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Wild Boar (Sus scrofa coreanus Heude) Habitat Modeling

Using GIS and Logistic Regression
Chang-Wan, Seo* - Chong-Hwa - Park**
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ZE A% 7I2E vt gk AR RES 7] 9% A7 e 2 PHe o 2ok 34,
AR M A] EAE setaty] 91ate] GIS A8 E FEIG: WEIX] gx|geke 915 9ATH=
B71ET GPSE o1 83c). B, WA MAA ol g3} f-84) Fake HNE AHIAE Hotaly]
9180 1 A (Chi-square test) S AAFHGTh Mo, HH QAR e} RIS 2a17] gt A 13
AEY LS Ao ZA2E SARAG o] &k B A7 Aub= veat 2k AA), wlE|R) e A4
A o854 £49) At P a8n SERFRAE T o122 ¢ glon), A a8 A
AR FEEoME AR o845 Zolrt BT A& B < YU A, AAA 584 4] 2
o AR ] MGG L vl DA BF e s Ha1, & P4 2T FFe] FoAe) 9
= RE dehgt W, BAL SAAIF, B ela dAEe] A9 BAE fejAdo] Hol Aukdow
MAAE AAshs S84 B & itk miARte R, AiE Nax] H3tgrde] Ad o&gE
055 7IEo2 A AR 7530%, MRS 8426%2] H& EFAFES Uehligc 23z
At oA W] B¢ AAAHAE 73.07%, ANANRE 80.00%2] ERFFES VERIAL, A
RN AAAAA I} 75.00%F e} B 2] AlF)yo] gl Ao 2 dAdEdo)

F80] 1 MAA] 1Y, GIS, EA2Y AR, dAFTAZH 7Y, GPS

Abstract: Accurate information on habitat distribution of protected fauna is essential for the habitat
management of Korea, a country with very high development pressure. The objectives of this study
were to develop a habitat suitability model of wild boar based on GIS and logistic regression, and to
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create habitat distribution map, and to prepare the basis for habitat management of our country's
endangered and protected species. The modeling process of this restudyarch had following three steps.
First, GIS database of environmental factors related to use and availability of wild boar habitat were
built. Wild boar locations were collected by Radio-Telemetry and GPS. Second, environmental factors
affecting the habitat use and availability of wild boars were identified through chi-square test. Third,
habitat suitability model based on logistic regression were developed, and the validity of the model
was tested. Finally, habitat assessment map was created by utilizing a rule-based approach. The
results of the study were as follows. First, distinct difference in wild boar habitat use by season and
habitat types were found, however, no difference by sex and activity types were found. Second, it
was found, through habitat availability analysis, that elevation, aspect, forest type, and forest age were
significant natural environmental factors affecting wild boar habitat selection, but the effects of slope,
ridge/valley, water, and solar radiation could not be identified. Finally, the habitat suitability model
had a high classification accuracy of 75.30% for total habitat and 84.26% for cover habitat at cutoff
value of 0.5. The model validation showed that inside validation site had the classification accuracy
of 73.07% for total habitat and 80.00% for cover habitat, and outside validation site had the
classification accuracy of 75.00% for total habitat.
Key words : Habitat Modeling, GIS, Logistic Regression, Radio-Telemetry, GPS
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Al mpolt Ayt -9, oRFE AAA]
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o] T&AQ #YZF Ao |t o] E 427 1997; Scott et al. 1997).
7S olFstaL Hol ' AMAAE R Syt AeARYE Al AT H
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£ 99 MR BERY, FBE % 44
A ol4 B A7 o wHg Aot

B A7 Aue] A50] Folsn YA =
Apgol Fe Seldele] EA SuE
(Umibrefla species)o]e} & 4 = A=A (Sus
scrofa coreanus Heude)ol] thgl AJ4A] ZEAAR s
MiE T8 718 MR ZE9] g Hekst
o g5 WESIIFON} waBe) AAAE 4G
S WSl SHIEE B Al BE ek
Hell 783 7125 AFspaA ok

2. ¢+ AL

A A= Fadoln, duje} TAE Fol3t
31 =EZ](Coblentz and Baber 1987)v} <] A}e] 2]
o] R o By Herh FE LA A
g3t ghrgde dAZ F4e FHa Y
(Kruz and Marchinton 1972), Y423} U2 o &
9] 938 o]FTtHMauget 1981; 719 1994;
Russo ef al. 1997; Caley 1997). E&Ael= nl2
=, o WA, oAl 2 ZdjE o188t Al
=tk ALole JADAEE s, 1 g A7)0l
© @SS dvh F2 R gE, 4t
&, &h5ol 423 cHAbaigar ef al. 1994). 1)
I FHE Qo3 AA vigte] §lar sido]
ZEE gaplo|g Fof it} uldx]e] &5
o] AARE Alofz7do] obd Aoz ®Hy 9t
(Albaigar et al. 1994). ZAle)E AAFR| o
H Zx7F FAAS X 3L da
e A, Fihe APe] FEY
Al Fo] erjgtx WE & ¢ UE
THEEF 1967). &2 MAzdeozE
ARfo|L} M AR Ao X =2A 3
A e AR YEIGTHRHEIE 2. 199).

Z+ F2)9] 3% H(Home range)d FE-% (7
A 1994) A4, EH, AFE, FALL, F
A §& FRcHelFhH A1 A 1988). A
2 HEAoT AL 3501222k, ¢
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111522 e}, 2719 FEANA =
A WeolyA] gi=tiSaunders ef al. 1996; Caley
1997). Y W PFHL 25.1~33.2ha(Russo
et al. 1997)1e), @Al glert Holo] u}
g dF5HEY ZV)E d=24 el (Massei ef
al. 1997), A 21X 2] Helx dEbAdokSpitz e al.
1995; 717 1994).

AAFQ MHA] o] 8AEE HH3] AHE-E}
7 SME Aol AEA 2R o
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THNorth et al. 1996). o] A <]
< YA 7] (Williams 1981), o]
E8AYH HEHo| X He]
o 48t Morrison 1984).
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T 9E BAE 8% o Hgs7] 95T
(Press and Wilson 1978; None 1986).
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2g 3ARFPe] Bt A3 Aer Y4dn
(Press and Wilson 1998).

wsiz)e] e HT AFRE, ATV
WHe o8 AAAIE ] B3 A7(Spitz and
Janeau 1995; Dexter 1998), 3=Ax} e &4
(Russo ef al. 1997; Massei et al. 1997; Caley 1997),
A8} Zw(Janeau ef al. 1995)0]] B3 A
7} o)Folxleh 1t ullshA]el tigh A4 A At
3 BRI i A7 Hmlsith

Syt Rt ofEES] 22 2 A
Az @3 7|2AR7F Ha o] Fok GIS
AgATe} FQ HIFEL Ix R A £

RO

T qZ%e oy 2049 el Uk o
3 4, A% ol U@ AATHEH) ANE
il e 1990). ZAFl e Ar5A
W3 A o go) B ATE ANAE o
Ho2 B AT YOT(ALE 1994), o] AT

ATE o] &3l MAA AFHRFES A
HTHo S 1997; AAF2 1999). o] RHEL
XA A o]gstEe] #AZS BEUE Sl A

BAZME olgdgont FARY AFolt
e R DERIEDEE
JEVER T
34, CHARK] 70
B AT gAAE BUE JUT 9E 3
Azsh WA oA Arhe) WA F4F
—

(A7 : oF 483ha, AE : 128° 41" 437 , ¢
37° 55" 597 YALW 19997 AUE AT
719E 25 Aot o] HEARR (A
: oF 210%ha, AE : 128° 27" 39”7 , $J&= : 38°
1" 59" )& Zd7gstAie] =] 1997).

ok dIdAY A ZEANLEES g A
AAE EAUFA 3% AFSUHEA(T%)E
st RS S8 7] 2 44
ZA71HARE AHSE] W] Ase] &4

P
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b HiES
S 93 AT ASHEARE T W
Ae BAUAAE dAsta, Al 28 A
& 98 UHA A9E A5ddA= 245t
Ak 1988 A5G A A F Aol 11,898m
o ojl2& HAE AX|sta, 1989 BHA] 45
AA(GAH:36, FHANE WAEIL FA7 9

1998). 1989\ o]&
fAem, 2
| o]FHt 21 oA
1o 7} REYEL =A<
o d(Territory)® FFHAS 7HA AT AH
1994). AgFHoz AT didAe] BEFo 9%
& TrhaK628.1m)o] FHE AR o T
ZfERE A Eo] BwA 7k} 7Ho] A&
Aoz F 17me +FHA=7E 2AH ] qUth
e ¢F 200~600m= AHA} 15° 0]3}e)
AW 17%, 15~30° o] AR 7} 75%, 30°
o] FA A} 8%AATE AA AL doH,
A BEo] AFgsith Jte 3T, A
YU T FINEFE o|F o FEFH ol
138ha(28%), & o] 205ha(41%) = HGFHol
F5 o]Fx glov, TAFE u AvETL
THE o]Fa YUtk
Aok F s 1S ek AN AL
AAdlelle F5 AR 7 A xSk gAbE
= AU 23> BA B3l JlojA] HE-
ko] A 2,049.50hat 1987 114 30 &
dARTHOE XFo] BHEE Stk

al

32 M2 $7 W 2R

B odAqdAe dJ=A Y 2850
&alnz AMAA] BAE ditE A2
(Macrohabitat analysis)?] oA HZ3IHG-
P& AFEo] FHRA B EHIAE F
8 F2 Pl MBEH MHA S
23 9] 279 Be BeF H4A B
Ag AAAQ] AZo] Hasth AR #F
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Gise EX|AE! B|FRME 0[S SRR MAX] B i

2 B5AH JAtE A FARAE 97
FXZ4 7] H(Radio-Telemetry)-S ©]-&38l51 L
Ao gk XA A ] 545 FI1HQ A4
ZAE 19 GPSE o83 BAEAE AN
At
WA AAAS) BAATE QA 87
2% AART) AFEAG 48 125,000 A
He, 3 AAFerS 93 125000 YT
2 AHesATh geby uisle) 2Acne pe
A AEAQ wshe st AT
A otk AY=E Fi 5 FEIu
DEM(Digital Elevation Model)2 A% t}-2, X
FEE AASt B3, FAL 3 A AS

pran

BAE EASIA do} BE FAWS
o2 JYFAT.

22 S 93 Ame T a2 BAG
918 A(cel) ATk GIS E4jel] ALEE 93]
AzE AAFAZHYE AS 27} 900
(A9 1994), GPSS] 79~ 237} 20~34.8m

<Table 1> Environmental factors related to wild boar habitat at the Yangyang

At T e
ELE1 low 402,300
Elevation ELE2 medium 1,787,400
high 683,100
SLO1 below 15° 376,200
Slope SLO2 15-30° 2,136,600
above 30° 360,000
ASP1 east 393,300
Aspect ASP2 west 559,800
Topo- P ASP3 south 679,500
graphy north 1,238,200
SR1 low 252,900
Solar radiation SR2 medium 1,071,900
high 1,548,000
Geomorphology CUV1 valley 1,458,000
(valley/ridge) ridge 1,414,800
Dist 4 DTW1 below 30m 1,216,800
‘i:r“"e ° DTW2 30-90m 1,187,100
wa above 90m 468,900
FT1 coniferous 953,100
Forest type FT2 hardwood 889,200
mixed 1,030,500
Forest FY1 below 10years 798,300
Forest age FY2 10-20vears 1,825,200
g FY3 20-30years 230,400
above 30years 18,900
Total 2,872,800
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(Ardo and Pilesjo 1992)% vyehtar, A4 AA} A
79 720 AEE ANF=e A= FHHoI

1/25,000 9-& 7ekate] Aol =78 30%
AAstgi.

=) A o] AAA] o]8-
A=A AE Y U&-E #738he
® UEAY MAA o] 858L et}
of AEEGH/LR), ALE(AE7T),

FH(AF, AT, 2T A4A K3

AR Grleh 48, AYY, 2% #8
3 ARE FA2AE FANE QolAnD 4
ARNERIEARE o) SR, HAA £
B ARE Q4TS INAR Y GPS AR
TS

GisARe wA¥ PEE A4e 9

Arc/Info Ver. 7.1.2¢} ArcView 3.0.1& AM&3}3L
om, FAAN mA2Y JARHL 9 ¥

AR e]E SAS Ver. 6.1.25 AHE-8FAT

33. AMAIX| 2E Jlgt

Ao mRMLS 95 M2A AR FE
g weE ARsE wHen Y AARe B9
AR S BAE fidel e B4
a0lse WseA Adsgrk o] HHEPS
olgale] HAx EHozRE WA &3
Agow BEd FES 2% 5 Yok

el gaEe] MARATE A ol
A 23/MEF A8 T ol/YY Az} T

= Jhxe] ERARE o) o AToIA
Beo 2R G HEUR| G Aol F Lohr]
s A thdAe) AREA ol olsEtk
(Whitmore 1981; Mills et al. 1993).

olaygt WHel Age theel % X e
sefshot Aok A, FRAGL NAA N
3 Fololof @tk A, MEEAGe N2

RHGY Folojop @), wep HRAAN o
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- Bt
g9 F A E msfeor stArk A, vEd
o] A QA X3 e 28A

ArTh A0l WHo] AEF HEFHAY
o] A YR} Holok FHKvamme 1985).
4], 59HUSFEY] FHAVERE AA v
o]ok 3+l (Haining 1980).

ZAA 2 A sl EHX G AT T4
A= AAFXAZA AR} EF
A2 B3 3279 GPS ARE B3, & 124719
AwS AHEIAT: AWAAA BAg f8) =3
Ade] AL FHZAE BT 50719 dA4FAIS
A7 A RS EAZALE B9 19709 GPS A=
2 B3}, & 69719 A=E ARSI

i=] o]
—"@la

=31 927119 £

NZAR G Beelle FRFEHE AHES
of YARAZANHAES Ha LAFAE
WA 900m (14 1994)$} GPS A7 9] LA
%J(Ardo J. and P. Pilesjo 1992)7} 20~34.8mY &
ekt 2HAGE FAOE 30mo AHe

A2 A Aol HAA AR 1437, 7
WA 1979 MERALE

B Ayl 2A2Y AR
7} olgelnr MM} W
A AL WA 0 EE 19 g 2
ool @k 49 gl s wi AmE
et ol olghEs y,sh le Awas

z,7t 7 AR HEE FAET
(yvazvl,ZDZ""’Zvj) sV:1,2,' n .
2X28 HARHL dhEHEr} oy go|n
2 oS pEEn
v,=[b SEel b,
0, g5 1—p, ,
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GISe} EX|AE] 3

H2HZ 0l

b
B+ 2 Bj 24

B BUEX] MAIX] 38 THet

exp

by = = L i=1,2 .

1+ exp |5+ > Bij-”
| 7=1
olg ] EH3H 2y 12 4, ZHn} 9 px
)
A MAIX] 0|85 B
]_1
AR Aq4A] o] 854 EAo] A} A,
2 A"y Y, E A= Sgoleg g BERIRAME FIF K|S & 71 2l
(Stokes 1997, F&X 3t H&F 1999). o AdE A= 3, AN, Al 2}
A= 2YL Qasly] Aste ST wade] A ol& HHed, ‘ﬂ*‘oﬂ’— A=, 7Hedls T
2 (Model  selection) &2 o} A A B2 Aoshs 2& & 5 UAHTable 2). XA &
(Akaike's information criterion, AIC)S L8319 ‘ﬂm"ﬂi - 7S i@‘ﬂl‘i AR 9] Aol &
UBozdogan 1987; burnham and Anderson 1992; A= i]‘—e ﬂ]gﬁ:”“— el A Fpe] }O"]'j
Mannen and Pelion 1997; T2 43 H37 1999, b AAA 1850 Aol Fald Ag 2
o] WL AR xFHo) e ARG T AT A WA 3GT 24
0 = 4 @Jql AW, Hol, E, TS 25 ¥
Mg A4 T RES A &2 ﬁ:ﬁcﬂ] = = =T

= AAAXRANA Bl ] A% 7301] 3

Me WA HAAF X (stepwise selection)H}H ]
shl Z A el (backward selection)S E3)
¥ Ae W A= vobe, o 3
Aol AICE Axbsle 71 A& ghg 7ixe

/“E_Q_

23]  AgE A4 (Goodness-of
Fitye A2 ABAZ%(measure of the
ordinal association)E E3) 7FA 3o} 1 Wby
o 2+ Somers Dxy®} Goodman and Krukal's
Gamma® o] § 3}, o] L AAs} o] 22
Asoe MnE o YoAE ROz -1~
19 @ A, 19) ANesS mH e o
Zeo] £0. RHe] REFIEE Aoz
A k¥ (jacknife approach)y& o] &3 B &

(cutoff value) 0.5 7|Fo2 &4t o}
ghA dF2Eo] 0501Fd W MARZA

BRerh

91

9”‘?‘

0.94_1_41219,
ELJ _I>‘ o,t m

g YRE AdF BHedos Ky, ¥
L Aol frolgol gl AAE Urﬁ}kkiﬁ%

4 3 ANARAE Ea, 3 9

17
o frelge] g AR hEkh BAL
AL, FUAZ, B A FAA frelAol
o dwHon A9 A BAUA

2 2 4= g19TKTable 3).

EEIRRES

AAX AGARDE Al
K ] 9=

3 = BAA Fefde AFE
< AeEsfof gt} Manen} Pelton(1997)2] -2
AMF ZAAE 57 &4 (univaritate logistic

regression)oll 4] p-value < 0.25¢] WHFEEL XA
shte, B 2Ee A% AA o8y ¥



<Table 2> Difference of habitat use according to sex (maleffemale), season (summer/autumn), activity types (sunrise,

sunset/daytime, night), habitat types (cover/non-cover)

15.30 0.01 15.38 0.01 6.23 0.04 30.18 0.01

Elevation 2

Slope 2 10.00 0.01 8.65 0.01 0.28 0.87 7.14 0.03
Aspect 3 2.80 0.42 821 0.04 545 0.14 37.18 0.01
Solar radiation 2 7.03 0.03 6.30 0.04 1.76 0.42 5.61 0.06
Geomorphology 1 0.22 0.64 432 0.04 0.88 0.35 1.06 0.30
Distance to water 2 0.06 0.97 1.26 0.53 0.94 0.63 2.84 0.24
Forest type 2 9.75 0.01 343 0.18 4.46 0.11 24.87 0.01
Forest age 3 3.00 0.22 225 0.33 5.42 0.07 16.21 0.01

<Table 3> Effects of natural factors on habitat availability.

XZ
Elevation 2 74.62 0.01
Slope 2 3.70 0.12 0.07 0.79
Aspect 3 13.69 0.01 43.85 0.01
Solar Radiation 2 0.41 0.82 0.15 0.70
Geomorphology 1 0.09 0.76 0.21 0.65
Distance to water 2 0.88 0.65 2.88 0.24
Forest type 2 65.20 0.01 50.37 0.01
Forest age 3 23.59 0.01 30.70 0.01
Ao A pvalue < 025%2) HEES HAAG3A T ELE2 + 2.6418 X FY2 + 13774 X FY3 -
weta] AR NME A, FAL & D 0.9763 x SLO2
FFol AAHAUH, ARAAAgM= £,
%, &, 94, dee] ARHA iz kA
2ydd BPe F3) 49" AANAA &
Y@ oA AAA AARTe oeY 2o Py
(Table 4).
® B waje] A% 7249 A7 SommerD-0.605,

Y = -2.8830 + 3.1764 X ELE1l + 1.7969 X Goodman and Karuskal's Gamma=0.6810] 1}<} A4
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<Table 4> Backward model selection for the Regression mode! of total habitat and calculation of Akake's information criterion

277.743 303.109

1 FT1 1 0.0191 0.8902 277.175 301.128

2 FY1 10 0.0709 0.7901 277.202 299.202

3 ASP1 9 0.3201 0.5715 277523 297.523

4 ASP3 8 0.4837 0.4868 278.010 296.010

5 SLO1 7 17346 0.1878 279.996 295.996

6 ASP2 6 2.1010 0.1472 282.080 296.080

7 FT2 5 1.9135 0.1666 283.960 295.960
Pt 2@ dSALelel ATgo] U= ROE aeE]a
Yepsith Pt

0~174A18] AN 588 058 7€ T lte
o7 ste] I ol4E AANAAZ BT B
(Figure 1) AR N2 AFAREL 753%) & T2 44 ZF BALNEY] EHS B BT
FAZEE /A3 gJtiTable 5). o]= A& 7F YA F7E4E0) A9, o] Wikl A o
Hgo] A=A 4, o5, gol T EHS  Fo 204 o)1l A9 EEge] BA Ue
ol WaH el Fas 2Xdthe A AAE yw o] WA T A vERtTh el
o Aol sle dxvetal ddEnh Ao 29i2=0) HF| VP EaPo] A

Qe oz AANGAE e A A

€ SMTE AA Qo] T8 A|HoR °V§
TERTY AY AeAHoe=m #ATsors=
Aot RyHe AAS T3l d=d &]ZZ'}
¢l 23L& 33 ZTHTable 6).
C)]

Y = -5.7622 + 52382 XELEl + 3.7058 X ELE2
- 1.2005 X FT1 + 1.8288 X ASP3 + 2.8361
XFY1 + 1.0795 X FY2

2 d&850] i e ov|t(Figure 2).
B g FH3r A4l Ax} SommerD=0.789,
Goodman and Karuskal's Gamma=0.7227} v} 2
g 289 dSgiateld] A@do] & FoE
Uehdth 23e] Ax ERPYgsrt 842602 &
| viel(Table 7) Bl=|Ae] AHAAA7E LA
FEQ 27 EAE WaE e A T
F Jon, AAARE Adshs b 3lo] A
7Aagle] 83 IS wx= Ao et

<Table 5> Classification accuracy of the Logistic regression for the total habitat using cutoff value of 0.5

— oy

Presence 93 31 75.00
Absence 35 108 75.52
Overall 75.30
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e
Chi#Square .
129.681 155.681
1 FY3 11 0.0057 0.9396 129.687 153.687
2 DTW2 10 0.1292 0.7192 129.817 151.817
3 ASP2 9 0.5138 0.4735 130.334 150.334
4 ASP1 8 0.2760 0.5993 130.612 148.612
5 DTW1 7 0.5184 0.4715 131.134 147.134
6 FT2 6 0.6214 0.4305 131.838 145.838
7 FY2 5 1.9793 0.1595 133.924 145.924
8 FY1 4 3.3829 0.0659 137.409 147.409

<Table 7> Classification accuracy of the Logistic regression for the cover habitat using cutoff value of 0.5

Presence
Absence

63
18

61
Overall

91.30
77.22
84.26

Predicted probability
I J 0-02

«  boar pregence

2/ Water
AVALG
AN Road

s 5
[:l Site boundary

[Figure 1] Total habitat suitability map of the Yangyang site.
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Prediction probability
0-0.2

»  hoar presence
/. / Water
VN v
/ " ¢ Road

|__—| Site boundary

[Figure 2] Cover habitat suitability map of the Yangyang site.
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<Table 8> Classification accuracy at the Yangyang site

Total habitat 26 0.5 19 73.07
Cover habitat 15 0.5 12 80.00
<Table 9> Classification accuracy at the Mt Jumbong site
No. of -

dlassified locations

Total habitat 20
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