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ABSTRACT

Climate change poses great threats to wildlife populations by decreasing their number and destroying their

habitats, jeopardizing biodiversity conservation. Asiatic salamander (Hynobiidae) species are particularly

vulnerable to climate change due to their small home range and limited dispersal ability. Thus, this study used

one salamander species, the Korean clawed salamander (Onychodactylus koreanus), as a model species and

examined their habitat characteristics and current distribution in South Korea to predict its spatial distribution

under climate change. As a result, we found that altitude was the most important environmental factor for their

spatial distribution and that they showed a dense distribution in high-altitude forest regions such as Gangwon

and Gyeongsanbuk provinces. The spatial distribution range and habitat characteristics predicted in the species

distribution models were sufficiently in accordance with previous studies on the species. By modeling their

distribution changes under two different climate change scenarios, we predicted that the distribution range of

the Korean clawed salamander population would decrease by 62.96% under the RCP4.5 scenario and by

98.52% under the RCP8.5 scenario, indicating a sharp reduction due to climate change. The model’s AUC value
was the highest in the present (0.837), followed by RCP4.5 (0.832) and RCP8.5 (0.807). Our study provides
a basic reference for implementing conservation plans for amphibians under climate change. Additional

research using various analysis techniques reflecting habitat characteristics and minute habitat factors for the

whole life cycle of Korean-tailed salamanders help identify major environmental factors that affect species

reduction.
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At 1009 SoF A9 A 2= 1T 7o) AR
i, A FAE A7 S A 21009 = A5
O] Fat2e= A tiH] AKX 0.8~3.5T Zsste] FAE
o o el 47149l 718 WAyl dis) sk ek
(IPCC, 1990 and 2007, 2014; UNEP, 1997; Kim et al.,
2016). of2igt 7|3 H3h= T AE0 AARS} AAlTS
&, 2WA7u, AgETepy Bz 9jge] Hu gt}
(Pounds et al., 1999; Moritz et al., 2008; Pimm, 2008).
£3], the Bzl vl8) AR Z1FHsl] okt
AASRE A F % 150] 918 W 25 Slae] Aol
(Sutton et al., 2015). o]& WR|3}7] Y3l FAFE Ao
2 HAsk Aeje), z|efste] 2He W vkt F 232
o|& A5 3%l Qth(Penman et al., 2010; Blank
and Blaustein, 2012; Do et al., 2017; Choi et al., 2018;
Borzée et al., 2019). 7| ZH3}o]| whE FAE BIL o=

Lol Fo) A4A B4S slersha I WSR-S
Adl&ste] F B A pylo] F23 AEE AFet

(Fauth and Resetarits, 1991; Lovejoy and Hannh, 2005;
Sutton et al., 2015).

PATE TFI 2L 17 2uAE AR, 25
RO} 2 A9) EAK0] Bojglo] Bl 5 Blojx5o)

SUAA 2o fx|sto] A tFe A AR
(Gardner, 2001; Whiles et al., 2006; Cho and Sim, 2016;
Park and Cho, 2017). 3 A Aol AA A & SAF
A ke ERao R SRstel wgshA vkestr] o
ol &Eedy wehE Frishs AFFOE ol gHrt
(Carignan and Villard, 2002; Sewell and Griffiths, 2009).
tjgo] W 22 AR o) AeE] 41 AE
2 Ed(e.g A, AR o 54) A&l qolA 71+
k2 Qe g2 s W] o] A AR EE
ol At EFte= 7HHAL It Donnelly, 1998;
Carey and Alexander, 2003; Wake and Vredenburg, 2008).
£3], =g 5IK(Hynobiidac)o] 43 FE& tHE BERLE
of Hlg} R o]FHom A TEo] 3] ARIE7] wiE
of 7]>®3}o] wje- FHeFsFrH(Velo-Anton et al., 2013;
Sutton et al., 2015; Van Riemsdijk et al., 2017). Z1}2 o
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&3 TEo e R 79Il O 22
3tE A= %l% =il %”4%—%94 7| S 3} EEJr~
AEE Oil”ﬂ# U AE 7¥ssh, Uolrt A=
AE A E FAA7]AL Z‘i 9 #ejst=t S8t
A5k & 4= QJthWelsh and Hodgson, 2013; Sutton ef
al., 2015).

P A Y =
I F=h i, HAjote] EiEsh=
=34 EEoE U4HA QrhLee et al., 2011; Hong,
2017). th2 =E8=530= 8 234719 711 718 &
ZollA Bz wfZe] AghE ssHoRE Qlal 7|t
Fordt Ao m o, oA ARl =l
S o U] g S b R kel ] i et e b e el
22 AR 2 Aol AEH 0= Skl Q=
Zo|tiPark, 1994; Lee et al., 2008). 1H o= EF3}1L
A eEEe] A4 2 Aol wit ‘?i:r“‘ =
A olFolAaL glom, FA7IA] Sl A A 9s e R
ok A4 2b B4} 7| ste] whE ti‘ﬂﬂoﬂ sl A=
o7l B} glthHong, 2017). 2 A19] H242 Sufo] A
Aot e A e Eso] A4 2 JHE Fof &
3 9iel A4 B EA4S mhofstal, 7SSt e &
Y= ‘”OPEb Aolt}. o5 I8 WA, A g HA|A
5to] A A eggol ¥ AHS Fol
3 xloﬂsﬂ T MAXSH 28 FAYNE 2259
o] MBS M4 FAL skl ko %
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AR, oF 20%% FAAE FAE ] gtk FRA L
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(Figure 1). 3H9] 7|3 &4 7|32 44 Ho] F=els}
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A, %Y SRR 127 AH, FYBEAU
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S O]Q—O]-@E]{Flgure 1. 2& &% 5_/\}‘— SIS =

ARE7FE o8l =), AR 2] Z]2]3 W A
& e ®E e ol =4 A 5ol agte o] Stk

3. 21X & Xtz

SR A Y el B HYE 53] S8 Al
Z Ha= GLC 2000-4 EX|T 2 (&4 http:/forobs.jrc.
ec.europa.en)?} 1= AZ(DEM)E ©o]&3}¥ o, 7|5
4*+= Worldclim v. 1.4 (Hijmans et al., 2005)2] §#j 7|35
A& (Bt 1960~1990)9F njef 7] %A} 2(2050)E ©]&
3lE A, BE AZe] 7)== 0.019 = (2F 2 km)=E EU5HA
Do et al., 2016 and 2017). 7|THSELS A2 =2 At
HAE 7HAAL Q7] wj ol vk sAAdel it dEFe 3
A31517] Qs AAEA7F =L W4 (Pearson’s correlation
coefficients (r) > 0.8)5 EAloA A5} ch(Pradhan,
2016; Yi et al., 2016). Ay}H o2 B ALoA o]gH 7]
SHALE FHd A al(bio2), 5241(bio3), 7|29 AAA
HE(biod), oI5H Fdf iE(b105) AL b 2k
(bio6), AH 7} (b1012) =4 7}4EH(biol3), A&
A Zrwbiold) 2z F 87HA] 7| G50 o] & H

7|53 mE HAERBLE ol 55t7] 918 20144, 7]
S sbo| T3 AE 7F FJH|(IPCC, Intergovernmental
Panel on Climate Change)=25E| 52} H7} HI114(AR5)Z
1A% ¥ &= 7 =Z(RCP, Representative Concentration
Pathway)2] A|U2] @ 271 ©]&35}tH(Van Vuuren et al.,
2011; Collins e al., 2013). RCP4.5%= Tk 204097 A7
Gajo] we LAl jEero] Zhad i Al eol
™, RCP8.5% ek 210074 2AI7EA wjZo] JA) =20
2 A& Bl Ayges, & dFoA= CSIRO
(Commonwealth Scientific and Industrial Research Organization)
2} BOM(Bureau of Meteorology)2F-¥ &% <A 7]<&
W3l mdel ACCESS 1.0& o]&3tgch
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OpA
AL

z pue

A Bz 9L o|=3517] $3)] Maxent version 3.4.1S
o] g35le] & BE wdlg AAISHS cH(Phillips and Dudik,
2008). Mexent W88 3|74 7uo 2 Sl wgom
SJEH AEZ 3] HZH(Maximum entropy approach) 3|

A& A= 74 4= Qlom(Phillips ef al., 2004), EEARE
=3 OI%O}O:L Ao FHRALZE o 20] 7153 Hernandez
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et al., 2006; Wisz et al., 2008). o]&3gt oSHHL T2
o] FHF FEolAE Tl AREIL Qle ol
(e.g. Sutton et al., 2015; Milanovich et al., 2010; Borzée
et al., 2019; Jacobsen et al., 2020).
T B BU2 A essY SRS T5
2, BANSEE 1079) BN SQusE 7
bt 2219 mAES & 108]0] 27 WETE 5
o, Rz o g My ZHRR S 70%+= training >
2 30%+= testing© 2 BESIA|F T, FEO QFE 714X
7] 13l 2o REE G2 5,000%] 2 HAASHTHDo et al,
2016 and 2017; Yun et al., 2020). =& AHHo] HEL
ROC (Receiver Operating Characteristics) 52 53
X9 sHEHA 7kl AUC (Area Under the Curve)
Fto] AAISHLE. PEE A4 o] Z2IYE of
AFSONE Bele] 4318 Brlel] S8l AUC 252
ol g5t St R ATAel WAel F7leh e
wele] 2700 wt ohg UASA FAL Wwe 4 oot
(Lobo et al., 2008; Phillips and Dudik, 2008; Phillips et
al., 2009). ofe]] thgt tiete e WHl F iz mulof] yhAE
AgsolAs AUC 3 ol9lole exba5 o7 AlAlstaL
Qlth(Lee et al., 2014; Do et al., 2016 and 2018). wa}A]
H AFo A= AUCEE But oz} 10% Training presence
oA e 228 3Helsls thJiménez-Valverde et al.,
2012). =R eEael Exo Fad JFS 7%
Zl7te] BMSEe] 7|0l w Mol d|2E Jackknife
test) S EoF Hat 7] 9&(Average percent contribution)o]
ojsf AA= S}t 28 & £E 2952 DIVA-GIS 7.5
(Hijmans et al., 2012)E F3) 12 &PASE A4 A3 A4,
< S A4 E7bs Aoz EEHUCH, 10%
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Figure 1. The topographic map of South Korea. Red points
represent the occurrence of the Korean clawed
salamander (O. koreanus).

Training presence?] SHAIZLS 7|& 02 o]E A (AUl
3ich FHAEE AYASHATHDo ef al, 2016 and 2017; Yun
et al., 2020).
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ekl Mastal 9l F=me| A o] Wik
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Figure 2. (A) Kernel density plot of the occurrence of the Korean clawed salamander (O. koreanus) according to the
altitude of South Korea. (B) Bar graph of the occurrence of the Korean clawed salamander (O. koreanus)

according to three habitat types in South Korea.
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Table 1. The summary of species distribution models for Korean clawed salamander (O. koreanus) using the Maxent

modelling
Scenarios Present RCP4.5 RCP8.5 Average
Training AUC 0.847 0.857 0.860 0.857
Test AUC 0.837 0.832 0.807 0.821
Logistic threshold” 0.233 0.307 0.227 0.264
Training omission” 0.099 0.099 0.099 0.099
Test omission” 0.068 0.137 0.110 0.129

*10 percentile training presence

35.00

Percent contribution (%)
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Environmental variable

Figure 3. The bar graph of average percentage contribution of each variable in the 10 Maximum Entropy model for
Korean clawed salamander (O. koreanus) in the South Korea.

2 ghato] FAE Al 1x H9(169.00m(1st-3rd
quartiles: 64.00-341.00m)) 2T} =2 1% H2|(526.00m
327.25-684.00m))ol| HEZ3}cHFigure 1A;
2A). = m P A Y eggo] 71 Wol ¥ EX| iR
o] MAA= AA-H(T1.38%) o2 SRIHQ, o=
FAR(22.90%), AAA(5.72%) w=o®  FAEHUT
(Figure 2B).

(quartiles:

27O<E EEII

Maxent 2 &2 o] 83 st n g XY =252 AUC 3
2 A 7154 0.837=2 LEFFEAL, RCP4.5 2 RCP8.5
ALte] @ ol A Z42F 0.8329} 0.8075 UFERFTHTable 1. €
2AE MEO] 10% training 2 F35-2 &4 7152} RCP4.5,
RCP8.5 A|UtE| Qof|A] B 0.099% e © F7HS el
tH(Table. 1). g e] x| eg50] w0l 7]ofgt 8 2

AP Aol HIAEE Fa Bk 7HY =4
7104 3l FAHE TE(30.76%) G0, theo g EX|1]
H5(23.66%), o123 o2 %(BIOS; 10.89%) 4=0]%ich
(Figure 3).
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Figure 4. The spatial prediction of the Korean clawed
salamander (O. koreanus) distribution in South
Korea. Different colors represent degrees of the
occurrence probabilities of the Korean clawed
salamander.

HAaT AoZ o ZE ¢ ti(Table 2).

H 2SR A3 RCPAS AL] 20X =
FUEe} FAHBEA G| 2 BEG Aoz o =Ee
o], RCP8.5 AJU2] o)X= U=t A4 #7] 2199
=93] F2 HeloATt B2d lor oS EHGItKFigure 5).
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< 7191=E UER: A=A e el 3
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o] =& ko A&t d#A rkSong and Lee,
2009; Hong, 2017). 20|, £33 A& gfAlaz}
ARt I o] Aker) 22 4}1] o] ”‘é‘ﬂoi A
lom, MAR| BA Aup £33t o HE A ES 90% o)A;

Table 2. Predicted spatial information of the Korean clawed salamander (O. koreanus) distribution under the current and two future

(RCP4.5 and RCP8.5) climatic conditions. Cell numbers represent their distribution ranges (with 2.5 arc-min unit per cell)

Cell numbers Cell numbers

Cell numbers

Percentage of Percentage of change

Species (Present) (RCP4.5) (RCPS8.5) change (RCP4.5) (RCPS8.5)
O. koreanus 6288 2329 93 -62.9612 -98.521
A Nl (B N | (C N
3
s 8 @ S z s ' PN
Kilometer o Kilometer o Kilometer ©o
¥ ). koreanus _:I 4 . Koreanus I'¢ ;. ). koreanus
0 200 O W ok 0 200 Q W ok 200 W ok

Figure 5. Changes in spatial distribution of the Korean clawed salamander (O. koreanus) in South Korea following
current(A), RCP4.5(B) and RCP8.5(C) scenario. Red cells represent stable distribution ranges.
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o] Yol Felsel 2 ArRX o] Hmsha Y.
Seetol A4S BRme e eeEe FUwet 4
A, AepdE, SAEE EEgitta o
A e o] BRIE Aoke A WAl A
¢t AAEERE dHA QoHKim, 2009; Jang and Suh,
2010). ARH o R LM A RS £ 1w A
x|2o] eiAa AR apH Fulo] Aaletul, Aaker)
2L Pt S22 Ao HagtkLee ef al.,
2011). g&o] the EFsskitt d=ne 2y =gy 4
Al 2o 7123t 28 HEste, AL AhaTeol
AR #& A oA AR wizol 154l Avt
A= 34 X202 2 A I th(Manenti et al.,
2009; Hong, 2017). g4 02 B o)A dj=® sham
A E Egse 37He Bx Heel £ FFS 73
70 FHRUE TE WelSH ANA Mee 2 MY
TEOIH S Rme A g o] Aeel Aesh
EAES AAEA ukgstal 2tk Manenti et al., 2009;
Lee et al., 2011; Hong, 2017).
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=
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715 ek Qle) =g alHynobiidae)ol 43 e %
SO BEL 443 A0R Ui gon, 3], e
e e AT Yol e 718 B AeA &
e 7 BE FES 71 2usto) ule Horsirta o

#H A QtiMilanovich et al., 2010; Sutton et al., 2015;
Jacobsen et al., 2020). o|& 9], 850m ©JAt9] =& 1%
F7bo] F2 A AlSH= Cow knob salamander (Plethodon
punctatus)= I 7|23 w2 HFEE ATc= YA 5
A& 7HAAL QA 71 S ASERE Akt 73 At
FFo = Qs AR &2z flo] Bls RCP 8.5 Alute]29
A 20501 0] = 88.7%, 21000l = 100.0%2] A4]%]7} 7+
A8 A0 7 o &5|¢ltiJacobsen et al., 2020). T3t U
of A& 291 o|7|=E3(Karsenia koreana)S 296m(1st-
3rd quartiles: 189-347m)9] H|n 4] =2 1% JL7kof| B3
stol, 7120] Vi, 23k Are1e) A2 ol Ak A4kt
3 4 A QItHDo ef al., 2018; Jung et al., 2019). ©]7|%=
T 7| FHStE Qe AA w2 §9lof Hlg RCP 8.5
AltkE] 204 2070 0]= 18.0%F A|Qgt A A2 At &
7ro] &= Al Ao &2 o|&E] i thBorzée et al., 2019).
2 Aol A R A = E e 7] 2dEt AsiE
42 RCP 4.59} RCP 8.5 AU oA ZH 62.96%2}
98.52%= A4 7Hsdt thEE9] Fxto] AlRHE Z o2 4
ZE Q) URbH o7 g2 7| RIste] 7HEEkR 2|44
O 8 70| AstaL, o] Mt Zo® A 9l
CHJeung, 2019). weba] 7|22 5ol 7122 2
2 7|3} 28 ASskeE SR EeEe gt
Az RAAR kS 71 7rsAdol & A or s

(Manenti et al., 2009). 2340 2 7|3 H3lof| FoFslclar
AR Aol A4S e EEsE PR IA| 2
e A e E3F 7| sk Qs A4 gk 31t
o] gt A= ERIE

2 AtoMe & B mdE Agsto] dAxfet 7| ¢Rst
of & nlefo I A EFgol A4 7Rt A=
= d&seleh 1oy 2 A At v 22 2Y
AE 7HAAL Qitk WA, WA 2 AL mE
KA B0 AUstA WG E A XRTh ol & =
22| =g e WA Asket e FE A2 A
Ao FEEA| g AAEte R AR 2ARE Fal gl
7] o A E0] v 2T Ao r wrtEn, £
Aof| o]-§F AAA| Ao Ak o2t FHEE WY E A
WSt tho® 7]51s) o] Qo= thefRt adlsol 53
202 S me] Y s AT el Y 71
T Utk A& 501 A5HY & AR UV-B HAp4lo]
Z7keto] AR e Bk opyet AEA AHa AE
gl Aot 22 theket 21 Fall HAlTE fAlo] F A
J3FS u|& 4 ¢)th(Blaustein and Kiesecker, 2002). =,
|53} o] 2joft= A} Aol A A 4= Qle Tkl
4R aQlEs WshA] Xote dAMEE 7HAAL ok
(Pearson and Dawson, 2003; D'Amen et al., 2011). &%
Maxent T2 o]QJo|x= t}ofst EA7]H(e.g. Non-
parametric multiplicative regression Model (NPMR))S &
3 QR A s RE d3d H1siE nEe o
H5k= A 993 o7 #oEn(Allen and Memullin,
2019), =) XY =352 AgAte] TE A2 54
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