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A Comparative Study on Species Richness and Land Suitability Assessment
- Focused on city in Boryeong -
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7k F7HA ol mhet A, 54, MEEAEE SR, A9, #3744 A SAER ekl S5
= sudt EXAGE7L SHHe At 155 10.92%, 2552 37.10%, 3652 34.56%, 4%
B 20.89% 123l S5 E 1L73%2) A A= et B Ao EREe lewit A
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Abstract : The purposes of this study are to apply species distribution modeling in urban
management planning for habitat conservation in non-urban area and to provide a detailed
classification method for management zone. To achieve these objectives, Species Distribution Model
was used to generate species richness and then to compare with the results from land suitability

assessment. 59 species distribution models were developed by Maxent. This study used 15 model
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variables (5 topographical variables, 4 vegetation variables, and 6 distance variables) for Maxent

models. Then species richness was created by sum of predicted species distributions. Land suitability

assessment was conducted with criteria from type I of “Guidelines for land suitability assessment”.

After acquiring evaluation values from species richness and land suitability assessment, the results

from these two models were compared according to the five grades of classification. The areas with

the identical grade in Species richness and land suitability assessment are categorized and then
compared each other. The comparison results are Gradel 10.92%, Grade2 37.10%, Grade3 34.56%,
Grade4 20.89% and Grade5 1.73%. Gradel and Grade5 showed the lowest agreement rate. Namely,

development or conservation grade showed high disagreement between two assessment system.

Therefore, the areas located between urban, agriculture, forest, and reserve have a tendency to

change easily by development plans. Even though management areas are not the core area of

reserve, it is important to provide a venue for species habitat and eco-corridor to protect and improve

biodiversity in terms of landscape ecology. Consequently, adoption of species richness in three levels

of management area classification such as conservation, production, planning should be considered

in urban management plan.

Keywords : Species Distribution Model, Maxent model, land suitability assessment, urban

management planning
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5 ThFE Hofol A 8= dok(Miller et al.,
2004, Peters et al., 2004, Flanklin, 2009; Thorn
et al., 2009; WH%, 2011), FRERFo| F0)
A& EAE mhotsto] 37HA JAYAAAGE oA
k= A0 &2 Maxent(Maximum Entropy Modeling),
GLM(Generalized Linear Model), GAM(Generalized
Addictive Model), CART(Classification and Regression
Tree), ANN(Artificial Neural Network) S¢| &
93 QITh (AR 5, 2008; B4 5, 2012; AA
A 5. 2012; S99 429, 2012).
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Table 1. Evaluation index and criteria for species point survey

Evaluation index Weighted value Spoint 4point 3point 2point Ipoint
Vegetation type 1 broad leaf mixture - needle leaf
Age-class 1 4class or more 3class 2class Iclass less than 1class
Gradient 1 0~5° 5°~10° 10°~15° 15°~20° 20° or more
Forest size 1 50ha or more 10~50ha - 0~10ha
Distance from water 2 0~50m 50m~100m 100m~150m | 150m~200m | 200m or more
Distance from farmland 2 0~100m 100m~200m | 200m~300m | 300m~400m | 400m or more
Distance from load 1 100m or more 50m~100m - Om~50m
Distance from urban 1 100m or more 50m~100m - Om~50m

Aefsto] FRELS |53 7, o|F 2H/u1EW
o= 7Es = 5
7Me TEA) o) A Aol T A13,0] BIRIAL
ol 541, 59, RS BelA, A, 7
QX EAEE B} ), TERES EX24T
=

el ke AR BEd T 5 5
Fastol ulwigicY,

2, ATCHALR|

B o) g By $HYE By
A2, GEAISNEA)E Aole rre o8 ¥
AZo] B3t B K Biel LEA o)A 1
279 191, 3k’ AR Blodeh, WeA o] B

Ao} e 2] o 56.19%, THe|A|< 31.93%, AHeish
ARFAA 6,28%, =AAA 5.60% 0.2 FHA
o3} AT 1 57 20] ] go] AntHel EASH
o} o} Aol ulia 2k wAEo] olrki et
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S Ak, AR}
M55 1850 Pﬂﬂ‘”r«}(ia*l 2011). &
2y ashy] AsfiAe 2 ARl 77H °l
ol Elojof foJu|et At =&E]7] wfiol (Elith
et al, 2006), 2 AolX= S@AF o] TAH o4
Q1 597 A& F& AAsHATHTable 2).

Sl mlo
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Table 2. List of analyzed species

Species group Species name(Scientific name, Points of presence)

Endangered | Leopard cat(Prionailurus bengalensis, 21), Common kestrel(Falco tinnunculus, 15), Chinese sparrow hawk(Accipiter
species soloensis, 6), Narrow-mouth frog(Kaloula borealis, 8)

Raccoon dog(Nyctereutes procyonoides, 68), Hedgehog(Erinaceus amurensis, 14), Asiatic chipmunk(Zamias sibiricus,
Mammals | 23), Mole(7alpa micrura coreana, 83), Wild boar(Sus Scrofa, 21), Water deer(Hydropotes inermis, 82), Siberian
weasel(Mustela sibirica, 48), Eurasian red squirrel(Sciurus vulgaris, 75), Korean hare(Lepus coreanus, 24)

Chinese oriole(Oriolus chinensis, 27), Jay(Garrulus glandarius, 22), Azure-winged magpie(Cyanopica cyana, 20),
Magpie(Pica pica serica, 59), Jungle crow(Corvus macrortynchos, 17), Pheasant(Phasianus versicolor, 24),
Nuthatch(Sitta europaea, 14), Yellow-throated bunting(Emberiza elegans, 14), Indian cuckoo(Cuculus micropterus,
10), Common cuckoo(Cuculus canorus, 30), Japanese pygmy woodpecker(Dendrocopos kizuki, 20), Great spotted
woodpecker(Dendrocopos major, T), Grey-faced woodpecker(Picus canus, 14), Daurian redstart(Phoenicurus auroreus,
22), Short-tailed bush warbler(Cettia squameiceps, 11), Bull-headed shrike(Lanius bucephalus, 29), Meadow
Birds bunting(Emberiza cioides, 10), Rustic bunting(Emberiza rustica, 7), Marsh tit(Parus palustris, 36), Great tit(Parus
major, 18), Varied tit(Parus varius varius, 19), Rufous turtle dove(Streptopelia orientalis, 82), Spot-billed duck(4nas
poecilorhyncha, 20), Parrotbill(Paradoxornis webbiana, 34), Long-tailed tit(4degithalos caudatus, 19), Gray
heron(Ardea cinerea, 21), Large egret(Egretta alba modesta, 25), Little egret(Egretta garzetta, 8), Cattle egret(Bubulcus
ibis, 7), green-backed heron(Butorides striatus, 8), Gray-backed thrush(7iurdus hortulorum, 25), Pale thrush(Turdus
pallidus, 15), Brown-eared bulbul(Hypsipetes amaurotis, 79), Tree sparrow(Passer montanus, 41), Broad-billed
roller(Eurystomus orientalis, 13), Gray wagtail(Motacilla cinerea robusta, 12)

Dybowski’s brown frog(Rana dybowskii, 19), Huanren brown frog(Rana huarenensis, 8), Korean brown frog(Rana
coreana, 15), Wrinkled frog(Rana rugosa, 18), Black-spotted pond frog(Rana nigromaculata, 66), American bull

Herptiles frog(Rana catesbeiana, 26), Korean salamander(Hynobius leechi, 22), Asian toad(Bufo bufo gargarizans, 9), Red-
sided water snake(Rhabdophis tigrinus, 13), Tree frog(Hyla japonica, 69)
) o Table 3. Habitat Variables related Mammals, Birds and
25 o83t #2-&(Overfitting)S 2|43} gt Herptiles
o= 4 5o] 295 ch(Phillps et al., 2006; Elith Section | Variables Description
et al., 2011). WtA] 2 ALoA = = & A g DEM Digital elevation model
o8 AAR] BE dZo] 7153t Maxent version _ Slope Extracted from the DEM
Topo:
. . . North Cos(aspect * / 180)
3.3.3k (http://www.cs.princeton, edu/~schapire/ graphy —
Solar Amount of solar radiation
Kol QN ooy Ko ]
maxent/)& AR, Relief Relief energy
3) BEW2 22 9 MaxentBd AL Yung 'Age-class from forest map
Vege- Kung Diameter-class from forest map
Table 39} o] RPHp= L[F7, 27, FAT tation Mildo Density-class from forest map
=29 AAR] A H71o A tof A AMEE Plant Broad leaf/mixture/needle leaf
H~2 T ste] AE, AA A7 37HA]| 2 BE s}l DFI Elissizznce from forest boundary to the
PSPy Xes! A © 3laF |
STt ESRIATS} ArcGIS 9.35 €85t 23 DFO Distance from forest boundary to the
1420 AzF37)(grid size)= 20m X 20m= &5} outside
s Distance : :
e} 2R @A 1< DEM(Digital Flevation DRP Distance from rivers and pond
- DAF Distance from farmland
Model)& AA3t Zof AA}, 3F(Northness), YA i starice Trom ‘amn ar%
o [ WA} e Al DRO Distance from road and railroad
&, 71=dE Adstalnt. ARk | A DBA Distance from built-up area
B W) AT 97, AT, UEE Yol
A FEste] S, ARFELS SEFEAY o, AErhefdol & Ahd FHEE aesto] it
solq GABde/ MG/ EaoR FRsel A 29 Aele gRze] AeS AT, AAxe
Herodet, et RAAoA AREILBAE  Bede] ke sl % saryEo A o]}
A< el A A2 EAJo]-greoll A A4S HAE sAARRE Y Az, 17k qlfi#Ql 24l



40 SATEL M4 M1

= L3t ER 2 RE O Aot AR /Y AR
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FTEIE G 5S fl8ll, 10071 A8E & /vEd A
e St fo4 HES fIsto] SPSS 13,0
| &5to] o TE A At EEE EtE
RS 3 2 gloma nmaAA 4ol Mann—
Whitney U TestS Al3§stacHEE 4, 2011). 157}
O M= F 7 T B M-S AEg & Maxent
282 0]835}e] 53] WA Z(Cross—validation)
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9 Z{FY FFREE A5t A7 AEH e
2 AYE 1 gl o (Garcia, 2006; Pineda and
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TTHE HI 9 7|53t whE §3} o 5o
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Table 4. Evaluation index and method of land suitability assessment

Section Evaluation factor Indicators Method Weighted Value
. Gradient Fuzzy Function 0.116
Physical property -
DEM Fuzzy Function 0.124
. . Proportion of ecological zoning map high class Measure rate 0.264
Conservation | Regional property - - -
Proportion of public regulation zone Measure rate 0.185
Spatial location Distance from public regulation zone Measure rate 0.165
property Distance from land readjustment zone Measure rate 0.146
. Gradient Fuzzy Function 0.189
Physical property -
DEM Fuzzy Function 0.140
. . Proportion of land readjustment zone Measure rate 0.223
Agriculture | Regional property -
Proportion of farm - paddy - orchard zone Measure rate 0.153
Spatial location Distance from land readjustment zone Measure rate 0.148
property Distance from public regulation zone Measure rate 0.147
. Gradient Fuzzy Function 0.141
Physical property -
DEM Fuzzy Function 0.101
. Proportion of urbanized zone Measure rate 0.165
Development | Regional property -
Proportion of use zone Measure rate 0.135
Spatial location Distance from developed areas Measure rate 0.283
property Distance from beneficial facility The gravity model 0.175
Table 5. Fuzzy membership function 100
: : : : : b, = -
monotonically decreasing monotonically increasing puby FTaHIA AT HekA g (km)z
y=1x<a) y=0(x<a)
y=cos (% y g)z (a<x<b) | y=sin (% y %[)2 (asx<b) HE Hr7iA] e R gl 323015 sl
yZ0h) el 3) SRANT A4
7 EAEONE, S, 2A) AR LD 4 B
a . — =
9x100 @ HHFE)E HPAEEA 2H, A5, B8 AN AR gk wel
b {E(2)E AAEA NG7H2l US wstef At
n
i LSD= Y wxU
Fuzzyg7t ol 24ALEES 5 78 & "=
HhF 0 2 A9 E SRl B LSl 7 A EZ A7) S35 A gelA 5
— — . _ A JA 78 217k Az]H 2 ALAIS
REAAANEE Table 5914 Flemaras Axsin A6 BAAPEs Adote] G R APgeint
WA stel B4 AE1Y
_ 5 Z2ZB2 9l EX|AMT7| Zn} H|wm gt
ARH TR FZUAALT AR Fuzzy O BETE EXHSEIH S Bl B
42 ol 8 ATt FARYS o g W EARABIACIA BAALY SFE 155
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5ol mad A7t & Rxn g kel BEE S 2010). 5955 tAC & 5319 wAHSS AAg
FTHES EAAAYE7LY FIHAALNA BFEe A3t F-2v 2] L 5ol (Parrotbill, Paradoxornis
FFGH(Z score) Tt T2 o R 7k A F 57 & webbiana)7} 0.6202 7MY @2 2P A A=EE
202 o] AR EE Ea) vjws)] Hort B3 A=A 7)) (Huanren brown frog, Rana
huarenensis)7} 0.9072 71 &2 AF=E B

. 2 -Tq' \;I_l ks E}(Figure 5, Table 7).

BT E of| &3 A3} 59%9] AUCEEe] 0.74
SR 24 §4 ANFEE Hol o] glelo] 2EZHEE £ 2
Table 62 o] A& & 5952 A& Z2d/H] shoich AR S E, EZGR, 27, FHGSFY 74

=W A2E 2835t 51 15719 HY e} v 'E‘%%E FTEHEE =& A 439 MRS
T4 W9l Mann—Whitney U testE Ad)st zo 929 LYEL 0~9, 3629 REL
Atk 74 & 2= S 13 Maxent HF oA 0~33, 10%—94 FATEF= 0~109] BES 2
A EY e p-value gol 03772 Mg o 2579 45 3655 e $7ES =53t
7|Eo 2 Adefstlon AdelE War) 2e 49 p- o 3671 F HFTE 3E o dSE SRS
value® gro] W& A2 By AS=7F 7 =7 A BHA QAL Fd 337 Fo] 22 A A
AW BANSE QUSRS 5, 20000 Al 7R e A0 ek 2 25 SE5e 5
A, 2011), 2o Al AL ROC(Receiver
operating characteristic)®] AUC(Area Under -
Cover)3t= 53 43t AUCE 0|83 =39 ot
o ZHL 7|E BF ATt 71 EG Cutoft

0.800
values)ol weh JEwst ek m 2 71E 5 oo qﬂ
AL 9L n o} 2 2REL LA g

0.650
o] o] g5 Ith(A, 2011). ROCE 5 A= 0600
&= A¥= AUCHEo] 24 0.500A4 2o 1.09] k& 55
7]’21_1:_'__?:] AUC%}:Ol 9‘}: 0701}6}. d H’H Eﬁ:‘ O] /\’]‘I‘f)‘} — Endanger species Mammals Birds Herptiles
= Aol oJu]E Zh=ctal wotskal Qloh(o] 5+, Figure 5. AUC values of each species group

Table 6. Part of Mann-Whitney U test results
DEM | Slope | North | Solar | Relief| Yung | Kung | Mildo | Plant | DFI | DFO | DRP | DAF | DRO | DBA

Raccoon dog(Nyctereutes procyonoides) 024 | 797 | 323 | 174 | 744 | 340 | 385 | 254 | 873 | .394 | .697 | 233 | .110 | 941 | .594
Hedgehog(Erinaceus amurensis) 009 | 438 | 229 | 128 | 407 | .154 | .145 | .102 | .898 | 937 | .504 | 926 | .207 | .989 | 925
Leopard cat(Prionailurus bengalensis) 041 | 867 | 476 | 220 | 298 | .156 | 784 | 280 | 274 | .620 | 228 | .662 | .221 | 516 | 299
Wild boar(Sus Scrofa) 017 | 237 | 827 | 484 | .194 | 210 | .190 | .166 | 967 | .701 | 467 | .748 | 197 | 483 | 283
Great spotted woodpecker(Dendrocopos major) | 231 | 548 | 625 | 502 | 548 | .076 | .083 | .113 | .198 | .137 | .111 | .681 | .124 | 575 | 332
Common kestrel(Falco tinnunculus) 002 | .003 | .569 | .563 | .003 | .147 | .137 | .130 | .040 | .066 | .009 | .035 | 433 | 426 | .727
Chinese sparrow hawk(4ccipiter soloensis) | 1.00 | 563 | .847 | .134 | 629 | .194 | .194 | .192 | .194 | .122/| 397 | 399 | .018 | .240 | .241
Cattle egret(Bubulcus ibis) 016 | 254 | .068 | .014 | .196 | .080 | .080 | .080 |.127 |.242|.009 | .627 | .169 | .017 | .940
Dybowski’s brown frog(Rana dybowskii) | .063 | 734 | 631 | .110 | .575 | 371 | 293 | 500 | .957 | .292| 206 | .327 | 483 | .176 | .078
Huanren brown frog(Rana huarenensis) 021 | 550 | 941 | 296 | 412 | 153 | .189 | 362 | 968 | AT75 | 364 | 244 | 733 | 499 | 851
Korean salamander(Hynobius leechi) 000 | 177 | 331 | 013 | 265 | .133 | .062 | .100 | .489 | 395 |.507 | .026 | 420 | .956 | .894
Narrow-mouth frog(Kaloula borealis) J10 | 517 | 165 | 058 | 517 | 121 | 232 | 455 | 919 | .681 | .125 | 270 | 270 | .926 | .560
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Table 7. Part of Model goodness-of-fit test and cutoff values

AUC S5cv AUC S;tfsf Used variables for SDM(Higher-order contribution)
Raccoon dog ‘ 0.798 0.708 0362 | DFL, DEM, DRP, DAF, North, Yung, Solar, Kung, Mildo
(Nyctereutes procyonoides)
Hedgehog _ 0.874 0.707 0331 | Mildo, North, DEM, DAF, Yung, Solar, Kung
(Erinaceus amurensis)
Leopard cat _ 0.860 0.673 0392 |DBA, DEM, Mildo, Yung, DAF, Relief, DFO, Solar, Plant
(Prionailurus bengalensis)
Wild boar 0845 | 0718 | 0585 |Relief, Mildo, DEM, DBA, Kung, Slope, Yun:
(Sus Scrofa) ’ ) : > > > , Kkung, Slope, Yung
Great spotted woodpecker 0.799 0.732 0.609 | Mildo, Plant, Yung, DFI, Kung, DFO, DEM, DAF
(Dendrocopos major)
Common. kestrel 0,902 0762 0458 Slope, DFO, DRP, Plant, Relief, DEM, Mildo, Kung, Yung,
(Falco tinnunculus) DFI
Chmeg e. Sparrow ha.wk 0912 0.837 0.486 | DAF, Plant, Kung, DFO, DFI, Mildo, Yung, DBA, Solar
(Accipiter soloensis)
Cattle egret Plant, DEM, Kung, DAF, DFO, DRO, North, Yung, Solar,
(Bubulcus ibis) 0950 | 0894 1 0464 |\ piio, Relief, DFL Slope
Dybowski’s brown frog
.. 0.939 0.838 0.199 | DRO, DEM, DBA, Kung, DFO, DFI, Solar
(Rana dybowskii)
Huanren brown frog 0.940 0.907 0339 | DRP, DEM, Yung, Kung, Solar
(Rana huarenensis)
Korean salamander . .
(Hynobius leechi) 0.957 0.903 0.172 | DRP, DEM, Kung, Yung, Relief, Solar, Slope, Mildo
Narrow-mouth frog 0.883 0.785 0405 | DAF, DFO, Kung, Yung, Solar, DRP, North
(Kaloula borealis)
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(b) Birds

arnasioes [l s A E

(c) Mammals

Figure 6. Species richness result
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44 SBFASHEIL M243 M1=
IAE FE5 1 5 5% - FERA Y AF e, TYURP LR L olA 7 & R
of gt HE 9] A67x A1FelA] FE8k= 287H] of sF7HEAE Fote] AHdst=d, o] 7l
A& FolA =2, A=A, sk, FAGEH)= A TEX] 9] 2/d57 o] Bt 30l A AXste 7HA
Datsict. 7 olg MY 247} 4 AEUE 2 Hgehi o] Aole), weh B AolAE
AT o sl E S s 7HAE o ]l AR A AN B 71522 A Lslo] 2IAAZS
G27} S ] 9lo] A= WA 5 EA gasor
o]-8-2] 37} o] Fofd 7hg/do] Hot A|Lfst3lrt, 129 ZFAAGE 7|22 AAET S TE}7]
SABFHIA A F AR G2 AEf=t olate] WA FTt A] - 2 A HrlArER| Q] Zat
O] ArO]=1z]d OJAFE O] Kol o] ALO [z} _ = - — —
A= gaieEA A, Aumel 5 IR AN gugo) wan mEEE olgstel BEATE
BARAN, FARAAA A2 BSTN S paare) wzsizhzne A4, o2 B4t
2 OHEE Flalm O Mk Alz] oo s Elz] _

]E O OI’MJ—, TL.H!——_']:HO ]——'L_ HEL_ AL%ZIETableéBl}EO] 57H ‘%‘%giql’_‘ﬂ]%
B2 TAR A 2] 2| o] A o] ALk A E] IR - _
BT AR IS TSN g eana 0 el s 9AR AT
sEuA % S AN AT REWEEE vkl wag dgoz 44532 R 2
1,9887) WA S SHER 519 .

o L N o= = ke At (Figure 7-b, Table 8)
EE= H7HA = Table 43 2] H[&57, Fuzzy
3. B3R EXXYEIt Zut Hlw Ayt
Table 8. Lots classification result H ool A ZHEWES AlA|So] 2 HRA
T R o= B
e Number of . - _
Classification Tots Classification standard FHEH R o]FojA oYL - AE AR E L7HA FE
1 15,517 Preferential preservation  FTFHES TR T 9 AEE 7HAE
5,393 Z<15 H71e) & 4 lrhe SHoA EXHAR7Ie) v
: St e 2 R34 sk, YAES viLe) R 15T
: e D20 10,92%, 253 37.10%, 353 34.56%, 453
4 22,183 0.5<7<1.5 . s [F=] . s o H . s o H
5 4,907 7215 20.89%, 555 1.73%=2 LAA|sh= A2 Yepytth
1,988 Preferential development (Table 9). Figure 7oA Hol= 292 HE A of A
Total 98606 FAATIAE 023 Q= dAE, SHE, ¥25
Table 9. Comparison results of each classification
Land Suitability Assessment 1 2 3 4 5 Total
1 km? 0.73 2.69 222 0.93 0.17 6.74
% 10.92 39.86 32.87 13.82 2.53 100.00
5 km? 2.28 5.91 4.96 2.36 0.41 15.92
% 1433 37.10 31.16 14.84 2.57 100.00
3 km? 471 16.94 18.32 11.16 1.82 53.01

stp;nms % 9.00 31.95 34.56 21.05 3.44 100.00

chness

e — 4 km? 5.36 16.87 17.38 10.88 1.61 52.1

% 10.29 32.37 33.36 20.89 3.09 100.00

. km? 1.16 4.58 4.03 1.54 0.20 11.51

% 10.08 39.81 34.98 13.40 1.73 100.00

Total km? 14.29 46.99 46.91 26.89 422 139.30
(o)

% 10.27 33.73 33.68 19.30 3.02 100.00
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Figure 7. Species richness and land suitability assessment result
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Figure 8. Species richness and land suitability assessment result in Nampo-myeon, Boryeong city
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