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Spatial Conservation Prioritization Considering Development Impacts and Habitat Suitability

of Endangered Species'
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Q) = AL EEA] AEFol SUIBIAL Ao, SR HIA| A9 AdAIA 2RI Fo3 ARelrk wEkA &
AFollAe o] ML e Wl ko= Hox o AA Al agfsfor & B AR ge Flskdnh BAd
et EES HAAR A A AZEO|] MARXANS of5}o] 7|& HoA| g} of el /el Rhgo]
FE 7IECR F Hl 7Y ARl eR EASIITE R A v, e, ERY A, dsie o8-8
E=ESIPO, BEF B oV AH2 Al 33 A=AdeE2Ar AR 25, B4, PSR FEARS o185
LS ARG o8Bl o] 7 7] 890e A ARR VIARKE 7R HASPIHES ol8slo] A 4]
Alog EESITh A2, BES7] Aede EAsket $8% IS T A0R VHEe A %ol IE HaA Yt
Holl AollA] ti> LERtoH, YRS 1S the HAkes] Aol shHslE o] UeidS & 4= Uik /i
i} 7| EHSA| g B AR mole 7|E HeA|e FHoR ofu] Rrde] o] o|fjA 7|E Hex|Hiks ol
AHolA] a7t = UeRdT. webA S GRS efsle] EEIE BIosh| e 7IE HoAo i ofeld]
A= HEsfE et glon, sHskEo] Uehte Bl deiAl el tigt therdet wajo] dagke o 4= A3tk

FQ0]: QIZto| Hst, BEL|7|F, ESX|H, MARXAN, H|AXQ! HXA|E|

ABSTRACT

As endangered species are gradually increasing due to land development by humans, it is essential to secure
sufficient protected areas (PAs) proactively. Therefore, this study checked priority conservation areas to select
candidate PAs when considering the impact of land development. We determined the conservation priorities
by analyzing four scenarios based on existing conservation areas and reflecting the development impact using
MARXAN, the decision-making support software for the conservation plan. The development impact was
derived using the developed area ratio, population density, road network system, and traffic volume. The
conservation areas of endangered species were derived using the data of the appearance points of birds,
mammals, and herptiles from the 3rd National Ecosystem Survey. These two factors were used as input data
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to map conservation priority areas with the machine learning-based optimization methodology. The result

identified many non-PAs areas that were expected to play an important role conserving endangered species.

When considering the land development impact, it was found that the areas with priority for conservation were

fragmented. Even when both the development impact and existing PAs were considered, the priority was higher

in areas from the current PAs because many road developments had already been completed around the current

PAs. Therefore, it is necessary to consider areas other than the current PAs to protect endangered species and

seek alternative measures to fragmented conservation priority areas.

KEY WORDS: ANTHROPOGENIC DISTURBANCE, THREATENED SPECIES, PROTECTED AREA,
MARXAN, SYSTEMATIC CONSERVATION PLANNING
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kO] TR Qlsto] A7t gl ety et Ay
L olth. REAIe sk g HEFES REsHE 7}
g QAR Skom, ABO 7108 vl ekl S
3t B 529 (Protected Areas, PAs) &7} 293t Naoe
et al., 2015; Hong et al., 2017). H & x|J0] HA-S Z|djjst
shwsl o] AETePY 745 v 7P EuEel W]
AL Agke oflit Z1ejar At -2 TRt AlRkall
o olsle] BE A9L BESR AL 4 otk get
AETF HAo] Kt 83t RS AARIE 2, It
of o] Giake R M 949 Ado] Hasid.

AAFR] BAAZLS o|dt BHo x| AHo IS F=
oRoFRh QQke ERto e aedor Wil 9Aee A|Y9e
Zke 4= 9l HbHo|th AAY7ER] MARXAN, Zonation,
C-Plan 5 A|AZQ HA AL flsf thet B 459
AT EJo7} 7fErE]oj2tPouzols and Moilanen, 2014).
AAAQD BAAE AFAel Hadkst AXut HA 7, o
4k G 5 AAAY S RHste] BRE olF
Sl B SARESIE A 4= olrk ToF o] % a4} 4
a1A aefE|A] Feithd BAERE GAJsked EAolE 7t
FE= oPIst, aEAQl HARRI} ofglE 4 thWu
et al., 2014).

Aol BASES EESH YHe AP 4B %
ARE Fol et os2A TS FAE 4 Sl 9
T8 TR AR AL e E JEI7T FETE A
ol A= ZEE HE)(Species Distribution Models, SDMs)&
olgatel A4Sl WAl oy vigm AAela ok
(Lessmann et al., 2014;Naoe et al., 2015;Dunn et al.,
2016). 7t =38 TUCN HE97| Guol et BeEsis
oo s HAFAETF 2 2 o B2 HAREE A
As}7)= dttH Arponen et al., 2005;Farjardo et al., 2014).
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Felfe} mEAe] B9 YA BRE AY HE
A& APgsk= AAZE ofd7] wiizoll, 7] A% HoA|H9
Yol Bkl A $Ea AgolekKim, 2012). et
2] 79 Tkt g x| ojo] EAskal Qlov, EEe1ET}
o] FAHel BHe AP BB RS BN of
e BT, A Blollie SAEIA YL g =
t}. 53], opdE HEFHL F 395719 Hax|do] it
w4 23602 shmshele]l Ao] Hlo] glol(Ministry of
Environment, 2018), BE97|2L HIsl=d| AaXo] 9|
ox) Busich Eak BESl/IE AL ) A5
szl o] AR FENE Alsd B A4 Rof tigh
HA ]l HH7} HEsto] B9t 22 WAl HAA g
skt 2ARER ZEE7] oge Fo] o

Ho
2 Qo] B, 7 59 FRkS Wk Ateel Xl
QJtiTheobald et al., 2012; Naoe et al., 2015). 22|Uzto]
Zdole gt AAPNER Qlsto] 4F9] uhRs) AAA] uf
3 5 paerele] Ak, Wby ApiRE A eiEolol
EAjele] ARAS ¥ 4 UG Rolch B il
= QI Fake ERIsk] flste] “opl/d(Wildness) oLt
“ol7PIR}=HHuman footprint)’¥} -2 |7} =72
5}IthFajardo et al., 2014; Wu et al., 2014). Z12]31 7jj¥ke]
Fe Uetlis Aaees =53] $1eh ez /a4, Qo+t
L, L 2, wEE 5 Y B Q]
Arol HWEE HpEo] o8& QJtTheobald, 2010).
ufebA 2 Ahs Al 33 A=At 2AE Akm W HESR
7180 ERREE FEE HPS FoA ARETA S ==
slo] AFAQl HAERE st g WG Haes
o[- g3k 7S A e o] A AR =
A 2z} ghek A2 02 Al HEIRe] B
O

< 3RIEL7| 9ato] 71 BEA|oS AABHA] okl B 94
e AR Ao} 7|2 HEA|HS AAlskal =E%E B



syl BE971Ee] A

Mde e 2 e A%

195
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1. AFCHEX|

2 A7) A=t SHA199] SRS, AlES
WA, chgela ddjolc). o] Aele Seluelel giw
A SRS g, MEtiE HE A9 WEshs 1l
w27} 7k B efolck o] Aefo] 7k mER|le] B
WOzl B o] Aol o R BT 132 Aljst
L me e qyue] mEAelSuio] 24| Hojelrhs Hol
ok 3 ARSSEARAA S Aol g e njd v}
0] 2 A dog At B 3 nefsks Al Fa%t
Z]oltiLee and Lim, 2014). AJETIFA 2K Convention
on Biological Diversity)o|A= RE 2|9 LA dfjokoz
Uro] 718 st o1ahg Zldkshar glck. 2 Aele ol
AR % AP vEkE Eale] ohe AeloR S S
Aote shion Adslchn & 4 otk

HAA1E =S $18F AlFT$|(Planning unit)i= A
of fm Ei qlE Azl et t=A) 28 4 gtk &
Aol 2 Ahme] FUMES Telslo] llar AAE
AR AAelol B SAee] WA AXSHETMo
et al., 2013).

Chungcheongbuk-do

Sejo ng-si

Daejeon. o
Kilometers

Figure 1. Study site

Hoxjo Aol Slo] g, <zt IAb=(Human
footprint), ¢17tol| ©J3+ W&k Human Disturbance) S-& &4
23] AlR7k5Ao] e BAATE Seleln] mgo] Hrt
(Lessmann et al., 2014; Wu et al., 2014). 7J&<33kS: Hrls}
7] $Jato] £ A-telals PUHA B, e, B2 A
A, nEF GRS o]-85F%tHTheobald et al., 2012). °]&
a0 O3t FFF ArE Bk AR WRES
Theobald(2010)S F= Z15}ATHEq. 1).

H=max(c,h,r,t) Eq.(1)

c= 7HEHA HIE, hiz QHPELE, 12 EESg IE =7
2 FF; = wEol T ] ArE vehdch He

& 0-12 EFIJsle] HUigks =St
ZHEHA HlE(c) SHEH2009)0014 Alsh= Sm sl
(1:5000)9] F4-57 EAEE F 7] Ho] opiEEol
A0 RS T|A AZkeE A%, BR9L, FEkRA], B
%], 7|eppAlS ARl Jaka, ARleke) 1) A
HA B8 0-12 =319t Theobald et al., 2012). 1714
Z(hy= FEAYYEA2015) 228 H FHHFNA Alsdh=
Tk AiESle] QHIE A5E o} g3iick. oll, Ay
2 QPSP v, Bl AR Qe 4R ol et
9ol BT H%E AT A4S TR
fhck APEEs et A B ATEES) S03 Wk
7)%0R 503ERct =9 1.0, 20w 0-19] Zhe g 319
ok ATTpAle] AFUEE 20144 720 e}
2.866W/ki, AEEWRIZ|A7} 288 4% ke, 18]7 2HEE
7} 210%/knro|ci(Statistics Korea Homepage).

w20 ojg Bel g wze] A clg 4hal
PR aLefsl| flstod, 7t AR EekL Qs B2
Suoll Wk 0-13k& AREsISlth 14T 2E gl Qe
A= 1.0, Ykt = 0.5, A= 9 Y= 0308
A8}t Theobald, 2010). E2YR| e =7 falEA HAE
oA AlFBHL = AERE SHEE Al SE7HAY A
AE 7 ARE=2FAAE o885t =20l ot 2154
Q1 FERERt opet =2 E o] 83l A AEgol nAle
F931 2194 HFek= shjo|tiAlexander et al., 2005). w2t
A EEFe] Aol wE FH JIFS B7sloirkJaeger et
al,, 2005). e A ERE, T, F7HAYE, ]
W= 38471 A|F(2014E 7]2)0lA Al Em Al 2ARE
A 2 Ao A 3 Annual Average Daily Traffic:
AADT)S o-85I3ith 12|l wgego] ofgh ke wmai
B 1km A2J7HA] Kernel densityE o7 Wil sttt
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(Forman and Alexander, 1998). A2|o] 2 w2 %3F9]
HaE =& A2 (BEq. 2)¢F Atk o& &0], AADT7}
10,000}t =29 t= 1.09] 32 71421, 1000]H 0.19] 32
7HAA ok

t = min (v/s ¥0.01,1.0) Eq.(2)
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Figure 2. Variables for calculating the development impacts
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Table 1. Home range and movement of the endangered species that were observed at the over 15 points in the study site

Taxon Korean Name Scientific Name Home range References
863ha Rutz, 2006
2 Accipiter gentilis 2,674ha
& prier 8 Boal et al., 2001
2,498ha
o . 9.2k
] Afjaj Accipiter nisus - Selas and Rafoss, 1999
Avian 12.3kn
EL O Ao Accipit loensi 4.62ha Choi et al., 2012
2. ccipiter soloensis oi et al.,
= P 22.57ha
ANzE]7] Falco subbuteo 16.6knt Clements and Everett, 2012
S| ZEwHAY Charadrius placidus 600m’ Thai National Park, 2020
) 7.2kit Grassman et al., 2005
o] Martes flavigula -
22.3-59.1kn NIER, 2012
o ) 13.2kr Grassman et al., 2005
2k Prionailurus bengalensis -
Mammal 0.3-15kn Oh et al., 2010
= Lutra lutra 38.5kn Erlinge, 1967
s 59.9ha Hanski et al., 2000
Pteromys volans
o3 Y 8.3ha Selonen et al., 2012
2 ARSI, 157 A ol SRREE 7 27 5, g3t

EHF 4%(Table. 1)& 02 MaxEntE o]-§3}o] 447
e E=Z5Th AAARA AbEANkte] o] SRS
o= 11w, AHAL R|F45-8-R|43Topographic Wetness Index,
TWIe} 7R 258 A, A =5 E 9] Agjrt qlok 12
31 MaxEntz =55 Anolla] AA1AMdo] w2 A&
o=, AARIS B ol ALt g AYATE Farstod
(Table. 1), A4} HA] ol Fe] A2 AAAgA| A0
27gsi3lc

o

HelM= F7F Bot Hagt A9E 37 flstod, A&
thAQl HA SAeRIE AFSISict o] W MARXAN(v.2.0.2)
£ olgslo] $A9E WISt MARXANS HAERE
AHsH 2Ast7] flste] vlg Avpa R sidsty] figt £
e 27| 98| mojebEA7H(Simulated Annealing, SA)
olgh= 7IARKE7 IR A3 HPHES A8slo] i e
ojo]ci(Ardon et al., 2010). FHo] Q3 HE EXA =
AELEC] B3 4 JES, 157 A-uit &35t F& o
= BAo] g 4= Qe sl 157 AFolt 33 2o =&
E AARRAA 5 30%2] HAo] HAo] Hes s HA
3Lt 30% RAER= Lessmann et al.(2014)0|4 AA%Jst
BE IS o] AR w2 AETY HAsRE

HA SRS =5k Aluees & Ul 7R AAst
Ak 7|E BEA| ot offe} /PTG Wi R, o] &
7] 71%& AL AU @5 RS MARXANS
Fol7] Aol HEEA] V& HIAHE EZFsH ASH9E
‘lock-in” A& S|4 Al A 0lA] HEEA] HAo] &
T2 A5 4~ 9l Adron et al., 2010). welA 7|E HEA]
o ol o] et B 459 A|Yo] thEA LR R=A]
T EASHA] kS W) 7] HEA|Yo] B A=t
=24 BRI & 47F itk IFEE AES Hoo] F84
o ® 7t Ho|9E 2= 2 A P edks M EE
i) ZpolE I 4= Q.

TAZ Q1 MARXANS] 7o] #sfiAli=, MARXANS &
og=d 7Holel= A3 WHES ARSSket, &
1,000,000%1 mEgsto] 71 22 e wEdlfdlch w3k 2
AtollA= o] AYs 1009 HHEste] o $2 s 2 4=
UES SRt 7ARE S Ago] ofd 2AsiE 27
o 2ol HHEgRo 24 T 2 315 23 4 Q= 710l ot
Z] 4= QJti(Lessmann et al., 2014). 10080 Al&)st AulE =
ato] 71 w2 SR el 2|odo] Ao B 94
97F wohaL e o glow, o] A tE AY9E
HAgto ey i)l HAsl| ofele Fa3k AYqolek= S48
7HHALE & 4= Utk MARXANS Folf Sk Ao
SHEE 2Esh| flsto] AAAR =4 ¥Ha(Boundary
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Length Modifier, BLM)E 0.012 d%3}%tLessmann et W ARG T A A Ho] =2 7S TR Ao LE

S~

al., 2014). MARXANZ] (Eq. 3)3} 2tk

E Cost + BLMZ Boundary + Z SPFX Penalty
PUs PUs PUs

Eq.(3)
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=
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WA vle, i, ERS, AWWE
[-§5to] Al 7iaH L=} A HE
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ki, 4(a). QB BE] Ao thHgeIxlsh A%
A7k 91208 AZelH A ek A2 Bela % 9t
(Fig. 4(b)). 0|5 F3ste] == S =H AuE a4
s, Alegagol e Alelo] Aol o 2 Aelo R w e
A7t o Qlckn A2 4 gke Aol

2z Axfel sfdredsF = (Development Impacts)S HH
Aol Ot Fo] vl S & 4 Utk AR e AE
Fo| AAAE THIATIE o aclow 1 ool Zeae)

=2 v

HEE glom, AFolFor ofdt &g, d7|eY, E &
chofst ek 7)xIck(Jaeger et al., 2005). wehs] B A|HS

AN o, 303 D ss woE 99rt ok

Kilomaters

(b) Annual Average Daily Traffic (AADT)

(c) Development Impacts

Figure 4. Variables for calculating the development impacts (a, b) and the development impacts (Max
human influence) (c)
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Figure 5. Habitat suitability maps of (a) Charadrius placidus and (b) Pteromys volans
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A AR S BT 27 5F, A0 459 ke
AUC(Area Under Curve)3fit ROC(Receiver Operating
Characteristic)E &3] 29| 4125 ERISIIAL, 2
0.8019] Hete s Ko 2 9] Aute g5t i
Eufjel o] AAEA o] Bt AEE e oR e
7h =7 vERh SEEuae] ARG 2 EA|
5 5 o, ARl A= Y THFig. 5(a)).

2 AtollA= MaxEntof|A] AXSh= E3/HIEAY] 7]E0]
e 9AGE 5 Maximum training  sensitivity plus
specificityghe 7]152082, S0 7168 AR == A
At FEsto] AAIE 48815tk Ataat s} A
dolup slae] AAske Aom dExl SlEEuAy
(Charadrius placidus, Kim et al., 2009)2} 2 34 S50
AAek= = (Lutra lutra, Kim et al., 2015)3} o] AJ2]%]
O] EAJo] 8t BEFY Aol i oz AAHE| o]
o] X7 AA LR iAo s 2 AAE e}
oheket gHEolA AR 4= Qe skethEF(Preromys
volans)®] 7390z AAIAAJ0] =2 A o] Wol, XA
ool A& olF AYEel v =& HUKFig. 5(b)).

AAARY Bk Be el diste] & S/MIEd
ZAE, HUEY 2AF 5O AL, HIEAIR QIste] Algte] 9l
7] e, HAAESE pysted 1835 WHolti(Fajardo
et al,, 2014). TIJH BRT-8 gprro @ 3 ARJ2gAo] 35
o= A vehd AHe B vt A oR w2 A9
o7 gdst 4271 It Lessmanne et al., 2014). 3}A9F <&
A1) 4t giAlol wet HelBiased) B A7} = 754l
383 o2 183t "RV} tiFourcade et al., 2014).

Ndgakr 718 BEA|S aejebAL aefskA] b2 U]
7] Alu] e A ATE A, A A, PRk A
SHA] 9> AT, Fig. 6(a)¢} 6(b)E BlusHd EE)7] =g
= oz Hovh ast A99] AHe9E mizte o, e
A W YRAYE =2 855 2 AR Yehton,
AR 2 A S v UL ol Al 33; A=At
A AL AARTE S-S UGS ALfslal 2ARE AAIRE
olf7F A8 Ak Qlrk e 71E B A 2]9] A|HofjA]
T g d@EIFe] vehaL Sltks A& Hox]9o] ofd
A o] dfefire B Ha ol dheljx] Afarst Hart S-S
TS 7 Sk E3F R} AR SRR A
of o} R X oA EJT A7t W2, o= 2ARY
Hollx] ERFRIoR ZA] offt AakoR WekAr. e
WEE 2A ARES0] oloh 2L Welg AT ol a4
Al FoJg W7} Qi (Fourcade et al., 2014).

T+ WA, 71EES XS EfshA| FoHA, RS 1L

71 HEA9e] Fa4o] o Fobi 2 & 4 itk ol
71 HEA|o] AfaOR Aol 2] RO R UL
th 7183 Fig. 6@l 4RE 2HAHE]

£ Aol FHoR B $HEIH S Aof5o] the 2
A o)=r] Vet glovk, Aueige uefsh w7
2 550 9 glolis WA SAESIH e Alotso] TS
AR O Ueh e S 2 4 Sl Zeaol 2R oA
oAl BES WAL XKL Q17 whEe] o] voniAl
WES/1E BEvt Bask Ade 2 A 0|27t ofd]
wpEolt). £ AT ANE Falo] Q1] ATGFE mefsict
wl, BEAole it o, sslo] tiet cjae Abde] nhel
T ask U Ao poEr.

A WA, 71 HEAGE etskan ALETS nefs]
o} Teieh) ghe Fig. 6(b)sk 6(dyS B, S el
A] 9B Fig. 6(b)ollAf 71 BEA0] o 1A Sl
S17 7] Lheber: SReIa 4= 9Iek. ot MARXANS] U]
Hol gl 71% Al F3 FAYE HH7} o mAEge]
o] frhe o] HielEl Al WLHETArdon et al, 2010).
TRt LTS TR Fig. 6(d)E AuuE, 7% 857
of o] ol Z|ojS0] APIHOR SHEIP} thh e
A S5o] et & o 4 gtk 71E BB Fulo]
S} 7] Sk ol kel BaAlelel] 28 Gl
AP 7] uholeh. SRR we] MEhIE EX 5
BEIE PUGYISER, FRYRISEER, FYTSE
2o} 1 0 EREEE WH ol vt ok mevh A
o] ZATF FAS S BS T v, Yo HASHIA
She BoAlole w2 i 345 ol A4 wa

7t Sl

nE
i elo il e Teige el 1A 9419 4|
& R3] Sfste, 71 BoAole] Faws lsi,
LS el o] B $AeelE EEsich WAl
S} Bl HESPISe) AAARIES BKo 2 A
2% gtk Ao Aol ofet ok Il Tefgos
W AR BAARE ol Zlo ks e ekt 2
o

SHARE B 71A] el Slnk A WA, MM de =E
o ZiZte] Fof gt MAEY HEE vigeR WeE 74



202 w8l e AgEeke] 7] 35(2) 2021
fofsl=d], & AN BE EUst HpE F83519ch breeding Eurasian Hobbies Falco subbuteo in southeast
SRSl A]QEE =0]7] ‘HOH/H—‘ 7 AJEZ0] AAlo| England. Bird Study 59: 74-82.

A
CPE BUE clgsot Bof % o, ¢ el
3] T 8 9] Aolo] SUcHe AR o
sjiale] el wel AR nlxjs gl T ¢ I
ejsi) ST 2 S5 A4Hslsr A5 Al 9
7| vfze] shpishel Aofo] ofefet e WA
4

_|_.
rO
32
>
=

QU5 ek Al WA, Aalae] wigel el thet
2k ) ohd e el o St o g2
3 Sk WA W5 e 20 2] S s 90

ANEEL Q) ghoR 7] wra i EE 37} R
Pzt 2jole %j ggo] oigt wek e AR 75
SEECE

&= AellM o dopt mRE QR 2E FA|, =Rt
AH R MARREel IRl gt 2ol ARl A
Q1 5L TR, ok Buel 1Al S4ee] e
] Ego] F Flolck E3E Ao ARt ofe}
wlefol] che iRl Exjolg Wt ofZat A A
Al 7| sl 2 ol ApdAfs), 2R HelZ oIt HgS
wefgthd Hoh AAE o AR HAL 918 Fadt
|2g gaisto] we} B3Rl BAAR 40| 715 Aol

'

J

i)

REFERENCES

Alexander, S.M., N.M. Waters and P.C. Paquet(2005) Traftic
volume and highway permeability for a mammalian
community in the Canadian Rocky Mountains. Canadian
Geographer 49: 321-331.

Ardon, J.A., H.P. Possingham and C.J. Klein(2010) Marxan good
practices handbook, Version 2. Victoria: Pacific Marine
Analysis and Research Association.

Arponen, A., R.K. Heikkinen, C.D. Thomas and A.
Moilanen(2005) The value of biodiversity in reserve selection:
Representation, species weighting, and benefit functions.
Conservation Biology 19: 2009-2014.

Boal, C.W., D.E. Andersen and P.L. Kennedy(2001) Home Range

and Habitat Use of Northern Goshawks (Accipiter gentilis) in
Minnesota. Page Wildlife Research. St. Paul, Minnesota.

Choi, C.Y., HY. Nam and W.S. Lee(2012) Territory size of
breeding Chinese Sparrowhawks (Accipiter soloensis) in
Korea. Korean Journal of Environment and Ecology 26:
186-191. (in Korean with English abstract)

Clements, R.J. and C.M. Everett(2012) Densities and dispersion of

Dunn, J.C., G.M. Buchanan, R.W. Stein, M.J. Whittingham and
PJK. McGowan(2016) Optimising different types of
biodiversity coverage of protected areas with a case study using
Himalayan Galliformes. Biological Conservation 196: 22-30.

Erlinge, S.(1967) Home Range of the Otter Lutra lutra L. in
Southern Sweden. Oikos 18: 186-209.

Fajardo, J., J. Lessmann, E. Bonaccorso, C. Devenish and J.
Muiioz(2014) Combined Use of Systematic Conservation
Planning, Species Distribution Modelling, and Connectivity
Analysis Reveals Severe Conservation Gaps in a Megadiverse
Country (Peru). PLoS ONE 9: e114367.

Forman, R.T.T. and L.E. Alexander(1998) Roads and Their Major
Ecological Effects Author(s): Richard T. T. Forman and Lauren
E. Alexander Source: Annual Review of Ecology and
Systematics, Vol. 29 (1998), pp. 207-231+C2 Published by:
Annual Reviews Stable URL: http://www.jstor.org. Annual
Review of Ecology and Systematics 29: 207-231.

Fourcade, Y., J.O. Engler, D. Rédder and J. Secondi(2014)
Mapping species distributions with MAXENT using a
geographically biased sample of presence data: A performance
assessment of methods for correcting sampling bias. PLoS
ONE 9: 1-13.

Grassman Jr, L.I., M.E. Tewes and N.J. Silvy(2005) Ranging,
habitat use and activity patterns of binturong Arctictis
binturong and yellow-throated marten Martes flavigula in
north-central Thailand. Wildlife Biology 11: 49-57.

Grassman, L., M.E. Tewes, N.J. Silvy and K.
Kreetiyutanont(2005) Spatial organization and diet of the
leopard cat (Prionailurus bengalensis) in north-central
Thailand. Journal of Zoology 266: 45-54.

Hanski, 1.K., P.C. Stevens, P. IThalempia and V. Selonen(2000)
Home-range size, movements, and nest-site use in the Siberian
flying squirrel, Pteromys volans. Journal of Mammalogy 81:
798-809.

Hong, J.P., Y. Shim and H.Y. Heo(2017) A Study on Aichi
Biodiversity Target 11-Focused on Quantitative Expansion
Goals and Qualitative Improvement Goals of Protected Areas-.
J. Korean Env. Res. Tech. 20: 43-58.

Jaeger, J.A.G., J. Bowman, J. Brennan, L. Fahrig, D. Bert, J.
Bouchard, N. Charbonneau, K. Frank, B. Gruber and K.T. Von
Toschanowitz(2005) Predicting when animal populations are
at risk from roads: An interactive model of road avoidance
behavior. Ecological Modelling 185: 329-348.

Kim, B.(2012) Enhancing Management System of the Protected
Areas in Korea. University of Seoul. (in Korean with English
abstract)

Kim, S.G., G.Y. Ko, C. Kim and D.W. Ha(2015) Analysis of



syl BE971Ee] A

& 2t B eAdee] A% 203

Hydraulic and Ecological Environment of Eurasian Otter
(Lutra lutra) Habitat Using River Spatial Information. Journal
of Korean Society of Environmental Technology 16(2):
169-176. (in Korean with English abstract)

Lee, G. and J.H. Lim(2014) Estimating a Spatial Structural Change
in Chungcheong Metropolitan Region Due to Constructing
New Cities (Sejong and Naepo): Focusing on the Scenario
Based Simulation of Population Changes. Journal of Regional
Studies and Development 23: 197-225. (in Korean with English
abstract)

Lessmann, J., J. Mufioz and E. Bonaccorso(2014) Maximizing
species conservation in continental Ecuador: A case of
systematic conservation planning for biodiverse regions.
Ecology and Evolution 4: 2410-2422.

Ministry of Environment(2014) The 3rd National Ecosystem
Survey.

Ministry of Environment(2018) The status of Wildlife Protection
Area.
https://www.me.go.kr’/home/web/board/read.do?boardMaster
1d=39&boardId=912980&menuld=290, 2020.12.21.

Mo, Y., D.K. Lee, H. Kim, G. Baek and S. Nam(2013) Efficient
Establishment of Protected areas in Pyoungchang County,
Kangwon Province to support spatial decision making. J.
Korean Env. Res. Tech. 16: 171-180. (in Korean with English
abstract)

Naoe, S., N. Katayama, T. Amano, M. Akasaka, T. Yamakita, M.
Ueta, M. Matsuba and T. Miyashita(2015) Identifying priority
areas for national-level conservation to achieve Aichi Target
11: A case study of using terrestrial birds breeding in Japan.
Journal for Nature Conservation 24: 101-108.

NIER(National Institute of Environmental Research)(2010)
Ecological Characteristics of Yellow-throated marten(Martes
flavigula).
http://me.go.kr/home/web/board/read.do;jsessionid=SUEZw
d09scdqd17sXBkOEy0ZQhsZU kxqGrx7uh6gel V3jsIXgHm
TRVULDYQEOVKZ.meweb2vhost_servlet_eginel?pagerOs
et=4440&maxPageltems =10&maxIndexPages=10&searchKey=
&searchValue=&menuld=&orgCd=&boardld=175842&boar
dMasterld=1&boardCategoryld=39&decorator=, 2020.12.21.

Oh, D.H., S. Moteki, N. Nakanish and M. Izawa(2010) Effects of
Human Activities on Home Range Size and Habitat use of the
Tsushima leopard Cat Prionailurus bengalensis euptilurus in a
Suburban Area on the Tsushima Islands, Japan. Journal of
Ecology and Environment 33: 3-13.

Pouzols, F.M. and A. Moilanen(2014) A method for building
corridors in spatial conservation prioritization. Landscape
Ecology 29(5): 789-801.

Rutz, C.(2006) Home range size, habitat use, activity patterns and
hunting behaviour of urban-breeding Northern Goshawks
Accipiter gentilis. Ardea 94: 185-202.

Selas, V. and T. Rafoss(1999). Ranging behaviour and foraging
habitats of breeding Sparrowhawks Accipiter nisus in a
continuous forested area in Norway. Ibis 141: 269-276.

Selonen, V. and I.K. Hanski(2012) Dispersing Siberian flying
squirrels (Pteromys volans) locate preferred habitats in
fragmented landscapes. Canadian Journal of Zoology 90:
885-892.

Thai National Park.
https://www.thainationalparks.com/species/long-billed-plove
r, 2020.12.16.

Theobald, D.M.(2010) Estimating natural landscape changes from
1992 to0 2030 in the conterminous US. Landscape Ecology 25:
999-1011.

Theobald, D.M., S.E. Reed, K. Fields and M. Soulé(2012)
Connecting natural landscapes using a landscape permeability
model to prioritize conservation activities in the United States.
Conservation Letters 5: 123-133.

Wu, R., Y. Long, G.P. Malanson, P.A. Garber, S. Zhang, D. Li, P.
Zhao, L. Wang and H. Duo(2014) Optimized Spatial Priorities
for Biodiversity Conservation in China: A Systematic
Conservation Planning Perspective. PloS One 9: 103783

(1-11).



