-Huanghe River
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5:Palea-Yangtze River
G.Palea-Seomjin River
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Fig. 1. Paleo-geography map at the LGM (Last Glacial Maximum) of the
Yellow Sea and East China Sea (KIGAM, 1992, 1993; Xu et al., 1997; Yoo
et al., 2003; Yang et al., 2014; Yoo et al., 2016).
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Table 1. Fossils of animals found in Archaeological sites of Jeju Island

Archaeological sites Age (suspected) Species
Bilemot Cave Middle Paleolithic ~ Ursidae, Cervidae, Capreolus pygargus
Kwakii B.C. 300~AD. 500 Cervidae, Sus scrofa, Bos taurus,
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. . Bos taurus, Cervidae, Sus scrofa
K A.D. 0~ ’ ’ ’
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Site 4 Carnivora

Cervidae, Sus scrofa, Bos taurus,

Muridae, Mustela sibirica, Meles
leucurus

B.C. 1500~1000,

Jongdal-ri 1819 A.D. 300~600
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FAA FRlEAeH, HA A & 1,300 m7kA] =3F #ZHATHOh ef al,
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Table 2. Number of livestock breeding farms and species in Jeju Island

Number of breeding farms Number of Species

Species
Capra hircus 34 3,274
Ovis aries 4 64
Cervus spp. 17 195
Oryctolagus cuniculus 9 1,096
Canis lupus familiaris 112 13,750
2 44

Arctonyx collaris
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D EAE(Cervus nippon)
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e FH7E A=l en, AejA BAo 2t E83tr] AlEete] 2013
54 dAAf 17v}2] & £33} thKorea national park service, 2012).
eyl A FALE OiEAE S AR & AYd AAets QldF

2 AR ATl o & A xANA o9A AT AJA EYUE
o] FojxoF gth(Marques ef al, 2001). ol= o|dH QAT MAT IFH A
B4 E4e d7et] g #dE fal o dolnt. 2021 & AFE
W sl A AL Qe FAE  NAl= 787K A o] BHMinistry  of
Agriculture, Food and Rural Affairs, 2021).



Fig. 2. Cervus nippon in summer coat at Noro-oreum wetland site, Jeju Island.
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2) B2 A (Cervus elaphus)

F2AE2 HEe 5% 4ol 1,650~2,650 mm, o7f=eo] 750~1,500 mm, FA
100~359 kgo= f-2uyztel] M4st= Abs 7HeH 7HE & SRl R oA
o] o vty Eo] WAy A=y o Agk B2 JHA7F BE g
de 2 depdnh & S FEAoln TkFolA wiZkA = A7 A, ARX]
Aot thFEAEH G JEole FA oI, AFdE Foll sk WA
o] $ltk(Yoon et al, 2004; Choi and Choi, 2007).

rr

Fig. 3. Cervus elaphus with newly growing antlers observed at Noro-oreum

wetland site, Jeju Island (Source: Banjade, 2021).

e ol WEate] AL Fo Wl AX gon] BdHE uEy 2
Aol abth, Q7kelA We) Wolxl &ol v, AMel we} o7l ThEmE A4
A7b v Ao Fol He Fow A% §A7T, Belz Axtel MA =

= Fo=2 &AXHYoon et al, 2004; Choi et al, 2007; Jo et al, 2018).
1940 ] Fwka} 200130 S WHAS B o7 Ayt v, mAAE,



FollA AES FUs] AR, 13,398mke] o H2ARE MAZE =] o
5 JHA AFFEHIATE o] F 2004d AF=2 A FANA 261/MA 7}
2 ®BaHgloy, 20089 Abs A= 15770A, 202092 3570 A,
20213 12MAZ ZFAaSARJo et al, 2018, Oh et al, 2019; Ministry of
Agriculture, 202D). ¢ AF=oA = AFERY & MA FE=E A3 S
FAAAZE AFe] AAYE A AHGstAA AFA A A RAE
AL, 71 Fh et ZAAE X&EE T ATl HAF Sk T

)
2
>
lo *D

AsE A

mlru
ﬂﬂN'
ok

3) A A(Cervus canadensis)

da+= #HEe 5% 4ol 1,800~3,000 mm, o7j=<] 800~1,800 mm, A
140~600 kg A= Urt= tigolm FE Eu|9} ofAole] o oA WAL=
Zo|tHRobb, 2001). e} AZL Eols Bowo] B0, AL e 3o

Atk A7) Be e Aedolth Fa A4AE &% £o PR oo
3 28 w3 Av), 53 Agels uRAAD hgelE 4, Bl AN

2] gk tH(Homolka, 1989; Beck and Peek, 2005).

Euj(nl= 2 sfythel FotroKFE =, 7HAEa", 12V A28, BE, S5
2 HAJop7} YakA o)A qk Aol = de] EESF tHCarrera and Ballard, 2003;
Smith and Xie, 2013). $7] & A &<k, A4 Hele A2 o HolA 7§, ofAl
of, Zefre} e M&og HFHTHCroitor, 2020). H]=ollA ATE o] Fo
A=J= Ao (Frick ef al, 2008), ot=dE e} Hee} 22 =9 F7tolAM=
Z A -gste] JfATe] HAGHEA EF AEAS A HGalende er al, 2005).

x4 F7] o] %o FtEolA A= Vi r]s FeA viAle 3EE
Ao MAF7E F438 AT BF, 17417 e RS JE A" ¢9(AE
Aol Abgo MAIFE A Z4AF HInformal Interview). o] % m] =3} 7Y
Utholl Al 11237041 ¢ o] ol FolHth 1997 d el Aluittel A =i A A
A ARA ZAIHCWD, Chronic Wasting Disease)e] A=} o™ (Sohn ef al,

2002, 1 F Fujel A Aol AAF MR s D BB UL A
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Aoz FAAY. AFAMsE F I T4 1,0074A2 AHES AMSSEAR AL
o] & A3 /A= 2004 S513/MAZE 7S Ao 2008 19471A), 20201 9479
AZ Hxp 743FATHON et al, 2019; Ministry of Agriculture, 2020).

Fig. 4. Cervus canadensis in their black coat, captured at Mulchat-oreum, Jeju

Island (Source: Banjade, 2021).

4) YR (Sus scrofa)

) A= A Z(Artiodactyla) W= A #HSuidae)dl] &3t FoE
Z4o] 1,000~1,800 mm, A& 40~300 kg A=, BEYFS HA <} v =5}
Ak wEgEs 1 dF ol FIHE AA flo] g F& 53 2o Itk €2
Z2Ag e, Yo7t E45 gnsxit. A Hd wet Fof FA7)E zolrt 9

Jor
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ojf
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)
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hal
°
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Wof sl glon, wolg T W Fo EFE oW AFW Aol =

it
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2AtH(Yoon et al, 2004).
bRl AMAsty, FAHor 1A Be, EEEY, ddes Fopstal Add=
Ui 5 o] Het 52 F&, 259 Hu7], Adelx & Je=th 7S
g2 a7 T2 FAES o] Hol wAk AsE Frh 3 Wl ¥= Al
7 7 o, 1de] A71E o2l A $r]1= ste] W2ge] Zsith(Yoon er
al, 2004; Choi and Choi, 2007).

AFZol A e A k) 23, M2 By §or AP RO IFH
Rou, 200089t o] F AFA FAHEA AT FIFA B A ASE 98]
FoA oA MATE ASAAES BE5t] oS EHUS FoE F3
(Jeju-do and Hallasan Ecological and Cultural Research Institute, 2006; Oh e
2007). & SQ2007)& AF= HFA AZoNA =R 7RA 9] A4S FRlstd e
o, MAL E=7F mobgel wel oA wmido] Hesivy sktHOh er al,
2007).

rr
N
N

i
o

Fig. 5. Photograph of Sus scrofa captured at Noro-oreum in Jeju Island.
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species) =+ = F(introduced species)ol e} . EZF o] A2HLAA A
dE AEAE Ao AR dog QIfFHCRE oFAA WA= Ae
A = (Reintroduction)e] 2+ FTHIUCN, 2013). HETA BAH L oo #A3
HE A 2z Dol oJatd, W E(Alien species)o]@ JZ o ZHE 219 A
=

4
t AdAor g9so] 1 Beo] A4 EE A4AE Holy £ =

o2
il
o
i)
o
i)

Boa da, A8 B, 499, 5aRe 5 o4 wely Haw B
Zeto] 243 e olof & o]t

metd o AelNE AFES oYW AL U] BEEFL wota)
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o #1A
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f2oltt(Jeong et al, 2015).
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Fig. 6. Map of research target site.
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AT AA A& F F 830.94 ki(SF 45%)7F 2002 Ul A “AEAR
AAYGr o7 AAHEHY o, e F2Eo] A4st= A oltkISSGP, 2012). A
FEE T B30 WEFAE Bkl on o] F 5ie HAEFAR 55
Ho] JTHKIm ef al, 2012). WEFH oz ZQa3 o] 5719 TAEZLEAE FAR
7t FAREAGORE FI7IE AAst HoE B 9 Hesta Y

2. XA Al7]

A A AR 2020~2021 30 FHAA A BAA AR 210 AR ol gk
o EE MALE Aot BAst ARSI AlFEdM = HHAE FaloF
AEER AAst E£3sta SlojA AFAIeE AAZA L] AAA £83A2 FA
of 2020~2022'a WA EHAH e} Fao] U ARE o] &3

AbELe 2018 10€95EH 2020 12€971A] A ARETTHE FAHOE
£4 T 4% FHHL

wolstulets ol g Fviet =W =} wa
=

FA3te] HlolEE S35,

_17_



3. 7=t EHY

2018 10€¥E¥y 2020 12€971A] A&y "dEHxe] X HE XA
o)) F-<17kM 2 ROBOT D30(Bushwhacker, Shenzhen, China)E A X|sle] ZA}s}
gh. Fogtvets e HAR T TY S FA =R o] & o]

HU
>
|y
AP
K

glE vEHAER, 24 Fo| TFo] FUH FRE FAHLE AN & 1 m
w=ole] uiol 1A OP‘RiE}(Flg 7. FA7M e AR F2A AlA 7)ol

A0
Ao} FAFES HZ ol FhHet 7 o] EzEHW AFoRE AFste] AR
< Y@ @ AAVE FEHA BEEHE AE A H3 2FE AAANTS
1oz MdAI}AT 7HHgE A AHe] X HEE GPS GPSMAP62s
(Garmin Inc, USA) AHIE o]&3te 71535 on, shve ERL g X
o] wjY HAste W Rest=e} e E n3tAch

)
N
ob

o - Mg
e %, ~
(4 -
4 3
4 -

Fig. 7. Installation of camera traps using unmanned camera.

_18_



=% Fo EAg 22 H9E A A& @A ZAEAY F - i 4+
e BERY AFeR ofFstuA A3 H1sAY, ZUHT A9 YA <l
F2 =AHRandom search)ell 2Jste] FAH = 2445 MASALA=, 4o &4,
Fal &4, URe F3, MAE, olTTR)E #dd e dFzAEe &8

3} th(National Institute of Ecology, 2019). @A A2 £ & A oA AR
% GPS HEE 539 on, AEe dAdo] Bad Heode AFAE wjAd
A5 EA=Fg 80, WA=

of

29 oldte] ARHoT EBRANTL Aol
(Fig. 80, 29 B2& FHOE 2ASGO, F2 T HIAG S FA
oz walzbwete] W9 el £HE 2ANGT HEAL, HeAE, A3 B
A2 (Fig. 803 MARFig 8D T BHE =Tk A o7k AW, A
9 Assos BAstsch o

Ao 74 A=(Fig. 8a), HIWE(Fig. 8b), HIWE o, wjAdE 2828 SO

ofN
[o
>
%
ok
N
rir
2
i

o A EHNeR S4FE 4

2 I 54T F U]

a. Footprints of Sus scrofa

d. Droppings of Cervus spp.

c. Footprints of Cervus spp.

Fig. 8. Field sign of Cervus spp. and Sus scrofa.
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5. FEXEF S ol&F AHA A=

1D FE X =¥ (Species Distributions Models)9] 7/1d & &&

AL, B AGH B 8 SAREAG] YT AAZ AAE AP N2AR

of 8% A5E &8& 7lesttiKwon ef al, 2012).

FTEE dF& 98 A v 2FE0] i FHE&HT Uk HZo ®ol
olgx1 Qe ZIYEZE= GAP (Gap Analysis Pro-gram), A1) X]A g X<
(Habitat Suitability Index; HSD9} & ©<= 2 U3 AFIAEN/IHEY &
d/MmEHAFTE o] 83 GLM (Generalized Linear Model), GAM (Generalized
Additive Model), CART (Classification and Regression Tree), ANN (Artificial
Neural Network)¥} #+-& thakdl 3|84 7]/ (Scott et al, 2002), —L1e]a tr]=
3 7HMulti-Criteria Evaluation)y} FHX|o]2& S A AX By Eo| o]&H

HZoE =AAFETS o] &3 Maxent (Maximum Entropy ModeD9} 2 =3

o] Wo] o]&E 1 QuHSeo et al, 2008). 1 = MaxEnt =& & v|wd HZo 7
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TE AAsIY, 2ddugEFS FHE&st=u ¥ GIS(Geographic Information
System) FUNFAEE A ZsATHTable 3). FAWMF A5 F= TR
ArcGIS ver. 10.8 (ESRI, USA)»S &-&3}ith

A& 80 F APL<le EarthData (https://search.earthdata.nasa.gov)e]
Aster Global Digital Elevation Model V003& AFg3la] i1%(elevation, DEM), A}
™ (aspect, ASP), ZA=(slope, SLO), = %71EX(hill shade, HILL)E A|23}%
o 2% 0 molA 1,926 m7FA| B3E8H I(Fig. 9a), AMHELS A% HAAE 10
M WEFo =z vro] Aoz Y thFig. 9b). BAEE 0° oA 64.78° 7FA S
o M(Fig. 90, 9718== 0 molA 180 m7kA|(Fig. 9d) YeERsTh 222l
2F A (https://map.forest.go.kn ol Al Al Fdlh= 53 JFEE ALY 4=
(forest type, IM), ¥a(age class, YG), AFTHOoZRE Y Agl(distance from
coniferous forest, CD), &gFH o2 HE o] A& (distance from hardwood forest,
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of?

F-PK), FAW) 15712 YFAom(Fig. %), ¥32 0950, 1952, 2
@), 3951, 4850), 5FH®), 695N, 7485 (®)°] L2Z3A 1L, 8T+, 99
& AlF=ol EAstA adrhFig. 9). IFTFHoLZRE Y Agde 0 kmellA oF
2.6 km7bA] yEbsta(Fig. 99), Eds-do=RE ] Agl= 0 kmell4 ¢F 3.1 km
(Fig. 11h), a9 o= FH Agl= 0 kmolA ¢ 3 km (Fig. 91, v ¥ &5X]/v]4t
YA ZRE 2 AglE 0 kmolA ¢F 2.4 km 744 YeERtHFig. 9)), st e =
EnER 2713704 B 29 (http://data.nsdi.gokne] FX AP T A
lo] stH o 2R E Y 7@ (distance from stream, HM)ol| w3t SHFA =S
ks

dglod, sdozREs] AgE 0 kmolA o 3 kmAA= e

of
i

lo

4y
Ol

=
A
9k).

ol

f
2
o

2918 7 H(https://egis.me.go.knol A A Fd= FTEF T E

A o] g3l EAIEX(and cover map, TP), FAAZRES AT

H
Iz
b
i

(distance from residential area, RD), UF=AZFE<2] Ael(distance from
artificial-grassland, IC), W& &5X 258 ¢ A (distance from inland-wetland, NS)
of gk FAHFATE A2 TtHTable 3). FAAZHE ] Ags 0 kmoll A <k
3.1 km7FAI(Fig. 9), AFZAEZREO AgdEsE 0 kmollAl ¢F 3 km7hA (Fig. 9m),
YEFAZHEE Ages 0 kmollA ¢F 5.3 km7FA] YeERGthHFig. 9n). EA| I &
e FAAE110), FJAH020), GAAHA30), =3} - A5 - FEAAEA40), 2
TAY150), FFAAEAHG1A60), =(210), ®H220), A|AAH]A(230), F5A(240),
ZIEFA B 2](250), g4 E10), AF+H(E20), EAHHE30), AAxA(410), U&
ZA(420), WEFHFAGL0), AtFEAG20), AAYA(610), 71EFFA(620), WEF
(710), sl &F=(720) 227}A FP o= Exst= Ao = veRHEig. 90).
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Table 3. Assessment elements of Habitual Environment

Factors Division Data Reference Environmental variable Abbreviation
Elevation DEM
o ) Slope SLO
Topography  Digital topographical map EarthData
Aspect ASP
Hillshade HILL
Forest type ™M
Age class YG
Natural
) . ] Distance from coniferous forest CD
Vegetation 5" Forest type map Korea forest service.
Distance from hardwood forest HD
Distance from mixed forest HHD
Distance from unstoced land/non-forest MRBS
Ministry of land,
Stream Digital topographical map Distance from stream HM
infrastructure and transport.
Land cover map TP
Distance from residential area RD
Artificial Land use Land cover map Ministry of environment.
Distance from artificial grassland IC
Distance from Inland-wetland NS
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*

s Kilometers
0 11.5 23

a. DEM (Elevation)

Value
Flat (-1)
I North (0- 22.5)
Northeast (22.5001 - 67.5)
L East (67.5001 - 112.5)
I southeast (112.501 — 157.5)
. South (157.501 - 202.5)
e Kilometers I Southwest (202.501 - 247.5)
0 1.5 23 W Vst (247.501 - 292.5)
I Northwest (292.501 - 337.5)
I North ()37.501 - 359.774

b. ASP (Aspect)

'S 64.7649

s Kilometers
0 1.5 23

c. SLO (Slope)

Fig. 9. Environmental variables used in MaxEnt analysis.
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>

e Kilometers
0 11.5 2

d. HILL (Hill shade)

s Kilometers
0 11.5 23

e. IM (Forest type)

mmmmmw—————— Kilometers
0 11.5 23

f. YG (Age class)

YG
Age-—class
1
Il 2
3

&
-

® N > O A

9. Continued.
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Distance (unit: 10 km)
P 0.260316

- o
Kilometers
0 11.5 23

g. CD (Distance from coniferous forest)

Distance (unit: 10 km)
W 0.306339

. o

sy Kilometers
0 11.5 23

h. HD (Distance from hardwood forest)

HHD

) Distance (unit: 10 km)
b P 0.302088
* . o
Kilometers
0 11.5 23

i. HHD (Distance from mixed forest)

Fig. 9. Continued.
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MRBS

X - Distance (unit: 10 km)
0.242501

e Kilometers 0

0 1.5 23

j- MRBS (Distance from unstoced land/non-forest)

HM

Distance (unit: 10 km)
0.30369

*

e Kilometers o
23

0 1.5

k. HM (Distance from stream)

NS

Distance (unit: 10 km)

0.529743

0
e Kilometers
0 11.5 23

I. NS (Distance from Inland-wetland)

Fig. 9. Continued.
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Distance (unit: 10 km)

" P 0.308747
e Kilometers o
0 11.5 23

m. IC (Distance from artificial grassland)

RD

Distance (unit: 10 km)
- [ 0309685
s Kilometers o
0 11.5 23

n. RD (Distance from residential area)

P
L2_CODE 710
I 70 I 20 HE 120
I 1o I 230 B 310

PS [ REN 240 [ 330

620 320 [N 520

s Kilometers a0 NI 410 [ 250
0 11.5 23 150 I <20 [ 210

I o0 B 610 510

o. TP (Land cover map)

Fig. 9. Continued.
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3 MaxEnt =3

AT AR o= W BAe MaxEnt program (ver. 3.4.4)% o]&3lth.
MaxEntes Ho JQEZIE 7|Hlo 2 3= 7|AgEEo|y, SAHSTE 1%
2 A5 AT oty g
(Phillips et al, 2006). T&WHT= ArsS dHx9 =3 #H3x, YA
AR AAH3 A 2R o &%, ROC (Receiver Operating Characteristics), &
A2 t3E AWM F] 7 EE ==

MaxEnt R &o 35 (performance)> ROC  (Receiver  operating
characteristics) =412] AUC (Area under the curve) #< ©]&3] H7lstAd. &
o] 2HFE FA S 0914 1410l o2 veld &= logistic outputs A3 =
Byl oz HAEAsY o, o]= raw, cumulative FEE T} A7) Lol
A2 o] okPhillips and Dudik, 2008). o714, AUCY] #teol 19 7M7heaE =Y
9 o= HAFEr} EHohe= o |th(Phillips et al, 2006). =& A =E= HEdHA
= B7HEE HAY AV dojd & V] Rl RYe FEEE A5 A

T AZE 93] wxHZ(Cross-validation) & 53] A Aste] AUC S AHA 39

l

[e:

l
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Fig. 10. Distribution Status of Cervus spp. in Jeju Island.
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2) ROC (Receiver Operating Characteristic) =+4l

MaxEnt =2 Az}e] Az E24L ROC (Receiver Operating Characteristic)

)
olN

S %3] o]Fo]A 1, ROC (Receiver Operating Characteristic) =X1¢] a}&
%<l AUC (Area Under the ROC Curve) gtoz #2 ZAxteo] FFAHL o

@3SohSung et al, 2018).

B
o~

2477, AUC @& 09482 WmA 7 AEHOR(Fig 1), REAAE
00222 B4el AHHL W Be Aoz Ueptt my s95de ehy

_CIJ__
5079 A5 Sad, 07095 HAT FA%5H, 0.9

O =
olde T2 F¥%59e Yetti(Franklin, 2009).

A o

rlo

Average Sensitivity vs. 1 - Specificity for Cervidae

J Mean (ALIC =0.945) ®
Mean +i- one stddey ®
4 Random Prediction ®

Sensitivity (1 - Omission Rate)
[} L=} [a=} (=] [a=}
w = w = ~

2
ra

=]

L
=
T

0.0 04 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 1.0
1 - Specificity (Fractional Predicted Area)

Fig. 11. ROC (Receiver Operating Characteristic) Curve of Cervus spp.
The AUC of the ROC curve was 0.948, which was higher than the
reliability criterion of 0.7. Red line, ROC curve; blue range, standard

deviation; black line, random prediction. AUC, area under cover.
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3 BAMT 7o B SEFHA

15708 &4 AAZE Arsse] A4A dFol dFe v Aoz YEkRt
o, 7ldeA 2 JldEE dE(Elevation, 66.2%), JUAFZAZFEH A
(Distance from artificial grassland, 9.2%), FAHXZFE <] Ael(Distance from
residential area, 4.1%), UWESAZFEH< Agl(Distance from Inland-wetland,
4.0%), stdo2XRE 9 Ag(Distance from stream, 3.8%), 5<% 7]E Z(Hillshade,
3.3%), vHEA /AR ZRE Agl(Distance from unstoced land/non-forest,
2.3%), Q7= (Forest type, 2.0%), At EF(Aspect, 1.4%), HFTFHOZHE S A
(Distance from conifer forest, 1.3%), &+ ZFEH 7 (Distance from
broadleaf forest, 1.2%), g (Age class, 0.6%), ZA=(Slope, 0.4%), EA I E=
(Land cover map, 0.1%), £&a&Ho=ZREHe A Distance from mixed forest,
0.1%)9° co = A% JAtHTable 4).

AT e FEFAL 7] W] mE MaxEnt 2349 FaAdA =
Fig. 120l AAZE vie} 2ok 2h2be] S Rro] mE A2A o] &gES Ak
A, = °F 600 m7tA A2 EEe] FASA F7FEAT, oF 1,000 m7bA] gkt
sHAl st olF FA4%HA BolX = Aow UeETHFg. 12a). J1EF%
B9 AgE 200 molA] AAEEo] 71 =3 o]F "olxE= Aoz e
(Fig. 12b). FAAZFE 2 At WHEFAZ FH| A B5F A4FE0]
Fobxlem(Fig. 12¢, d), s W EA /M| 4HA| 0o A7}t 77k A4S
B2 HobxthFig. 12, 9. v¥718 == oF 170 mollA A2 &Eo] 7 E3dtt
(Fig. 12f). dd=el =" LuFd, &d-d 5 AdHAAY AA4FE0] =

o2 A= eHFig. 12h). AFREFA A= 350° oo Bl A4 gEo]
=%a(Fig. 12D, |- Egd, EAHOEZRHY Afs I/MEFE A
i EXAR JAFFEHS A2 dA43% 52 YegtFig. 12, k, o).

FEH 5wl AAFEC] 7HE =of 31509 e Hoste A
o2 UERgtHFig. 12). AAFE 10° ~25° AbololA 7b4 A2 8Eo] H9ka(Fig.
12m), EXAIEEA= EdTd, TEH AHJoA AHFgE] A HEwH

(Fig. 12n).
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Table 4. Contribution of environmental variable to Cervus spp. habitat.

Contribution Percent
Environmental Variable (Abbreviation)
Order Contribution(%)
1 Elevation (DEM) 66.2
2 Distance from artificial grassland (IC) 9.2
3 Distance from residential area (RD) 4.1
4 Distance from Inland-wetland (NS) 4.0
5 Distance from stream (HM) 3.8
6 Hillshade (HILL) 33
7 Distance from unstoced land/non-forest (MRBS) 23
8 Forest type (IM) 2.0
9 Aspect (ASP) 1.4
10 Distance from coniferous forest (CD) 1.3
11 Distance from hardwood forest (HD) 1.2
12 Age class (YG) 0.6
13 Slope (SLO) 0.4
14 Land cover map (TP) 0.1
15 Distance from mixed forest (HHD) 0.1
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Fig. 12. Response curve of the environment variable of Cervus spp. a. DEM
(Elevation); b. HHD (Distance from mixed forest); c. YG (Age class); d. RD
(Distance from residential area); e. IM (Forest type); f. IC (Distance from
artificial ~ grassland); g. HILL (Hillshade); h. NS (Distance from
Inland-wetland); 1. HM (Distance from stream); j. SLO (Slope); k. ASP
(Aspect); 1. HD (Distance from hardwood forest); m. TP (Land cover map);
n. CD (Distance from coniferous forest); o. MRBS (Distance from unstoced

land/non-forest).
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Fig. 12. Continued.
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2)Z] o =& MaxEnt program©. 2 HAjo] o]FolH om, FAbo] A
P53 HEF o] &8t AF= W AEEHY] AAAE dFeAt 1:25,000 53
o] dAEdE FAE AYo] RtFHA ol &M I, FF HolH &
Aol o] Fojx| A Fohtt. FAE A Hole= AFEL Fol =dSHA A%, AF

Bro] A2A gFd F&Fe HAA Fol FAE AHe ALt 4=

A2 A o &%+ Max (Maximum range, Fig. 13), Med (Median range, Fig. 14),
Min (Minimum range, Fig. 15), Ave (Average, Fig. 16)¢] 47}A] HEHZ A|2}s}%
o, A=A o Fghol we} S7HA] SEoE UFAT dSgke] 1o ke

AAAZA 8ol Fom, Hoa Aofo] 1570 ANAR o] g8 FFo| 7}

B B Agolth. 4ze] ASEA 1553 25T WAL FE5L, AR
24 Jbsge] %e 55T WAL FASAT FAEY AP & A

Mz
o
o

A AF= A HAHL 1,830.51 ki o]H, oo vl st ZF SF2 W
A48} tHTable 5).

Table 5. Area and percentage by Cervus spp. habitat Grade

Habitat Max Med Min Avg

Grade  Arca(li) Ratio(%) Arca(kil) Ratio(%) Arca(kil) Ratio(%) Arca(kil) Ratio(%)
Grade 1 54.64 2.99 3143 1.72 14.62 0.80 29.45 1.61
Grade 2 58.79 321 47.10 2.57 31.08 1.70 48.54 2.65

Grade 3~5 1,717.08 93.80 1,751.98 95.71 1,784.81 97.50 1,752.52 95.74

Total 1,830.51 100.00 1,830.51 100.00 1,830.51 100.00 1,830.51 100.00
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Maximum range?] At&E4 AAA JZToA 15F A H2LS 54.64 kit
2 AF=E WA 299%, 257 AL 5879 ki (3.21%), 355F AAdLe
1,717.08 ki (93.80%)% o= At Median rangedl A= 1w A9 31.43 ki
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31.08 ki (1.70%), 3~55 5w AH2 1,784.81 ki (97.50%)= dZHAUT. o SH A
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(2.65%), 3~55 = A9 1,752.52 ki (94.74%)Z UEFGTE ALEEY A AAZE
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Cervus spp. max
I 0.00 - 0.01
* 0.01-0.23
0.23 - 0.47
0 75 1|5 km 0.47 - 0.70
L N 0.70 - 0.94

Fig. 13. The Maximum range of habitat prediction of Cervus spp.
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Cervus spp. med
N 0.00 - 0.01
* 0.01 - 0.23
0.23 - 0.47
0 75 1|5 km 0.47 - 0.70
t N 0.70 - 0.94

Fig. 14. The median range of habitat prediction of Cervus spp.
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Cervus spp. min
I 0.00 - 0.01
* 0.01 - 0.23
0.23 - 0.47
0 75 15 km 0.47 - 0.70
t | B 0.70 - 0.94

Fig. 15. The minimum range of habitat prediction of Cervus spp.
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Cervus spp. avg
I 0.00 - 0.01
* 0.01 - 0.23
0.23 - 0.47
0 7.5 1|5 km 0.47 - 0.70
t N 0.70 - 0.94

Fig. 16. The range of average habitat prediction of Cervus spp.
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A= e] EFHol RuHAAY dAHE AL FAHoR £37 AL 9F9)
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2 A= ATHFig. 17).
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Fig. 17. Distribution Status of Sus scrofa in Jeju Island.
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2) ROC (Receiver Operating Characteristics) =+

MaxEnt 2@ ZA3ie] AFBE 24L& ROC (Receiver Operating Characteristics)
HZS T3] o]Fojx1, ROC (Receiver Operating Characteristics) =419 &}
%<l AUC (Area Under the ROC Curve) gtoz #2 ZAxteo] FFAHL o
@3SohSung et al, 2018).

2 AFolAe AUC #2 0.8742 AH3 33 AA7F Utorm(Fig. 18), &+
Hake 0.0302 &4 FgAdo] vl A Yehyth 239 58 YE
+ AUC gto] 0.5~0.7¢ A-¢ A ¥ Td54, 0.7~0.9= AH 354, 0.9
o} & F%4E yehdth(Franklin, 2009).

N

B
o~

Average Sensitivity vs. 1 - Specificity for Sus_scrofa
T T T T T T T T T T
10k 4 Mean (AUC=05874) ®
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09 4 Random Prediction ®
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&
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(.3
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1 - Specificity (Fractional Predicted Area)

Fig. 18. ROC (Receiver Operating Characteristics) Curve of Sus scrofa.
The AUC of the ROC curve was 0.874, which was higher than the
reliability criterion of 0.7. Red line, ROC curve; blue range, standard

deviation; black line, random prediction. AUC, area under cover.
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3 BAMT 7o B SEFHA

=

15719 AT HAZE AAESY AAA S dFS HH AR ey
o, 7]9AM 2 =L a%(Elevation, 34.5%), TEHOZRE S A
(Distance from mixed forest, 15.5%), % (Age class, 11.9%), =AXZFEH<2] A
2](Distance from residential area, 7.7%), 47¢%=(Forest type, 7.5%), & Z=A| ZF
Bl Agl(Distance from artificial grassland, 6.4%), <<% 715 =(Hillshade, 5.3%),

SE5AZFEH AglDistance from Inland-wetland, 2.3%), sl S 2HE o] A
Z](Distance from stream, 2.1%), 74 AF=(Slope, 1.8%), AbA&H(Aspect, 1.7%), T
T2 HE ol A (Distance from broadleaf, 1.4%), EX|3¥E-%(Land cover map,
1.2%), A2 2E 9] #AgDistance from conifer forest, 0.4%), 7] & Z-=]/6]AkA]
ZXE 9 #AgDistance from unstocked land/non-forest, 0.3%)%] <o & e
tH(Table 6).

AT BE SEFAALE 77 W WmE MaxEnt 23] FAAAE
Uehd T ZolokFig. 19). 77l Ao & AAA o] &FES AHE
A, 1=7F 7 2 71 =E vUEde, 1x=7F 0~-700 m 7kA |
o] FA3] Tidte o= UelwthFig 19a). Eado2ZREH #AZ(Fig.
19p), st o =HE 9 AgFg 19), IFT-H2REH o AFg 19D, Fd+H4
o 2H5HY ALFg 9= 75 A4 g8 don, dgdAes A4d

A
o] A& AYL tFE Az Adzsdyt 295011-20848 a3 F HlE&o] 50%
o’HI 5YFUI-H0EA FAHF WLl 50% ode AED FEol UG

-

(Fig. 190). FAAZHEEH A= 300~400 molA 71 = om(Fig. 19d), ¢
SoA = grItAUF-oA AMAgEe] 7H EhtkFig 19%). lExA
Ble] AgE 300 molA A2 SEo] 7 EY(Fig 19), S EsE
2 A2 gEo] Eghor(Fig 19g), WESAZHE S AgE 600~800 mol| A
g5o] 7pd mJtHFig. 19h). AAL=+E 10° ~ 18° Atojo A A2 &Eo] 713
SEal(Fig. 19), AFRZES W2(100° ~ 250° )o] 7h4 =7 UehdtHFig. 19). £
HJELAS AAgES £8F, FATH, AgTFHadA 7 =4 UEET
(Fig. 19)).
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Table 6. Contribution of environmental variable to Sus scrofa habitat

Contribution Percent
Environmental Variable (Abbreviation)
Order Contribution(%)
1 Elevation (DEM) 34.5
2 Distance from mixed forest (HHD) 15.5
3 Age class (YG) 11.9
4 Distance from residential area (RD) 7.7
5 Forest type (IM) 7.5
6 Distance from artificial grassland (IC) 6.4
7 Hillshade (HILL) 53
8 Distance from Inland-wetland (NS) 2.3
9 Distance from stream (HM) 2.1
10 Slope (SLO) 1.8
11 Aspect (ASP) 1.7
12 Distance from hardwood forest (HD) 1.4
13 Land cover map (TP) 1.2
14 Distance from coniferous forest (CD) 0.4
15 Distance from unstoced land/non-forest (MRBS) 0.3
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Fig. 19. Response curve of the environment variable of Sus scrofa.

a. DEM (Elevation); b. HHD (Distance from mixed forest); c. YG (Age
class); d. RD (Distance from residential area); e. IM (Forest type); f. IC
(Distance from artificial grassland); g. HILL (Hillshade); h. NS (Distance
from Inland-wetland); 1. HM (Distance from stream); j. SLO (Slope); k. ASP
(Aspect); 1. HD (Distance from hardwood forest); m. TP (Land cover map);

n. CD (Distance from coniferous forest); o. MRBS (Distance from unstoced

land/non-forest).
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Fig. 19. Continued.
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o AAA dZe] FFL MAA Yol FAE A

A2 A o &%=+ Max (Maximum, Fig. 20), Median (Fig. 21), Min (Minimum,
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Table 7. Area and percentage by Sus scrofa habitat Grade

Max Med Min Avg
Habitat
Grade .
Area(ki) Ratio(%) Area(kil) Ratio(%) Area(kl) Ratio(%) Area(kn) Ratio(%)
Grade 1 4391 2.40 27.16 1.48 15.04 0.82 25.20 1.38
Grade 2 69.62 3.80 71.38 3.90 47.37 2.59 69.62 3.80

Grade 3~5 1,690.64 92.36 1,731.96 96.62 1,768.10 96.59 1,735.68 94.82

Total 1,830.51 100.00 1,830.51 100.00 1,830.51 100.00 1,830.51 100.00

_48_



—

Maximum range2] =lE|x]o] AAx] dZToA 15F AHFe WAL 439
kiZ AFE WA 240%, 255 A9 69.62 ki (3.80%), 3~55w Ag
1,690.64 ki (92.36%)% o= At Median rangedl A= 1w A9 27.16 ki
(1.48%), 255 A9 71.38 ki (3.90%), 3~55w AF2 1,731.96 ki (96.62%)=
o =5 a1, Minimum rangedl A+ 159 A9 15.04 ki (0.82%), 259 A Y
47.37 ki (2.59%), 3~55 5 A9 1,768.101 ki (96.59%)Z o|SH AT} o =H A
2 z2)9o] HHF WAL 153 A9 2520 ki (1.38%), 253 AL 69.62 ki
(3.80%), 3~55 7 AH2 1,735.68 ki (94.82%)Z2 UEISTE A2 A o SFZolA Bl

HA 7L MAD FEol w2 1, 285 A2 F= AL MF] FHALE

A
71 Al ARE ACE dFEE 159 A9 WAL 25.20 kiZ A% H
Ao 1.38%, 255 AHL 69.62 kiz AF=

ZUldl A A7E WA AR "G ATARE AHRY, FUE FFEe)
WA EAAT Aot QlTe] HEA A Kim, 1998 whge] gla

@ gare] £38 £YUe AAAR HBe, JEHol HHAR Y FAW

ﬁﬂ
£ ow R

Rl

JF) FEFYL F2 o §3a, AWl 29T EAYS HEWT}
A
1=}

o
X
1>
rich

_49_



Sus scrofa max
B 0.00 - 0.01
* 0.01 - 0.23
0.23 - 0.47
0 75 15 km 177 0.47 - 0.70
! | Il 0.70 - 0.94

Fig. 20. The maximum range of habitat prediction of Sus scrofa.
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0 7:b 15 km

Sus scrofa min
¥ 0.00 - 0.01

0.01 -0.23
0.23 - 0.47
77.0.47 - 0.70
I 0.70 - 0.94

Fig. 21. The median range of habitat prediction of Sus scrofa.
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0 7:b 15 km

Sus scrofa min
B 0.00 - 0.01

0.01 -0.23
0.23 - 0.47
0.47 - 0.70
I 0.70 - 0.94

Fig. 22. The minimum range of habitat prediction of Sus scrofa.
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0 7:b 15 km

Sus scrofa avg
N 0.00 - 0.01

0.01 -0.23
0.23 - 0.47
77.0.47 - 0.70
I 0.70 - 0.94

Fig. 23. The range of average habitat prediction of Sus
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kil = AR 3AdESC] Bol A4st
o, A AeEudde AUFTY 7, AAA WEE, 71FHEe e dow
Al Wt ltk(Hong, 2014). =4 Aol A4st= tiFEe sE=
< ZAATE Qe A AEste 33 sEo] AstdE AerF wow, Wil
At F=ol Blsl WA sEHo] Bolx & Fdeo| AA EgsiA 83
o =3, ZAEd SA5EC] JHTeE EYFH A AfFFTol A2 AY¥ES
He s DA, Qe HAAe VAT Adoer AEo] dHst= A
3t wrAlgtk(Jeju Environmental Technology Development Center, 2006).
A AAHoZ AETGHo] Ty oy, tERTUE= A3t I AtolA
Teol EFsta o, EF olf F /M tiEAd AL
Qe Fe] #<olthWhittaker, 1998; Hong, 2014). AlZto] Aol uwiel o] eFo]
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I - G4 3y, d3 ot 9 Y F Fdd UE 9 5 XS e
AZTEL AEH o7 351 By sfoF 3thRussell er al, 2017).
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5 2o A o] AAtHMinistry of Environment, 2019b).
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Table 8. The number of captured Sus scrofa in Jeju Island(2015-2022)

Year No. of captured
2015 34

2016 54

2017 108

2018 91

2019 248

2020 253

2021 230
2022.9 210
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