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Table 3. Information on the roe deers captured for HEF

individual period sex time interval
6023_M 2012.04.24~2013.04.21 M 6
5947 _F 2012.05.09~2012.07.17 F 1
4930_F 2012.07.12~2012.12.05 F 2
4028_F 2013.07.09~2013.07.21 F 6
4022_M 2013.06.15~2013.06.28 M 6
2696_M 2013.08.16~2013.08.31 M 6
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Fig. 6. GPS-tracking telemetry data in hannam experimental forest
(7 roe deers)
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Table 4. 15 environmental variables and their specification for analysis

variable description Unit variable description unit
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N

|o] Z(percent contribution)E H]ul3l 7]o]%



7F A Hom vk WS AASAL o] W F
om, oo wet 47§19 WF7E AAEI 11709 W

E WA MaxEnt 45 Algste] 7]om=r}t 1w|rke] W
A ASFSAL, elevation, aspect, hillshade, NDVI (4), Temp (4), d_forest (in),

=
=

57§ W7t

F7} ek e

AIAAE 7
11719 W

A2l d_stream®} slopes

d_forest (out), d_oreum, yung 5 9719 W7t HEH oz AMAEJATHTable
5). o] HTES MaxEnt 44 o83 T EXEFS 753, 7549 T &
FRY] thg ROC curve® AUCZe] 0.7¢1 o2 EFHo Ayt 2gsirial
g 5 9
Table 5. Selection of the proper variables derived from 15
environmental factors in Jeju island
iabl
Jeju island | AUC variables included variabies
removed
elevation, aspect, hillshade, slope, NDVI (1),
NDVI @), Temp (1), Temp (4), d_agri, d_st ’
15 variables] 0.816 @) . P (1) p (4), d_agri, d_stream
d_forest (in), d_forest (out), d_road, d_oreum,
yung
elevation, aspect, hillshade, slope, NDVI (4), | d_road, d_agri,
11 variables| 0.807 |Temp (4), d_stream, d_forest (in), d_forest (out), Temp (1),
d_oreum, yung NDVI (1)
. elevation, aspect, hillshade, NDVI (4), Temp (4),
9 variables| 0.814 i d_stream, slope
d_forest (in), d_forest (out), d_oreum, yung

o3} e

d=ol
ojm 7} glvkar
= 3l tHAppendix 2). A@HAE 7}

A= 709 W FolA] contribution®] R& 6719 WHEE A AR T
contribution®] 19|51 2709 WE4E A L F 6719 W5 & Byxey T
Fo &8 JrKTable 6). 7FE F BERYPo] gk ROC curve®] AUCHo|
0.701oz mye] 4gwst 4asvin & 5 v}



Table 6. Selection of the proper variables derived from 14

environmental factors in hannam experimental forest

[ i variables
Hannam | AUC variables included

removed

elevation, aspect, hillshade, slope, NDVI (1), NDVI (4),
14 variables | 0.917 Temp (1), Temp (4), d_agri, d_stream, d_forest (in),
d_road, d_oreum, yung

. elevation, d_agri,
. aspect, hillshade, slope, NDVI (1), NDVI (4), d_stream,
8 variables 0.909 ) d_road, d_oreum,
d_forest (in), yung
Temp (1), Temp (4)

6 variables 0.908 | aspect, hillshade, slope,d_stream, d_forest (in), yung | NDVI (1), NDVI(4)

(2) logistic regression

MaxEnt Aol A et wlz7ix |2 16709 A HFE AEstgl o™ (Table 4.),

IBM SPSS Statistics 225 AR&3sto] o] &% =AY 3]7E4S A3t

2A2Y AL FHEAFTE F A Y (R e EANHoR S
&

TEE UFE-AS5E ARE AT F AT ST HE3), 2000).

I

Regression 22), 232 -2 log likelihood#t¥} Hosmer % Lemeshow 7749

holAlw# Y59 #he T3 RIY HF=E ddsidla, dSAHIEE

FHal Tl Hosmer-Lemeshow A% BAZFS 24

28 IAEA dETAY 4L TAZED ¥ aHAQ PR

Ao ik A EHFE 1wstetal 4 A B9g e 32 855 7d
al

& zkS Ad=tHIBM SPSS regression 22).

:°.=
oty
Y
o>
o
(g
o,
L)
rU o
«



(3) Y=d

hEA "ol At =7 BFdS otetr] Sl £83 7utgo] GCT
(GPS-CDMA based Telemetry) F27|5 & H-zslo] HANSATH(AHHE S
s, 2013)([Fig. 7). 7vte] T 4vpe]7h dAoIe™ 2 JhAlel wet 1, 2, 64
AR AAEE A tHTable 3.). AFE FAA 2= (Wildlife
Tracking System, Korea Institute of Environmental Ecology, Daejeon,
Korea)l A5o 2 HHOIEH ARE o5 AAARE A& on P5HA
2 GISEEaxel 3yl ArcMap 10.1¢] MBG (Minimum Bounding
Geometry)2] convex_hulls AF&3] AA] w=Fol thdt FFHtE S FLch =

F doj A=Y F7F 10070 o] &l 3/iAIRES Add™s) 4 JHAE FsA=E

Fig. 7. captured roe deers and GCT tracker
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(4) Maxent ¥ logistic regressione &-83F =9 2% AZ %= A

3] logistic regression analysisE F7}= A|883}3it}. Fig. 83 Fig. 9&= 212} A

T el M HHRHS

ki
ML
1
o
R
e
&
o,
o
ol
1>
ki
fu
!
o
£
Y
&
o

occurrence data
(presence-only
data)

v
-~ MaxEnt
(AUC, contribution, jackknife)

correlation coefficient ) 0.7, {contribution, jackknife)

prediction map

Fig. 8. A procedure on predicting the habitat preference of roe deers

in Jeju island
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(contributian, jackknife) ‘Ecorrelatian coefficient ) 0.7 fcrward by Waid

. 6variables

occurrence data
(often vs. occasionally
2 visiting site)

occurrence data 3
(presence-only Sk,
data)

-

H MaxEnt
+  (AUC, contribution, jackknife)

'.,‘- \ : in) . X ‘ in) \
! t + (HLtest, -2LL,B,p)

prediction map prediction map

E 220
i regression analysis

Fig. 9. A procedure on predicting the habitat preference of roe deers

in hannam experimental forest

AAAAsE E40 AHSd @3WeE F15702 GIS Z2I3 T ArcMap
10.15 &3l o3 o] wEith

A% (elevation)= 1:5000 F o] FAAHE T (contoun)AHEE AFE-31o]
DEM (Digital Elevation ModeDS ®HEIoH, ©] DEME 7|¥to® HAlw
(slope), &(aspect), =9 7|5 % (hillshade)E WHEATE =7 w49 Az}
A7]% 10mXx10molth. EXIEX| oA d2 255 euclidean distanceE ©]-&
sto] FARTEHY A, £ HFE2 79, & F= A, LFo=THY A
g, R22Z5EY A, AARTES Agd i3 WMFE e gAY
5 &8 ggdd Ui A5E EJSH Landsat 8 YFO2HE Temp (1),
Temp (4), NDVI (1), NDVI (4)9] A85ZE "FH=AT}) Maxentoll A AREsH7] 93]
Al ascii L& W gslgit
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Fig. 12. Frequency of roe deers depending on diameter class in Jeju

island
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Fig. 13. Frequency of roe deers depending on crown density in Jeju
1sland
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Fig. 14. Frequency of roe deers depending on the land cover in Jeju

island

6) L%

aE WE =T FEAHR I NS AuEd F 490719 A H FolA
10870 9] A3 o] 500~600mel 3iEst™, &L txor2s FAE AHE Lt
= 28470 A Aol 0~700m Fztell dFETE  700meol’de] A A=
1,600~1,700m (3670 #1%), 1,800~1,900m(137) A%< ALlsta 1074 o] s}
o] 23] FA= AT

elevation
120
100
BO
&0
20
]
Gy %@ S TS IS S I E T
OIS S, . ,@U & @ S FSLF S

Fig. 15. Frequency of roe deers depending on elevation in Jeju island
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AT WA AT Aol et dubAel A dEd vgad g

ARl = A7 0aUTRER), A2FAD), 2470 FREPD), 2
FYPO), BYFHMH), TEFOD, ZFADY Dol EAsted, 284
1R 181570 A 94e Avngrh JAFAFYol 988N 713
4371 E@dD, FYFUC 82302 F WA we A X9
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1 ¢ adelA 477t 2gE o, AYUF(RI)E, rivauTd, A%
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Fig. 16. Frequency of roe deers depending on forest type in HEF
(2) I+
FAANGHANE 1970l EAHA wov] 04FE oFF FE WAW A5
ATE 1815709 EAA R FollA 4950l 72070, 597l 716717} 32 shH
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Fig. 17. Frequency of roe deers depending on age—class in HEF

3) A%

2% APee 14FS FEADAl EARA FA A=A &
AR Aol 143870e) Mo EFRAT, 275 sk
ol 377709 A Mol EFHANG AR AP 47T APk
# 25 Ao

diameter class

]
il
A3

Fig. 18. Frequency of roe deers depending on diameter class in HEF
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A AN E 2EETE 2 C(R)dl 1697709 A3l EehH o] 7 w2
=

W EE UERa, 7P B(E)ol 118709 X He] E3E et 2 AA ) 5
FeA gEta B F AdE Eone)? AEETE B A(D)AAE 0719 A
ol vttt
crown density
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0 [
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Fig. 19. Frequency of roe deers depending on crown density in HEF

(5) EX ¥ &

shFAlE = EXFEY] &/ FolA field), F+HUlorchard), 7]EHA]
vl 2] (other crops), &Y+ H(broad-leaved forest), I I (coniferous
forest), & H(mixed forest), 7]E}ZA|(other grass)’} =Aj3c}, 1 FoA
S, ZIe A A, Ve ERA A = =R EdA R o] EAsHA] Fgkow,
AATFHoA 96472 =T FANEYL 7P =kar, oo 838712 &Y
TFHAMNE =79 FHREZL =3t £addAe 13749 EdA -] EA

AT,

3

_26_



600

A

ol
vl

Fig. 20

land coverage

o2 & & s & &
& & o s & & &
L+ L K ) i P
o i ) i o 2
G & &7 @ %
. P 0 o &
¥ & w
,}b e
Nu'p L=
b

. Frequency of roe deers depending on land coverage in HEF

_27_



3. AFE AA AAA 2dPe 9% aFA5
B AL AFE AN 1579 BAWEA AeEA R, 2 B4
Sl Oi@ ARe g 2

(1) a%=(elevation)

IEE HLLES UEiE Aoz AFEME 0~1,940m7A 9] WS
e Aoz et Fig. 21ac A 2240 W A5E 1Es} Fold e
o

SeR 3 glvh o] E Bakel Tl AT Fehibe] AY A vehe 1 =
Wow ofol Bol BEIL U9ee ¢ & 3
(2) =971 (hillshade)

71BEE 3xdY FHE 7 AFES 2399 HYW fo] AA=YHa,
o] FA3 Amolth(FH A T, 2013). HE(180°) A 45°¢]
7] gdlo] HlFTHL /M PE W F97I5S HEY HMFE AR
o 2971559 #H2 0~255% 8bitgro = Br|E Fiste Yedden gk

o] AZFF Hlo] ®Wo] Soj¢t ¥, fho] RE+F 250 A AF2 X Y

5~ -
N elevat . " N
Ve e .\ e
T on 194  ion: 255
Ry W
0 325 65 13 195 20 ¢ * @' 0 325 65 13 195 26 -
s e ———S— - lanig ] . ——— Lowio

a. elevation b. hillshade

Fig. 21. Environmental variables of elevation and hillshade in Jeju island

(3) &(aspect)

(aspect)> HAbHo] st £H WIS YEUE oz 12 HA, &
(0-22.5°), E%(22.5-67.5°), =(67.5-112.5°), F=(112.5-157.5°), F
(157.5-202.5°), $A4(202.5-247.5°), A](247.5-292.5°), E*1(292.5-337.5°),
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5(337.5-360°)% YElL AT = HA|7F 205 At 9o, &
(12%), 5X(11%), ¥511%), F(11%)e oz F=& vH&S A sar At
(Fig. 22a).

(4) 7AA}=(slope)

AMEGslope) AR 718718 FREe] Be Z2EE el A0E AL
Ao AEFS AAE AUF AS Gehia, wNoR 252 JA} 39
AL Uehdth AFE A9 AAE WIE 0~82.7°01A% FEAT Y B
LB I

Hl &S x|kl QaL(25%), it 13°0]st<] kg AR o|th(Fig. 22b).

8 s -egen
. N N slope
vave
w ’ Han : 82,8615
* 0 325 65 13 195 2
5 ——— ——— ow:o

a. aspect b. slope

Fig. 22. Environmental variables of aspect and slope in Jeju island

(5) FABAZHE Y Ae(d_agri)

SAARZEHY] Age AFE dE = T T
AglE 7% AoE EXANRLEY sHA A Pt
sttt A4 A= i AANA AFE 7R .
M= FAAZEH AZE 0m~6,020me HLE 7HtH(Fig. 23a).

(6) TAZFEEH AP (d_stream)

TFAZFEHY A= AF=d = stHo=REHe AE =2
sl FAA G A st et e layer®Z B st ebs T
Aoz olfFor uUYeese EYgS otal Jon o EREHY AYe
Om~2,392m7kA1¢] M5 71t} shsAo] A9 77k 3, IFao]
of Aald oz W & YepAT(Fig. 23b).
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a. d_agri b. d_stream

Fig. 23. Environmental variables of d_agri and d_stream in Jeju island

3
H

¥ 2 o] A (d_forest (out))

8) & WFZE°] A (d_forest (in)

= WHEY Ag: & 9F=9 A nAE G
O ZHOH TA ﬂﬁliTH £ dZEo o AYE =
£ 7RIH. b o o AYE -2 AL
=9 HZ °ﬂ oﬂﬂo}ﬂﬂ W 2548 YeliAl |, ghol
& XowRE Hus S dgd H24S UEiA %E}(Flg. 24b).

N, H
o
(o)}
9
3
l
O
=
o
ok g
i

d_forest . 5 o d_forest
VVVVV Vae
- B,

. @ 0 smes  w  ws  m -

a. d_forest (out) b. d_forest (in)

Fig. 24. Environmental variables of d_forest (out) and d_forest (in) in

Jeju island
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(9) =22HE < Ag(d_road)

=25 H AZE 0~6,096m7HA 2 MHE 7AW E2E AFEe o
Ao "o Fxsta glov et w2 XS AdEa AFE A
ER7F 2¥sta g wepdd rphEeSs =29 Vb e YEa =
SHOR A4s E2e AYt s YERH(Fig. 25a).

(10) L F2o&25E2 A (d_oreum)

LEZ 74O RN AFEAH B F Ue 55
o] AMAT #Ade] & AR Fudte] MR FUISITH LF o=
Bl AZE 0~6,493me] HHIE 4 ©5
et oL Ao] grold 4= o F
25b).

)

10
fru
-z
_r\'ll
e
o
i)
2
2
0,
oo
o
i
ful
£
=
=
0

a. d_road b. d_oreum

Fig. 25. Environmental variables of d_road and d_oreum in Jeju island

(11) 1¥9 &% (Temp (1))

199 2%+ 199 A3l Landsat 8 Ao S &

Aste M=l 10WE
o e BN eme FPYL dotwsl AN FAE WMol WAL
17.318~25.3652 16bitgro.2 LFEFW Zloln] uhe zle we ew= yehya
gtk Gt PR G AAESEE L8 R, AFEY PR A
W omle] eSS 2Rt JUHoR 88 ¥ F UrkFig. 26a).

(12) 4¥9] &% (Temp (4))
499 e 1¥99 &%} upArAE landsat 8349 10 W= 7kS U}
Efdl Aoz 4o R FAs o] &3kqlth 20,135~37,5179 WHE 7HAH
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S AdeE 27F va, Wk Tke s w2 2EE YEATH(Fig. 26b).

.
; D oome w w

a. Temp (1) b. Temp (4)

Fig. 26. Environmental variables of elevation and hillshade in Jeju island

(13) 149 AFAAA+NNDVI (1))

199 A2 AR FE 190 #3] landsat 8§ FAe] W= FoA Red 94
o ¥hALgES UEE 4 =S ZHLHANIR) S99 vHAF ks YE= 5
HWN=E NDVI= (NITR —Red)/(NIR+Red)?2 AL o]&3] Axrslelom,
—1~1AFol 9] s 7HAH 14 7M7he75 AAe =8 vt &S UEhig. Al
FEAME -0.2~049] e 7Hxon @M JMEFSE AAo] glas, =
Mo w ZAes AAo] $ARSE AT F Utk(Fig. 27a).

(14) 442 A2 AA#4=(NDVI (4))

449 AR F= 499 A3 landsat 8974 o]-&3 A4St Al
T E -0.3~0.69 IS 71A 19RgE AAo] & ¢ dge oS o
om, Bt Fe F Mtk FAL AU Ao o $AXNEE FAF

ATHFig. 27b).

4 ¥ N

QHe e £ e ZAo® 197FE 1-1094, 297 11~209
B tehle] 43R AE 69FAAT RRE] 5194 olde B 6
G7ol AU WA S5 Feo] oY AL, 2B hEs
ol Fes U @eht FaolA el ¥ge HQ I & glon,
WG AL dFe] e A9e 2& + ArHFig. 270)

_32_



Legend Legend
N NDWI (1) . -
value Value
. w@, o igh : 0.476848 A w@g o Hoh 0610541
0 325 65 13 15 1 0 32565 13 195 2% i
¢ e e e’ el 017 £ e e 025924

b. NDVI (4)

W‘@E b

02z oo IR

* ¢ [EEEETE o colC T
[

C. yung

Fig. 27. Environmental variables of NDVI (1), NDVI (4) and yung
Jeju island
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4 FEAPY AYA 2DP2 9

(%
rok

S ik

HollMe A mdgs 98t AFE AA MAx mdds 9
3} 401] A & g5 ARE AYsta, F 14709 W7 ALEde
W, 2z el gk A tey 2o

N, o
o,
l‘E

(1) 32%(elevation)
FFAEHLS 1% 319m~770moll YA stal o fgXow epArE a1
T} Zolx REe xE2Mo 2 eI tH(Fig. 28a).
(2) &9 7] % % (hillshade)
S97EEE 0~2499 HAE 7IAH ol =575 JHo=
ol HS4= Asx Fo 7 A5 tHFig. 28b).

e
r’ (
QL
32
oy

a. elevation b. hillshade

Fig. 28. Environmental variables of elevation and hillshade in HEF

(3) @F(aspect)
T2 G5(36%), 5(27%), F(14%)°] Ht o] de] A& xX|sla Jom, o
A7} 9%E AA skl ITH(Flg. 29a).

A= (slope)

AEE 0°~52°9 WIS A, ddAAde 1397 B ol 13°%
© e s, 2~5°Akol o] ZAb} T ol thFig. 29b).
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a. aspect b. slope

Fig. 29. Environmental variables of aspect and slope in HEF

(5) s4AZHFHe A (d_agri)

$AAZRH AE Om~1,785m7A o], ddAdRe B F3A 7
gom 7 sels FHARYS Hold BE FFAZ N A nepgow
252 FAAs%e At W ES den 29 eSS 5345 7

=
& 72 YehithFig. 30a).

(6) TAZFHY A7 (d_stream)

TFAZEHY AgEs 0m~1,198me HHE 7HAH, dIAFE-S 7t2AE
= MY 2 skdo] b Fgkde] IAHSE FAZEE HE EoAYSS
UelAtHFig. 30b).

Vo

A

Legend
d_agri
alue
i
"

a. d_agri b. d_stream

Fig. 30. Environmental variables of d_agri and d_stream in HEF
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(7) &= WHF=29 A(d_forest (in))

% uFEe AY: 3824m-0me % YEUE, gol AoldiE %o
A%d 2L e, RBor 5% 2348 b, 29 PR
W2 WolAYees & 4 ArkFig. 3la).

(8) =2 &2XHE < Ag(d_road)

EREEHY AgE 177m~2,931me] ¥WHS /A, Hapo] Lz} 77t
& XEg, 22N =29 W X& Yehdt(Fig. 31b).

a. d_forest (in) b. d_road

Fig. 31. Environmental variables of d_forest (in) and d_road in HEF

(9) 5o =2HEH AZ(d_oreum)
o2 ownEe A Om~161lme WEZd wlac dAg, A A
52250 YA A}, ofF2 ZAL 25 e XS, ¥e A

A 3te YERIT(Fig. 32a).

=

(10) 9= (yung)
AFL 197 I UFE gl 5950 M Be HAHS xA

o
glom 34¢9Fo] 1 tpeow e WAS e ¢lvHFig. 32b).

_36_



F)

£a¢
g
g

<<

LT

a. d_oreum b. yung

Fig. 32. Environmental variables of d_oreum and yung in HEF

(11) 1¥99¢ 2% (Temp (1))
199 ©Ex 20,618~22,96302 BoAlo] £Es} 289

Sae UEbit(Fig. 33a)

E‘
e
2
o
rlo
k
N

o

(12) 499 &% (Temp (4))
499 &=& 23,058~26,178% & = e~ =2
G5S UEhdin 4€o] 19l HlE) =7t 55 & ArhFig. 33b).

rlo
2
o
rlo
bt
N
M

a. Temp (1) b. Temp (4)
Fig. 33. Environmental variables of Temp (1) and Temp (4) in HEF
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(13) 1¥9 A2 AAA(NDVI (1))

199 AFAAAFE 0.03~0.399] S 7HAH FGZo] HEZEH} 2] Ao §-
ARSS &l & 5 9J\E‘r(Fig. 34a).

(14) 4¥€9] A2 AAA5(NDVI (4))
449 AAAATE 0.17~0.539 #S 7FAH 1€ v]3] 2 2go] A3l
S &' J(Fig, 34b).

Legend & -

NDVI (1) i.‘:&;‘ L NDVI (4)
Value P i o WD
R High : 0538752

KeN
1=

a. NDVI (1) b. NDVI (4)
Fig. 34. Environmental variables of NDVI (1) and NDVI (4) in HEF
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5. AlFx=7F9 A=A 2d¥ A3
(1) AFTE JA Aax rde
1) ROC curve & AUC

AukA © 2 Receiver Operating Characteristic (ROC) #Ajo] & eo] <=3
T8 Hrleled €8 AFgE U (Mas et al, 2013). €3] medical decision
makingol| Al AFEEH AR T FHZol= 7] AISkEel HolH who]d(data mining)
AFAME ALgo] F7tslal Jth(Fawcett, 2006). - Aol A= MaxEntol
o TEE F BI¥RYHo =37 o= FFo] AAR o 3y Aul} A
e=AE #AH3E7] Y] ROC curved AUC(Area Under the Curve)dts Ab

AUCE #2982 Adud S3A 4ol #a9=2 Ad9d v SdAHEY =4
B7td FES "olet, MaxEnt EEAH SdFAZNS o] &3 Bod= 4

A v FAHIZE WA WA Wl X dLdstA
3 A= (pseudo-absence data)E ©o]&3] AUCHES
Dudik, 2008). AUC#-2 Aol= (0,003 (1,DAte] 9
0.50]42] &S 7FAtH(Fweett, 2006). AHZFE o] ™A o]
< 0.5~1.0At0]19] = 7AW 1 7S 2
2006). H-E 0.8°]7%9 @<= 7Hd W BP9 o=
(3EH 5, 2014, AAE), 0.81602 R AT
CHFig. 35.).

Average Sensitivity vs. 1 - Specificity for roedeer

T

| Mean (AUC = 0.815) =
Mean +- one stddevy ®
4 Random Prediction ®

Sensitivity (1 - Omission Rate)
[ =} [=] o o [=} [=} (=} e,
w = i m W @m @ o

=
o

e

o
=]

1 1 I 1 1 1 1 1
0.0 0.1 0.z 0.3 04 0.5 0.6 0.7 0.8 0.8 1.0
1 - Specificity (Fractional Predicted Area)

Fig. 35. ROC curve in Jeju island
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2) Percent contribution & Permutation importance

MaxEnt 239 A3z A Z+= percent contribution?} permutation
importance#t &2 WHTES TS 4T 4 U Songer et al, 2012).
Percent contribution® E3&o| Hiel AAE 5ot o 72 W7t 4
nnkE o] V& X =45 YEFATHSun et al, 2012; Songer et al,
2012). Permutation importancew W9 7]9EE YElY & 2 A X =ZA
HF R Aielwt oESHH, permutation 4 SR AbolM 1 g
7AW G=2] Zkoll training presence®} background data®] #e] FAY = HA T
= AL Dotal o] ARE S EYS AWUIES W AUCHS vt Ho
2] =45 percentage® YEFH Fko]th(Quillfeldt et al, 2013). Permutation
importance+= =< S 7FE4= random permutatione S w AUCZLo]
Bo|l A& doe FoE EFPol 1 Wi i oFEo] HFS UEHH
(Beans et al, 2012, AS1E). AFE=A Ao A2 W 7|ogzd g k2
¥ 7oA &g 4 3t} Percent contribution® permutation importance
B oF 70%% UE groll mlal 1=E7F 453 2 @S HAAL JeEw 1
E7F BETSd PE 2 FS vAe HEde ¢ ¢ v Percent
contributiond| A= 1%, SLECZEEH AY, & WHZ A, 499 &%,
3 FH97EE, 4¥€9 NDVI, 995 T2o=2 23 o
al,

= YFE AH, Fe
A5 < 4 23, permutation importances ?'?} Mol 7 E A
H, 1%, £ WHEY A, LFo2ZREY A, 3 499 &%, 449 At
AR 7, 2 gFE] AP, 47, 2975EY %EQE 71 =7F =kt

Table 7. Result of Percent contribution and Permutation importance in
Jeju island

Variable Percent contribution Permutation importance
elevation 68 (1) 71.7 (1)
d_oreum 9.7 (2) 6 (3)
d_forest (in) 7.6 (3) 9 (2)
Temp (4) 4.2 (4) 3.2 (5)
d_forest (out) 2.5 (5) 2.1 (7)
aspect 2.3 (6) 3.3 (4)
hillshade 2.1 (7) 0.8 (9)
NDVI (4) 1.9 (8) 2.8 (6)
yung 1.7 (9) 1.2 (8)
( ) : rank
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3) Jackknife test

MaxEnte] 232 WG9 7|dEE 4ok £ o WA Jackknife test
o thdt TE IS 4 v} Jackknife testol| A= Jackknife of Regularized
Training Gain® #& &3 2ol g 2 59 794 =E Yepa 9
Zt WigEo]l 11 W UUNRE AMESte whE RFoAM ] 7E7E T 4 ¥
o] EAoE R dnperEe 7o T ATk
). T I A5 AAFHD UE Wy s el 7127

EaA 2 M7 Byl v x| H3lS #We] 7]
71872 ) el vlalete] o 4= Q)
Ao -9 Jackknife test 235 Ho

, A=A HdivE 7H Lo} L

_l

N

£ o2 ) 2 X e
e
O
wy,
kI

Jackknife of regularized training gain for roedeer

apr_band10 1 Withoutvariable ®
| With only variable ®
With all variables ®

apr_ndvi
aspect
d_forest_in
d_forest_out

d_oreum

Environmental Yariable

elevation
shillshade

yungh

0.00 0.05 0100156 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0D.60 0.65 0.70 0.75 0.80
regularized training gain

Fig. 36. Jackknife of regularized training gain in Jeju island
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Table 8. Probability area of altitudinal distribution

60~70%  70~80%  80~90%  90~100%

50~60%

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.2

0~100m
100~200m
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200~300m | 65 | 20 mm 0.7 | 00 0.0
300~400m 32.1 i 3.5 0.0 0.0
400~500m 26.2 25.8 161 | 15 0.0
500~600m 18.8 28.5 300 | 4.6 0.0
600~700m 7.8 12.7 146 | 22 0.0
700~800m | 11 19 3.9 0.6 0.0
800~900m 0.7 0.6 0.7 0.1 0.0
900~1,000m 0.9 0.7 0.4 0.0 0.0
1,000~1,100m 0.8 0.7 1.1 0.2 0.0
1,100~1,200m 0.7 0.9 1.6 0.3 0.0
1,200~1,300m 0.9 0.9 1.8 1.7 0.0
1,300~1,400m 0.9 1.6 4.3 2.5 0.0
1,400~1,500m 0.9 1.7 5.4 2.9 0.0
1,500~1,600m 0.7 2.2 g4 LA™ 3.4
1,600~1,700m | 0.4 0.8 53 | 425 406 |
1,700~1,800m 0.1 0.3 (B gt 18.5 |
1,800~1,900m 0.0 0.2 06 | 45 29.2 |
1,900~2,000m | 0.0 0.0 00 | 03 84 |
total 100 100 100 100 100
38 50] 50~80%¢! AL F2 200~700m Lo A3FaL A ow(F
2 FARE Ad), 2dgE°] 90%0]7de] A 92 1,500meol el A o] 9%
stx gtk o2 J]Fo®  0~200m, 200~700m, 700~1,500m,
1,500~2.000m= 1% W2 e 2+ nxda 1o Fats AFH 4
Ee HAS FATHE. 9).
Table 9. Age-class of altitudinal distribution
Age-class (Tree age)
Elevation
0 1 2 3 4 5 6 total
0~200m 8741 07 16 39 50 11 02 100
200~700m | 520 | 30 73 142 115 100 20 100
700~1500m | 1.9 08 02 51 110598 211} 100
1,500~2,000m 35.2} 107 12 101 153 128 147 100
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Table 10. Crown density of altitudinal distribution
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Response of roedeer to d_forest_out
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38. Response curves in Jeju island
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Response of roedeer to aspect
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(2) SFIAFY A 2lx] g

QB =) = “ | =

1) MaxEnt results

@ ROC curve & AUC
AFE Ao e mz7EA R MaxEnt 419 F358S Hrsr] 98
ROC curve® AUC #t= AFE3FTE 0.9089] AUC #2 714 ¥ A=

b HAsa & 5 vk

Average Sensitivity vs. 1 - Specificity for roedeer10

1ot 4 Mean (AUC=0.908) =
Mean +/- one stddey ®
0ar -~ Random Prediction ®

Sensitivity (1 - Omission Rate)

0.0 0.1 0.2 03 0.4 05 0.6 07 0.8 0.9 1.0
1 - Specificity (Fractional Predicted Area)

Fig. 39. ROC curve in HEF

@ Percent contribution & Permutation importance

o2 EYFFHo] ALEHE ®Ts9 7|d=s gd¥ 4 A= percent
contribution, permutation importance, jackknifeo] ZA3Z At}
WA percent contributions AHHEH & WHFZ2] A7} 56.5%, TAZ5H
o] A7t 35.1%% F MEROE 90%0]/de] Vs b ow, 1 &9 W
TS & e, 5971EE, 99 ©oE V)oE7t Edth(Table 11).
Permutation importance:™ % WHE9 Ag7F 71.6%, FAZFES Agr}
25%= percent contribution®Et &£ WH=Z9 A7t ¢ 7927 =8
Q1gk 4= QQtH(Table 11). U™A] M35 percent contribution®] A ¢} vwpzk7k
A= &, AAE, 29718 E, 99 £22 & 7|9EE UEdth
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Table 11. Result of Percent contribution and Permutation importance in
HEF

Variable Percent contribution Permutation importance
d_forest (in) 56.5 (1) 71.6 (1)
d_stream 35.1 (2) 25.0 (2)
aspect SHomc). 1.6 (3)
slope 2.7 (4) 0.8 (4)
hillshade 1.3 (5) 0.8 (4)
yung 0.7 (6) 0.2 (6)
() :rank

@ Jackknife test

Hgo 7| Es T & Y= vhA " BHQ Jackknife testl &= gk
tgEAwk gkl F ARt FASHA &£ WHES AP, FARZTEHY AUt =
= 719 EE 7R E e 89 F do 1A O AsTs ARSI R
TS W 7S7|EANg)E A9EE ¢ WREY AYe FAEFH
o A7t =& S IS & F doh UHA BeES Y F AR E =
a HE2A 95, AR, = 3
AT = gow, 1 HEE AL AA HyE AHEIEE WY 77354
t)7F 670 W HAAE AR WA gjel Aol Zpolrb glo] o4k 471 W
TES By A d3¥s MAA FUES & F dvh AEN G E A

% WFEY AY, FARFEY Agrt EYolA wAdE RYEY 7]&77F

of TS ®el 7FH s ¢ F UtkFig. 400).

Jackknife of regularized training gain for roedeer10

7 Withoutvariable ®
| With only variahle ®
With all variables ®

aspect
d_stream
hillshade
slope

yungh

Environmental Yariahle

yung_fox-

01 02 03 04 05 06 0OF 08 089 10 11 12 13 14
regularized training gain

Fig. 40. Jackknife of regularized training gain in HEF
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A %= (Prediction map)
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(® Response curves
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Response of roedeer10 to aspect
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2) Logistic regression results

x
o
e
o
L)
o\
B
[\
(@)
(@)
=
=2
1o
ol
oy
g,
>,
2
2
"o,
x
>,
D)
-
o

g AAHe AR ol g ARE HUI A
7] AsiE Aol n AU wyel i FARAel AgHLh =4
SEHARAES T WHE F shtoluh

@ Aol A o

Z 1815709 A5 FoA A=z 220712 A L3 1,59570¢ A 87 ZA A
g 3AEA o A&t (Table 12.).

Table 12. Summary of case processing

Unweighted cases N percent
Selected cases Included in analysis 1595 87.9
Missing cases 220 12.1
Total 1815 100.0
Unselected cases 0 .0
Total 1815 100.0

7]‘ o]_ i T — o (¢} j—
galal 9+ =¥ —2Log Likelihood (-2LL)¢] zte]ZS vrebdith -2LLe zk
S FAE5E By A4 BYAF Tt 2358 YERERE, 7)o A FholA|
Fo g 255 b 23 vs) 24P Frhe A S

Table 13. Omnibus test of Model Coefficients

Chi —square df p
Step 5 Step 4.524 il .033
block 80.709 5 .000
model 80.709 5 .000
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@ 53 Q° & Hosmer ¥ Lemeshow 7

ol p (F9&E)Fto] 042002 0.05HT} o}l H|F-oHolmE ‘o
AR 7 23] It e AF7Hd o] 7)1ZbEA] Fal A EE o] R AHIE
o= AL S &E(Table 14. right column).

28S gostd 59AY -2LLgke] Ald wol ¥ Afwrt M Hohal
3t 4= Qlti(Table 14. left column). d¥EE AFE I )& Hosmer %
Lemeshow HAAHL test)= AAIPTE HL test®] 7holAlwS& TEHHT AA|
A oF o] 9% HAFH 1HY AAEER ZAFSFFH BP9 AFP=TL il
g Ut 2X 2 FJAZAES Tl 92 59 EF Foe S5HA By Y
FholAlwrgko]l 7Hd Yol RE Agwrt Ad sva & + glow SHA B
A

7}

Table 14. Summary of the model & Hosmer and Lemeshow test

Summary of the model Hosmer and Lemeshow test
STEP

-2log likelihood Chi—square df p
1 2134.9792 14.794 8 .063
2 2121.635% 10.952 8 .204
3 2111.092° 14.603 8 067
4 2101.962° 11.893 8 .156
5 2097.438P 8.135 8 420

a. Estimation terminated at iteration number 3 because parameter estimates changed by less than .001
b. Estimation terminated at iteration number 4 because parameter estimates changed by less than .001
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EREE AR #5A% ZH T AFHAE /A F oatel drig 4A
sh=AE YERAL lv(Table 15). F4ME&= Avinw 5979 o] 7}
TEE ASHGEE

Table 15. Classification table

Predicted
Observed value Percentage
0 1 correct
g value 0 735 177 80.6
tep
1 493 190 27.8
1 Overall percentage 58.0
value 0 720 192 78.9
Step
1 485 198 29.0
2 Overall percentage 57.6
g value 0 721 191 79.1
tep
1 448 235 34.4
3 Overall percentage 59.9
q value 0 709 203 7.7
tep
1 420 263 38.5
4 Overall percentage 60.9
value 0 732 180 80.3
Step
1 427 256 37.5
5
Overall percentage 61.9

_55_



3)

=
S

Kol
=

Fod 3]714S& Al$-2L ArcMap 10.1

S

o 5¥A BP9 IAATE ol

SRR

EE
1

X

Hr
B
TH
T
N

1o
ojo

N

o] &

+
Caal

el =
£

=
T=

Tabel 16.914 Bgke] z+ W9 347

)
¢

w
o

ehubich, whetA

o A4 A7

<

’

=
S

eEoRVHY AY, 499 &

—

:,AL

el
_rOO
M.uﬁo

i

0

ad

o]

4

o}
&+

Table 16. Variables in the Equation

)
N — ©
2ls 2 2 8 § s
S S elh & S WS
El..ll.
O N e © =
Mk S WSO Sille © &
N R e e
Sl - = = —~ —~ ~
N N o ™
Tl &§ § o o ©
sl 8 3.8 2°¢8
- & = ., &4
N —
D - o -
RS o K & o
nles o NS S &
N © N O
N
o
N P -0 o 3
milo &§ o o o <
Sl B G S e
> 9 = 2y
_
S
E = = e -
ol EE O el S WO
euvmrn
rY o
o A o ] ©
rI_ NTdC
o
LO
o,
3
M
w0

& % W AbgE BTl

~(in))-0.275%(yung)-2.949+(NDVI (1))

d_forest
+0.001*(Temp (4))+ 0.006#(d_oreum)—-23.932

=0.002+#(d_

‘where A

’

_56_



® <=%%(Prediction map)
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Fig. 43. Prediction map of roe deers in HEF
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Fig. 44. Home range of total individuals
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Table 17. Information of individuals

major axis minor axis area (m2) sex
FO1 4930_F 1,163 982 818,193 F
FO2 5947_F 922 904 474,914 F
M 6023_M 1,268 890 848,068 M
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Fig. 45. Home range of each individual (3 roe deers)
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Fig. 46. Dominant vegetation within home range in HEF
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Appendix 1. Coefficient of correlation in Jeju island
) d for | dfor
Temp | NDVI d adr dore | droa | dstre | elevat | hillsh | Temp | NDVI | ) )
as| agri slo €es es n
@ @) pect | 029 um d am ion | ade @ 1 v . yung
(out) (in)

Temp (4) 1 -0161 | -0094 | -03% | 0189 | -0258 | 0142 | -0427 | 0199 | 0546 | 0187 | -0315 | 0409 | 03%4 | -0511

NDVI (4) || 0161 1 -0030 | -0262 | 0160 | -0216 | 0047 | -0307 | -0011 | 0289 | 0462 | 0134 | -0065 | -0.035 | 0035

aspect -00% | -0030 1 -0012 | -0156 | 0072 | 0076 | 0082 | -0028 | -0115 | -0131 | 0177 | 0001 | 0045 | -0081

d_agri -03% | -0262 | 0012 1 0329 | 08%4 | 0204 | 0921 | 0154 | -0845 | -0663 | 0349 | -0119 | -0.071 | 0010

doreum | 0186 | 0160 | -0156 | -0329 1 -0297 | 0011 | -039%4 | -0135 | 0317 | 0263 | 0255 | 0068 | 0084 | 0137

d_road -0258 | -0216 | -0072 | 0.8% | -0.297 1 -0145 | 0816 | 0244 | -0723 | -0573 | 0287 | 0082 | -0.086 | -0.072

d stream | 0142 | 0047 | 0076 | -0204 | 0011 | -0145 1 -0242 | 0050 | 0250 | 0152 | -0.106 | 0222 | -0.043 | -0.090

elevation || -0427 | -0307 | 0082 | 0921 | -03% | 0816 | -0242 1 0131 | -0932 | -0729 | 0380 | 0184 | -002 | 0025

hillshade | 0199 | -0011 | -0028 | 0154 | -0135 | 0244 | 0050 | 0131 1 0045 | 0089 | -0153 | 0097 | 0016 | -0178

Temp (1) | 0546 | -0289 | -0115 | -0845 | 0317 | -0.723 | 0250 | -0932 | 0.045 1 0737 | 0377 | 0258 | 0024 | -0152

NDMI (1) || 0187 | 0462 | -0131 | -0663 | 0263 | -0573 | 0152 | -0729 | 0089 | 0737 1 -0220 | 0025 | 0107 | 0098

slope -0315 | -0134 | 0177 | 0349 | -0255 | 0287 | -0106 | 0380 | -0153 | -0377 | -0220 1 -0159 | -0011 | 0165

d_forest
(out)

0409 | -0065 | 0001 | -0119 | 0068 | -0082 | 0222 | 018 | 0097 | 0258 | 0250 | -0159 1 0156 | -0409

d forest

(in)

0394 | -0035 | 0045 | -0071 | 0084 | -0086 | -0043 | -0022 | -0016 | 0042 | -0107 | -0.011 | 0156 1 -0428

yung -0511 | 0035 | 008l | 0010 | 0137 | -0072 | -0090 | 0025 | -0178 | -0152 | 0098 | 0165 | -0409 | -0428 1
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Appendix 2. Coefficient of correlation in hannam experimental forest

d‘::)eSt yung | slope '\l(El))VI Tzr)wp hillshade TTZ)p N(Z;/I aspect | dagri | doreum | droad | dstream | elevation
d_::)eSt 1 -0414 | 0066 | 0012 | 0145 | 0312 | -0214 | 0404 | 0411 | -0910 | -0821 | -0903 | -0321 | -0810
yung -0414 1 0124 | 0004 | 0406 | -00%4 | 0484 | 0340 | 0147 | 0398 | 0435 0.378 0184 0184
slope -0066 | 0124 1 0538 | 0285 0309 | 0157 | 0467 | 0322 | 0175 0032 0.110 -0063 0122
NDMI (1) 0012 | 0004 | 0538 1 018 | 0347 | 0029 | 0588 | 0199 | 0104 | -0065 | 0036 -0.040 0137
Temp (1) | -0145 | 0406 | 0285 | 0186 1 0021 | 0924 | 0637 | 0112 | 0269 | 0075 0264 | -0085 0.008
hillshade 0312 | -0094 | 0309 | 0347 | 0021 1 009 | 0007 | 0570 | -0192 | -0346 | -0.243 0.002 -0132
Temp (4) | -0214 | 0484 | 0157 | 0029 | 0924 | -0090 1 059 | -0228 | 0321 | 0141 0.298 0.004 0057
NDMI (4) -0404 | 0340 | 0467 | 058 | 0637 | -0007 | 0599 1 0156 | 0522 0317 0487 0038 0.387
aspect 0411 | -0147 | 0322 | 0199 | -0112 | 0570 | -0228 | -0156 1 -0369 | -0377 | -0413 | 0136 | -0335
d agri 0910 | 0398 | 0175 | 0104 | 0269 | -0192 | 0321 | 0522 | -0.369 1 0679 0.832 0.520 0.907
d_oreum -0821 | 0435 | 0032 | -0065 | 0075 | -0346 | 0141 | 0317 | -0377 | 0679 1 0.703 0.261 0.584
d_road -0903 | 0378 | 0110 | 0036 | 0264 | -0243 | 0298 | 0487 | -0413 | 0.882 0.703 1 0283 0.790
dstream | -0321 | 0184 | -0063 | -0040 | -0.085 | 0.002 0004 | 0038 | 0136 | 0520 | 0261 0.283 1 0636
elevation | -0810 | 0184 | 0122 | 0137 | 0008 | -0132 | 0057 | 0387 | 0335 | 0907 | 058 0.790 0636 1

_69_



M.S. Thesis

Modeling the spatial distribution of Roe Deer

(Capreolus pygargus) in Jeju Island

Kim, Areum

Department of Life Science
Graduate School
Yeungnam University

(Supervised by Professor Jang, Gab—Sue)

Nowadays roe deers are commonly discovered at everywhere and
everytime in Jeju island, South Korea. However, they had been
endangered until 1980s because of severe poaching. They lost their
main habitats ranging from 200m to 600m because of a large scale of
exploitation across the mountainous area. Through this process, several
land uses like agricultural area have been damaged and transformed into
some other things such as a golf course. From that time, a campaign of
conserving the roe deer population had been implemented so that the
roe deer was recovered and its number was gradually increased. In

1990s, the number of roe deers rapidly increased and the large number
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of the population gave an inverse influence on the farm land
management by a farmer. Finally, the Jeju Special Self-Governing
Province gave the farmer a grant to hunt roe deers for regulating their
number.

By the way, 2,960 roe deers were captured during 2013 and 2014
years, therefore, the citizen organization emphasized the extinction of
the species due to the rapid decrease of the number. In this study,
modeling the spatial distribution of roe deer was done in Jeju island
using the MaxEnt model, and ideas on managing the roe deer population
were proposed.

490 points of the presence data were used in the modelling: the
national survey data for natural resources and GPS data from Jang—Geun
Oh and Korea University were used in the Maxent model. The GPS data
obtained from 7 individuals were used in Hannam Experimental Forest
(HEF). And totally 15 variables were used for the MaxEnt as
environmental variables so that the model showed the higher accuracy.
The prediction map showed that there was the higher probability in the
middle mountainous area (200m~700m) and the top of the Halla
Mountain (higher than 1,500m). In HEF, due to the bias in the presence
data for roe deer, the prediction was also skewed into some isolated
area. For getting more accurate map, the logistic regression with the
highly density of occurance (1 in the model) and the lower density of
occurance (0 in the model) was employed and the more accurate
prediction was obtained. It might be useful to understand the home
range and habitat of roe deers, which could be a good reference for

managing their habitats in the future.
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