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Development of Species Distribution Models and Evaluation of
Species Richness in Jirisan region
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AEThd/gdol tiet A2A o] solgol wet HEthA B HEaA 9 XA, AM4A] dE 9
Aol sk 204 B7he) Bado] HEE ek £ A7 olet opEEe) ARl et BAE #stel &
2o 54 W masie] 7y Avel ARFFRES A4er] BHo] otk FEERFS o) A4EH GAM
(Generalized Additive Model) 2.2 7|&9] &3 EA o]y} GLM (Generalized Linear Model)o]| H|3f &t
¥iZo] A7 Waksla olo] WE slHo] golsih. & AFWANRE FUBY, AVAYRET, 5
o= AAE Aelak Wk HA4E ZRAL G foL AASIAT AR els) =X s Het
& 55 oMFE(EAFY 27 FFMHEE FHY AAARE FHSALH, oMFEY Al dFE T
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Abstract

Increasing concern about biodiversity has lead to a rise in demand on the spatial assessment of biological resources
such as biodiversity assessment, protected area selection, habitat management and restoration in Korea. The purpose
of this study is to create species richness map through data collection and modeling techniques for wildlife habitat
assessment. The GAM (Generalized Additive Model) is easy to interpret and shows better relationship between
environmental variables and a response variable than an existing overlap analysis and GLM (Generalized Linear
Model). The study area delineated by a large watershed contains Jirisan national park, Mt. Baekun and Sumjin river
with three kinds of protected areas (a national park, a landscape ecology protected area and an otter protected area).
We collected the presence-absence data for wildlife (mammals and birds) using a stratified random sampling based
on a land cover in the study area and implemented natural and socio-environmental data affecting wildlife habitats.
After doing a habitat use analysis and specifying significant factors for each species, we built habitat suitability
models using a presence-absence model and created habitat suitability maps for each species. Biodiversity maps were
generated by taxa and all species using habitat suitability maps. Significant factors affecting each species habitat
were different according to their habitat selection. Although some species like a water deer or a great tit were
distributed at the low elevation, most potential habitats for mammals and birds were found at the edge of a national
park boundary or near a forest around the medium elevation of a mountain range. This study will be used for a
basis on biodiversity assessment and proected area selection carried out by Ministry of Environment.

Keywords : Biodiversity, Protected Area, GAM(Generalized Additive Model), Birds species richness, Mammals
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| BErhddel digh AlEld BT BlEe| ol&
HeFstetAL Zaste] a3gk 914d 94, GPS(Global
Positioning System), GIS(Geographic Information
Science)?t 3{FEANY 59 V& FFow FEER
F(Species Distributions Models)& ©]-835F A7} &2
sl g FREZFoN) AR REZEHL PETh
W) B7E BRI A, AARIEE d EY, A
Aatolvk 24, AEiA S sl A S, oS
o 91FH7E Fol A gk 713t axt o
5 5 2 AAxrde] W BAAE Fol thefstAl
o] §E3L Qlrk 59] FRENHFLE KA GlojA
Fol AMAIE, FEFEol gt A4 Exu AT
O] &4 Tfofsto] Ko vk 9AdEojof & 2|22 A
U @A = SA7IACE Y] E et A 9S 2
ohff HEX9E AAISt=t F8% RS AFtict
(Scott et al., 1993; Li et al., 1999; Rodrigues et al.,
2004, Kremen et al., 2008; Thorn et. al, 2009;
Franklin, 2009; Newbold, 2010).

U] A, AEF AAAETE BA EAY o]
oY FHEA, t}7|& H7HMulti-criteria Evaluation)
oF Aol 2L FHT AAA R, AARY 5O A4
A AR myol Fr ZEHEol AU 9,
1998; A3kt ¥=g3), 2000; 2[ef g} U3} 2004;
o] 52t 5%, 2008; Rho, 2009). 4412 27Hg &
3(Habitat Suitability Models)-2 op¥5E38}F] x}A4
Hol2 g sjikoz Feo| o] WRFH A% o] At
HES eI, ofefst A dEste] Aat i
Hol Wy Ws5o] aix7] uhgel] Anael Bt
o ofelgol gick Ek T o IXRRI A
o FAARE 9452 SuEol Yol 9y wiol
A Slote] Qo) vEAARE Hste] w4
= A& AR} BEES] 2000; o] sy
F97, 2008; ALk 9], 2008a). ZLELt 99| HIEH
Ams L83 AHEAY K= HEd ARE 99
Hog A7) whzol gestA dxd = fich
mEbA] EF/PHIERE BEL SF/HEE Bl v
sto] mFo] AHewrh @A yepdth AR ¢,
2008b). o] Hroll= AE=Eo] A e ATk x4
s TEHSE s SHHSE ol AFIHAR
A2 ol g7 =agict ol 2 JiAISe} e
HaEoke] TA| Frgolut Aol gt Bkt sfjado)
olYth= o] AhAdFAl, 2004; ©1&7] 2, 2010).
olof Hlslo] AYEfR| Q] & (Ecological niche Models)

ARk - kg st

2 F9] 9|9} = SAHpele] WA E AHEE 2
Fom dRoA R LY o 71| SFHEe
ofe] B 343 4 9o, olF Folo] wr} 2T
A A =E2T 4 Qo] AT TEE Aol Wol &
25|31 QJtiFranklin, 2009; H&<s 2011).
23] 7k, Aol it 23t 14 9 Hee
d&S feide FEFHOARE ESd/HEd AY
o A22 el BUEARe] Basih X A7
CE RS EREEERETE T B
=8 A=E st GAME A48}, ol wE 7|
HEY] AAA] 2y AT Yozt Aejit o] dE

% B gajolct,

2, Ao ™S

HEFEH
od

o ()
¥

2.1 ALY

AR 2 lETizke] HEe] iR|si, AP A
o= ko z 2A7E Akl thefet FEfE EAsH
of Z} A uitt =53 AHAE FASAL ok ARY
o2 HA AFEL ol FHot] AlG Ao
ohefRt AAo] A 4= Qe AAdE 24k ol o
Gt o EEol AT 4 e EdF Frl=Hed
TEFdt, 2003).

A ARt =SHEdyt FFe] et
EPohe F 14719 S 2Rt A7AY
°F 1,800ki Hr7} sfg=m, A2k S@Ed,
TEESAY, Wik A=A AP R AR S
S TRt WA HoA o] AHAsl lcKFigure 1).
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Figure 1. Location of Sampling Sites
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22 MEE ZAHH
22.1 AR AR
ZAX S A2t Y TAT B WAt et
Shs 147 2908 ARSIt FoAAs S
H A el ALaolick of el 3

TIEARTS Hesl7] Ysle] ZAR Y AA A] A9
I -’;‘—% H(Random Sampling Method)S AR&-5}
Sk
At

ol5 ffsto] AN AlFsh= 1:25,000 =
Aol GHRE=S A, 24, AH, AVREHAY, 9
o] 579 BRTOR WEleh ZF Bkl whE HA
HlES AbEshal ol sidshe 2 M €9
shQAch ey A= HAElEo] Yol Ao ddE
ERIE F shHE Ao F7sldon, eAA Y &
FH AR 7P e AR A Aol
© EAOlSHREY FEFE Fashd MAAe &
Aol Wtdslr] o] $E R, SR HE=ANEE 2
Z3to] 2AR S SFRTy A2hke] sAlTet &
< ofalitd] AEASS HAo] At Ao F
Q=7F ot o] AYre A g sHUtiTable 1).

@_%‘ZA} Al =2 Yl o) e AR A
S-S 125te] E2oA 100~500m Alo]S RARK| YO
E AARSHATH S} 9, 1993; YAIA 2, 2007). ©]
A D =AY A= AR ol 33H A1
o] QE=E ESRIALY ArcGIS9.09] o) HEHPHO
E BEEAR E2e FAXRPES 2R ofe &
sto] ARGt em, ch o] Uit o= =2 A
H°l "ojx)7] wjzel] T8t AATEES Adska

2t gholl YojEie 285k

222 % 2A} WY

ool SolAs AR GPS7} ol &gol et
WAE AR B 1717t Aot ARl &
Holu} 289 A0 O Yk AAIX|9] A}
e ThrsA R opEEe] Ae AzA(line
transect)ol] Ofat AA1EA ZAPo] Hol BEE T

Table 1, Assigning Survey Plots

EXolg | WA | &) | o
° o g4
FBA 297 17 17
EX 18 1 2
A 43 2 2
A7}akR o 53 3 3
AR 9 1382 77 76
37 1,793 100 100

% 2Eug 3% 9 FFPE W} 13

& ?L?ﬂok—tﬂ a3t
A717] ofgiet. aela A 7}#
e 5= 2B 'IHTOH
g Aol glojAle] %73_7%@01 HHxﬂE]‘— E]—X-lo] Q)

b Alefe] Buv} wAlECk FEAAS B SR
F83 XA FE7E HARE HESARHE AR
W= A EAS WAsh] el myske] Fagt
HEE AlFsHA Hrk
EQE FAR= el x9S GPSE o]85ho] 2o}
7F AR SAlolA WG 100m oW A Ha =
ALSERAEE. ofuf BHARE SAolu HAWE-S oFdol 7]
Y=S sigrh. 22l 2} AHeR Fhe mEo W
Ag EAE FAO 7|Yshes slodck Sekol ofzt
A, e, A, FAEY U8 2AE A4
SIATHAHET 2, 1998; A3ehrt B3}, 2000; =] ef
o1} dl=E3) 2004; EFE, 2006; AR 9], 2008b).
25 e uRbRE dgE AR OIA B
100m®] 9% WHFTE Ak 208 5ok BEE F
& MASE Skt 22 AEe B 2ABA. 2
7 2N ZHF 240 FYsA Aot GPSE 71
2 AR ARG 7 24K s, 2ol o
o)A F L& FAR M4 F2HE Fo} 24}

= SIATHE, 2006, AAA 2], 2007).

N

2.3 EHZHA MM 9 20|
A AR Adeo] ke PR
of F) A et ) Ay
Aot Aol o] EHFL 2R A
2o} A4l7]0] thet Was =i o] Ho] 25
W SR EOI AR B R ot
2 Flshick
PSS 5] ste] 1:25,000 2] A& o
4] DEM(Digital Elevation Model)2 AJASIA o1 ]
o WHSE Relief, Ridge and Valley, Curvature,
Slope, Northness, Wetness H4-5 F&519ch E3SH
AdIEtdol A AlFsls dYEE ARESt] da, 4
=, U5, AR, Senleat 2 3 HaeE A
Jatgich 1 dfol] FEA AR YA AlFets EX
ol AF Y ARG oA AR HEE Ao
(ZeHg =t “*}—ﬂ 2004; A%<k £}, 2008a; A%< 9,
2008b; olsty} 57, 2008; H<s, 2011).
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Table 2. Description of Habitat Variables Related to Mammals and Birds

e W e
DEM 125,000 =X X F LA 30m =X EIEY ==
Relief DEMOoJ| 4] Neighborhood 5X59]|4] Standard deviation
RidgeValley | High/Lowol|4] 3-Z2]= distance= AHAFSE t}2 low/high+low
24 Curvature DEMoA 4% &
° Slope DEMo||A] HAE Z=Z(degree)
Northness Cos{(Aspect*mn)/180}, 360°=1, 180°=0
Wetness In{(Flow Accumulation +1)/(Slope+1)}
Solar.rad AA}EF
Kung A= F5
Yung A= I
1A Mildo AATE W
e Fore.Struc | A 3% A x 99 x U=
gog40] vE Y 100, Y 50, PS4 9 7|k 0 Y & neighborhood 3x3
Fore.Rate .
window mean
Dist.Road EX o] &30 =22 HEQ 7z
DistResi | EAlo| @Gz o] A/ Sz A e 9 A(Ee A2)
Dist.Water | EX|0] &3S =0] 4~ 0 2 HE|O] A
71 Dist.Fore EX|o| 2330 Alg o2 HE ] 7]
DistRock | 2=X| A& w=AL9] HIS|ZEE o] A g
Dist.Agri | EX|o]8HP=O] sHAZHE A

ARE s 2l o Aee Fgsh] A
of Ed/MEd A=m Ttol FouEh zfol7t U=AE
2H1517] 9J5te] Wilcoxon rank sum testS ARR-3F
t}. Wilcoxon rank sum test~= 5 7]j2] F& Hot 79
o]z} ool A=THE A Ee vEa 7 U
o7, oplsE ARES FEEE Mt o187l
ool ojefet vl HAWHS wol o] 83ith & =
FolMe ST FAdHSS flste] Wilcoxon
rank sum testE AA|SFETH 0|3, 1989; A& ¢,
2008a).

24 ZRRTY

o] Aol HE FRERHS Safels] e GAM
(Generalized Additive Model)& A5t GAM-S
GLM(Generalized Linear Model)2] ez =3
H4=0) FEHgAle]Y] HAF A1 WAS At
GLMEt} FHojuhy, ANN(Artificial Neural Network)
Huoh= 3 A3 gj4o] golsith= o] UrkElith
et al, 2006; A& 2], 2008a; A& 9], 2008b;
Franklin, 2009).

GAM-=L GRASP 3.0 (Lehmann et al., 2002)2 AL
3l o, stepwise selectioni} AIC information
criterion(Anon, 1999)& 7|&o 2 HELS 835tk
&A= ROC(Receiver operating characteristic)
9] AUC(Area Under Cover)Zr= B3l =4kt

(Thuiller, 2003). AUCE ©]83F o] A= =74
< 7kl sEA ol AR 7HRAL glo] T &
P vlaskedl @ol olgEI  SITHAARRE]
2008a).

AAA R O] A= AAA RIS ER et
£, o] 2uE EIMEHEA YR qF5ty] {3t
7|&%)(threshold)o] H@sirh dvhkd Bfo g H
T 0.55 7o 2 nRkel A4 vjEA, ol A
EQE QEFIAY BEEY] 22HAE Sl A
SRS Ak ukEsl 2000, olstdt FH7,
2008; Rho, 2009). Leu} Ed/H|&d o] HEARES
T7F FLSHA| ok AS- olet Adse s 9 it
7 = Aol qdek whekal AAIg L S kel
QAgo] Havt Hegste VEis At 8/
HIE# 9] AR ASEE A/dsk3ich

3. & 1t

3.1 B85t & MH

ZAR oA & 1007112 BE AF5E 27519k
ES RO AL 91} 18F0] XA} EHQlow, o] = 4
shsths, g, A5AM] 5 WAESEE Tk
th 2579 A9l 343} 83F0| WAEglon sjubut
ohel, A, ), fEe)7|oh 2 HER Tl
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Table 3. Number of Occurrences of Mammals and Birds
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7F HlEAR Rz HISte] AAT] AA AR Tt
BRlE pEsh] 9T Ha B2 s ) oS §
A)&fjok gtcKPearson et al., 2007).

3.2 B3} Bs 2o KoM B

Wilcoxon rank sum testZA3}5 Folo] GAME| ¥
HRE *17(43]-0“‘11]- QE 4= p-valueZ} 0.20]5}¢1
WSS Adsigon AR Wl Be A% 0l
ofafel #zg ARt T A e
48 Aol palied] glol e 2R s
BelZEA b 5 e RRe Adngos
3}l TtHTable 4).

St &

S
F

l‘_E

£
|° o
= ﬂl
el

3.3 B MEN U5 Y ZREDY An

R&o] Ail= H4ol HEFT o ROC(Receiver
Operating Characteristic) 1|32, B0 W21,
BEIEIEAE 5oz Yyeldtr]

waol APAS AE) Slste] 57| Ao 1}
0] Cross-validation ROCE A5}t o]of ul=
g Ayk= Table 59 At} 8572 F¢ gk, o
2, gul7t mRo] AgEt A Ugkon, 2R 4

& B, Aup, SHIE7], FeAE) o)
o BPHPHE Uehfolnh HeE ngEL /)E

2ol weh Be/ulEse] MARAEAER HEsk
tHFigure 2).
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Table 4. Wilcoxon Rank Sum Test for Species and Variables

L = b e o i B s B D = e e = I | e =

DEM 0.00 | 0.00 | 0.00 | 034 | 0.18 | 0.16 | 0.02 | 049 | 0.05 | 0.30 | 0.41 | 0.33 | 0.00
Relief 0.00 | 0.00 | 0.00 | 0.39 | 0.78 | 0.09 | 0.00 | 047 | 0.66 | 048 | 0.16 | 0.27 | 0.20
RidgeValley | 0.07 | 0.76 | 0.88 | 0.36 | 0.97 | 0.57 | 0.56 | 0.85 | 0.41 | 0.50 | 0.19 | 0.45 | 0.61
Curvature | 0.07 | 0.96 | 042 | 0.18 | 0.28 | 0.78 | 0.63 | 0.99 | 0.81 | 0.90 | 0.02 | 0.35 | 1.00
Slope 0.03 | 0.03 | 0.03 | 031 | 0.18 | 034 | 0.01 | 0.87 | 0.86 | 0.21 | 0.06 | 0.18 | 0.57
Northness | 0.82 | 0.72 | 0.23 | 040 | 0.14 | 0.04 | 0.66 | 0.66 | 0.06 | 0.23 | 098 | 0.25 | 1.00
Wetness 0.02 | 0.01 | 0.02 | 0.84 | 0.56 | 0.61 | 0.18 | 0.74 | 0.78 | 0.29 | 0.80 | 0.99 | 0.44
Solar.rad 0.57 | 0.53 | 0.29 | 0.12 | 0.01 | 0.26 | 0.49 | 0.21 | 0.38 | 0.47 | 0.55 | 0.54 | 0.42
Kung 0.00 | 0.01 | 0.08 | 0.34 | 037 | 0.08 | 0.04 | 0.17 | 0.50 | 0.85 | 0.12 | 0.00 | 0.03
Mildo 0.11 | 0.10 | 0.17 | 046 | 0.29 | 0.05 | 0.08 | 0.23 | 0.20 | 1.00 | 0.81 | 0.00 | 0.67
Yung 0.00 | 0.00 | 0.07 | 0.27 | 0.26 | 0.07 | 0.04 | 0.22 | 0.39 | 0.83 | 0.17 | 0.00 | 0.04
Fore.Struc | 0.00 | 0.01 | 0.09 | 0.24 | 0.27 | 0.10 | 0.07 | 031 | 0.79 | 0.71 | 0.05 | 0.00 | 0.02
Hardw.Rate | 0.01 | 0.10 | 0.02 | 0.60 | 0.18 | 0.38 | 0.01 | 0.38 | 0.15 | 0.63 | 0.16 | 0.00 | 0.09
DistRoad | 0.43 | 0.01 | 0.01 | 0.55 | 0.33 | 0.19 | 020 | 049 | 0.22 | 0.52 | 0.49 | 0.55 | 0.43
Dist.Resi 0.00 | 0.01 | 0.01 | 0.98 | 0.28 | 0.11 | 0.10 | 0.55 | 0.38 | 0.67 | 0.28 | 0.22 | 0.04
Dist.Water | 0.02 | 0.03 | 0.00 | 0.93 | 029 | 0.24 | 0.21 | 0.12 | 0.47 | 0.35 | 0.36 | 0.06 | 0.06
Dist.Fore 0.11 | 0.01 | 001 | 0.82 | 0.16 | 0.04 | 0.05 | 0.28 | 1.00 | 0.37 | 0.09 | 0.00 | 0.12
DistRock | 0.02 | 0.30 | 0.26 | 0.22 | 045 | 0.27 | 0.03 | 1.00 | 0.87 | 0.86 | 0.56 | 0.92 | 0.55
Dist. Agri 0.00 | 0.01 | 0.0l | 0.55 | 0.49 | 0.25 | 0.02 | 0.32 | 0.47 | 0.80 | 0.41 | 0.04 | 0.02
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Table 5. Model goodness-of-fit test and threshold

<% A ovROC | 7]%gk |+ A cvROC | 7%k
Dist.Resi, RidgeValley, - DistFore, DEM, Kung,
5
gy DEM 0.87 0.54 o] 2] DistWater 0.74 0.45
Kung, Wetness, Slope, Curvature, Slope, DistRock,
2 . . . - . .
™ Relief, DEM 0.85 0.46 °© HardwRate, Yung, 0.71 0.30
Dist.Road, Slope, Relief, DistRock, DEM, DistWater
I X ’ ’ > 1 0.69 0.49 =l ’ ’ 1 0.80 0.27
LA DEM gl ForeStru, Curvature
RidgeValley, DistAgri Aok .
AF > >
& Relicf, Yung 0.65 0.26 2] DistFore 0.54 0.31
DistFore, DistResi, DistAgri
1 H R - i ’ ’
rpeyy | Solamad, HardwRate, |01 14 Isywreoia)| Curvature, DEM, DistRock, | 0.65 | 031
DistFore .
DistWater, Yung,
- DistFore, DistResi =ty
A4 ’ > ° ; ; ;
A Northness, DEM 0.70 0.26 A DistFore, Distwater, RidVal | 0.69 0.19
R=Se DA HardwRate, Slope 0.66 0.40 | L=4lo] DEM 0.66 0.46

DistFore, HardwRate,
Bl& 7] |Solarrad, Northness, Slope,| 0.67 0.22 FIEIoN DEM,Relief, Slope, Kung 0.78 0.37

DEM
F2m 2] | Kung, DistFore, DistRoad
=4 Eile ) ) ]
ZA|H| HardwRate, Northness 0.73 0.20 om0l Solarrad, Slope 0.72 0.23
Werness, DistWater DEM, DistResi, HardwRate
2) s s ) ) W= 7 s s ) ) ]
= DistWater, Northness 0.68 0.04 i DistWater 0.78 0.56
247 Slope, Cuvature 0.70 0.15 | 50| Relief, Northness 0.61 0.34
3]y
[E )] HardwRate, Yung 0.73 0.11 Z]‘;H]'];-] Relief, HardwRate, DistFore | 0.79 0.34
) DistWater, DEM 0.83 0.09 Ak AY Slope 0.68 0.28
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Figure 2. Maps Displaying Probability and Prediction from Models(Left; Waterdeer ,Right; Roe Deer)
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< SPMEEY Fez Ve ol & 2RI ¢ Uik B3 B3RS 9] QlojA=

uhEo] A Folo] S FOIA ANBHE B AXNFHE 2 Aol FFREA %A ehde
S 2T 5 ok IS Avun 02 Ao v okgd Selshiick
H

R BRG] Fo| MAo] B RO ekt



IR E85:

. High: 10

0 5 10 20 Low: 1
e ]

0 5 10 20
e —

zR 85= E% EERE

. High: 15 . High: 21

tw:l 0 5 10 20 Low: 4
?

Figure 3. Mammals Richness map(Left), Birds Richness Map(Middle), Integrated Richness Map(Left)
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