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Abstract

For the last 10 years, studies of the decrease and extinction of amphibians under the influence
of climatic change have been conducted around the world. This study used Maximum Entropy
(MaxEnt) modeling of 16 species of amphibians to predict their distribution tendency to be
changed with climate change and check its applicability. Using the distribution of amphibians in
the data of the 3rd Korean Nationwide Survey on Natural Environments and seven climate
variables of the present and future, this study checked their distribution at this point in time and
that in the future (2050 and 2070). The range of the average AUC of the 16 species extracted
as a result of analysis was 0.555 to 0.991. As compared to the 2014 Projection, it was predicted
that the distribution of amphibians in the 2050 Projection and 2070 Projection would decrease,
and because of the climate variables of Temp 4 and Prcp 17, it was predicted that the
distribution would increase more in the 2070 Projection than 2050 Projection. For three species
with high decreasing tendency (Hynobius leechii, Rana rugosa and Bombina oritalis) out of 14
species, it is judged that there was an influence of climate on the adaptability of the distributed
species, while it is judged that the increase of two species resulted from not using the habitat
variable. In addition, of the seven climate variables that contributed to the change in the
distribution of 16 species of amphibians, mostly, temperature-related variables had influences.
There had been prediction results that the northeast area might be suitable for most species,
while this study did not use various different environmental variables other than climate variables,
and it has a short research period and limitation that did not consider various variables such as
secondary risk factors, the transition of vegetation, natural disturbances and the adaptation of
organisms. Therefore, for the preservation and promotion of amphibians according to climatic

change in South Korea, it is necessary to monitor them systematically in the long-term.
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H 109 B¢ AT F Y A IOl dE AFe AA A JFEHI o
(e.g. Alford and Richards, 1999; Houlahan et al., 2000), A7l A3t Qe FAF
MATES TS AAEE A3 40%0]d°] FAsHA FF4star ltHCorey and Waite
2008). o]&3t A2 UAde A2]x w3 e} whhabitat destruction and perturbation), 7%
(overexploitation), &4 (pollution), 43 Ae] Ar&(pesticide use), =9 F(introduced species),
=719 9] A (increased ultraviolet-B radiation(UV-B)), 2 (disease) # 7]¥®¥ 3} (climate
change)e] Q8JAEZ Jdd Yelvz otz A= JdokBlaustein and Wake 1990;
Houlahan et al. 2000; Blaustein and Kiesecker 2001; Parmesan 2006; Whitfield et al. 2007).
Z]ZWsto] e 7ML g dFEs T Aol dFH JAoHAlford and
Richards, 1999; Gibbons et al.,, 2000; Kiesecker et al.,, 2001; Carey and Alexander, 2003;
Collins and Storfer, 2003; Corn, 2005). ¥AFel #AA7F 7|FHEE s MY = 7H 9
AL ATT Ao mE FxHE <l f E(spatial scales)®] ¥MFEo] F3FS vx|7] o
o] tHAraujo, et al, 2006). & S0 2= FE9 W3 o WS YAFE HAS
Axoly o ® olFstH, MAAT|E AM wekA dojdrh E=ZF i REe 20 F
AE, T ALY g AFS Fstr] {5l Bl EFA7IE Bt webs 7] $ RSt
o FoE A3 7H} Ao WHile o A FFES HAE T8I 847 H
H, dAF Fo THA9 WFo F¢FS = 4 AtHPounds and Crump, 1994; Terhivuo,
1988; Beebee, 1995; Blaustein et al., 2001; Tryjanowski et al., 2003).
71ZHstE EAXHo| opd A A7 RN BAStE ALCE, AFo mt FAF
FTEANA HAE FFE vl ot FHOoE vErdtHAraujo, et al, 2006). 7] 3}
FFo = 1960 dod A 2005 7FA] oF 10083 A MA BH7]-2 0.74C Fs3tA 1912
oA 20087t $HHF=o] AFH7| 2L 1.7CHFsIA AlA HHE7| 2 A5 Zo nl3|
14187F = Sk =e] A$-, &% 100W & A A YQ 7| FE= 4T, I3 YWHEA YL 3.8C
7V Assta, AagFs o 1% S71s8tH, F2 7|30 & Aol ko] wobd A
olgtal d &3ty At EA, 2012, 24, AHA, 2013). g 7] T3 o Zo] HAAE
245 Hto] obd 2xkA <l K@ asi(d; AW HAIEolgFEol), A9
A8l AT T2 a4 EFo AL 5+ AHGibbons, et al., 2000). wetAl 7]
sl ME YAF T EXY o= o 9 Bk Ui AFELS FUHT 9
tH(Gibbons, et al., 2000; Araujo, et al., 2006).
71T AT MAT Faet BFol FFE vEH A ot X 4
de Z2I98 ol g3t AFHI Jlow, Fo AAXRE Thed ZHA)
2 BXE A 33HPhillips et al., 2006). ©]% Maxent =& S 374
R¥or HY dE=Zy HIFHMaximum entropy approach)O.z & o=
A tHPhillips et al., 2004). 22y IFHolA = oflsES EXAFe; A4 HE
ZA87F A3 Maxent ¥ (Maximum Entropy Modeling)9] & &AF9} F2 ofAll&
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B AT 2He A 3% AABFEA] TFY FAFY BE AEE ]3] Mexent
P2 TEAA /FAs] Wk Tl 445D dE FAR B4 FAH LA 7
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7] $13) A=k,
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<2¥ 1> Map of study site in Republic of Korea.

LE FAs7] g8l FYBAALANA A FeHe
Al 33 AZAARA 2AE FIetel GAF Boke] FHE FEAATE A 33 AIFAAY
A2 A4S 20065-E 20123 7F= R AE7Ieo] A=S desE AR B
M2 Z2AAG EA5HE & AT F Aok F Y ZAAY WAL Ix4ki=E, A
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s} tHPhillips and Dudik, 2008). 1% 7] wjzoll dA74A B2 FE3 49 22 2 o]
|5 At B dAFedAs Al 3 AmAd@d AN FE2E T 2 AR SEHAA
< TEHFE o] &S, JIFHEFE SHHESTE o &sts A AAHA HAEE B
< TEsHen, dAAH 2 vAHe] Z|FHFE dYste 153 wETES A
Aol dAek mje] AAA FEE dSFsiAn. 2d d9He HAF2 ROC (Receiver

2 =

operating characteristics) A5<& &3 =49 sFHAA kel AUC (Area under the curve)
#Hs Tt AAst. 449

5 sl AFe A™™E s FAsE ™. 0.90-1.00 (excellent), 0.90-0.80 (good), 0.70-0.80
(fair), 0.60-0.70 (poor), 0.50-0.60 (fail).

2.3 @A 71F Ay e

Ao 7ZHFe] TS s Worldclim (http://www.worldclim.com/current) ol A A &3} aL
AE FAA950E ~ 20008 HFFR)NFAFE L3P 7|FARE B AT 25
arc-minutes resolution (¢F 4,5Kme] AAALNZE b 2ALHE F 19719 Biocim¥H & F
A3 AFEd wzt G Fo Ael A e SHecophysiologicaDoll 2gHelk 7)o 7| EHSE
A3t A tHCaldwell 1987; HutchisonandDupré 1992; Duellman 1999). 770¢] Bioclim¥ 4+ 7]&
o] AMA WME(FEZHA * 100) (Tempd), 714 Wm=3k Do A &= (Temps), 714 F&
719l HH7]L (Templl), 7] AAdA HE(HF A5 (Prepld), 7HE 53 719 7
& (Prcpl6), 7Hd A=xg ®719 A5 Prepln), 7H¢ =3t #7129 7F4F(Prepld)
gstar JTHGEE D).

2

¢

C.

A
o

<& 1> Description of Climate variables used in the models.

Acronym Climate variables and descriptions Range
Temp4 Temperature seasonality (standard deviation * 100) 706.2-1042.6
Tempb (T) Maximum temperature of warmest month 21.4-31.0
Templl (TC) Mean temperature of coldest quarter -8.5-6.7
Prcpl5 (mm) Precipitation seasonality 23-105
Prcpl6 (mm) Precipitation of wettest quarter 381-964
Prcepl7 (mm) Precipitation of driest quarter 59-256
Prcpl8 (mm) Precipitation of the warmest quarter 376-964

2.4 " 71F Ay L

=)

Y 71EHFo =S 98] Worldclim (http://www.worldclim.com/cmip5_2.5m)oll A A 33}
A= 70509 20419 ~ 2060 Hgk 2070 - 2061 ~ 2080 HH RN FAE
gg3dt. 713xsE dA4 713 AUy A9 FII A7) 25 arc-minutes
resolution(¢f 4.5Kme] AAA)E th ~ALHE 7719 BiocimAG5E FE3AUTH 2 7]
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279 -, CCSM4 (Community Climate System Model Version 4)oll 3% RCP 4.5 Al
Uel & o] &3tk CCSM4 o A-¢-, vtz 715 md= fi7]et this, i 845 At
olof Wislsl= SFH HHY HARE TSI o, tdd Foko Aol AHEEHI
o (Cent, at al. 2011), RCP 4.5 AU+ 247t~ A7 o] 4ds] Ads= A=
2 AAo] AdETHA 21M7] E7tA 34C 712453 17.3% A5 7 Aolgta 4
Asla JTH7]1 42 2012).

&1’

l

olN

2.5 SAEY

71%¥ st Al e EP% A, 2050, 20700l oSH FAF EE WSt zolE 7
7 golry] 8 Bl A< Mann-Whirney U testE o] &3tom, 7714 7|54
of A#AAE EX37] ¥l Spearman rank correlationg ©]83ATh FAA B4 &
A= 2139 Statistical Package for the Social Sciences (SPSS, Ver 18.0)2 AF-&3}3ith.

3. A3
A 3AF A=AARH 2A AR WEH F 7785708 AR oA AFE I FAF

16% & 71 2e YA Azg & 1Tr‘— M Tel(Rana nigromaculata) = 3680712 A
Aol BAZHUL, HNFE(Hyla japonica)= 328941, BRI T2l (Rana dybowski)=
2573719 o2 FA #ZEHJAT. WA VI AL A YoM AHH FAFE ol ETFE
(Karsenia koreana)®.2 107]2] A oA AR=Ja, S/ T8l(Rana plancyi choseniad):= 20
M RS, AF=2%(Hynobius quelpaertensis)S- 587] A oz HA HAHJHE 2).

<& 2> Korean amphibian species include in this study and the number of collection sites
used for Maxent modelling, excluding Ko-ri salamander (Hymobius yangl) and Suweon-tree
frog (Hyla suweonensis).

Order Family Species Site (n)
Caudata Hynobiidea Hynobius leechii 2498
Caudata Hynobiidea Hynobius quelpaertensis 58
Caudata Hynobiidea Onychodactylus fischeri 205
Caudata Plethodontidae Karsenia koreana 10
Salientia Bombinatoridae Bombina oritalis 2254
Salientia Bufonidae Bufo gargarizans 1131
Salientia Bufonidae Bufo stejnegeri 195
Salientia Hylidae Hyla japonica 3289
Salientia Microhylidae Kaloula borealis 80
Salientia Ranidae Rana coreana 1238
Salientia Ranidae Rana dybowskii 2573
Salientia Ranidae Rana huanrenensis 705
Salientia Ranidae Rana nigromaculata 3680
Salientia Ranidae Rana plancyi chosenia 20
Salientia Ranidae Rana rugosa 1342
Salientia Ranidae Rana catesberana 1350
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GAF 162 2o AIAL JUeldle= AUCE W= 0.553 oA 0.992 ojgow,
Excellent ¥9lol] &3igles 22 1%, Goode 5%, Fair& 1=, Poord 5%, Falle 4%o] &

3 AATHE 3).
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<a1¥ 2> 16 Korean amphibian species occupy predicted region as climate change,
modelled using three climate change prediction, calculated by intersecting predicted species
presence for each climate change model with predicted species presence under current
climate conditions.

T4k AR 16 Fol AASt= dF 7hedk A9 2014 projection® 2050 projection,
2070 projection®] 7%, Z+zZt W 42682kd, 19457kii, 20514kiE 2014 projectione] H]3)
2050 projection®} 2070 projection®] ztA|Eh= Aol H& Folgta o ZHS o, 2050
projection®t} 2070 projectionell X ¥AFo 27} SV 2 Aolgal dFeHH. 5%
Zkzke] projectione] A= AHL BAHOZ {olg Aolrb UERSTH2014:2050
U=39.000 ,df=1 ,P<0.05, 2014:2070 ; U=25.000 ,df=1 ,P<0.001, 2050:2070 ; U=61.000 ,df=1 ,P
<0.05, 138 2).
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<2¥ 3> Projected changes in area (percentage of area gained or lost) per species
comparing current climate conditions with fure climate change conditions.

2014 projectionel ™iH]3led 2050 projection # 2070 projection] 7]3% W3}ol| ulg} EX7}
ZHad Aolgtal =8 A FE F 14F0] L, 2050 projectionol A 50%01 4 7Ha °
g =" F& F 11%, 2070 projectiono| Al 50%°]4 ZrAa=E Zolgta o= —
105 o)t} Z+zte] Fol uhgl 2014 projectionol] thH|ste] mlgje] BEx A4S 313 2
2050 projection| A= S/ F8l(Rana rugosa?} -84%, =%-5(Hynobius leechi)o] -78%. F
SN T-2l(Bombina oritalid7t -15%wO.2 =A 748 o™, 2070 projectiono| A= F 370
T2 (Bombina oritalid7}t -89%, 27\ T-2l(Rana rugosa)7} -88%, =%%(Hynobius leechi)o)
-86%& 0 2 iﬂ] ZrAasknt ¥k 2014 projectiono] thRlsle] F71EE UAFE Ranad:
o &A= 2F 22, 2050 projectiono A= =707 8l(Rana plancyi chosenia)7} 92%, 327
T2l(Rana catesba’ana)ﬂ 88% <o & ZF7lsl o™, 2070 projectionoll= 47| T8](Rana
catesbeiana)7t 95%, =W 8l(Rana plancyi chosenia)7} 86% = <718 Zolgta o ZFH Ao
(1% 3.

8}

32. AT B2 74T TS

AT 16T FEZRSo 7Ag 71 7IFHST F Tempd®HF7F 33.4+£84%=E 7HE =
A Jelgon, 202 =4 793 HEE TempllZ 24.6+6.2%, Tempds= 20.4+5.1% =
o2 A4 7oA 4).
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<2¥ 4> Contributed climate variables as climate changes for Korean amphibian 16
species.

Zzyel FoAl 7193 71 FHsE FAsr] 9l 22 VI EE UEd Hg 271E

Atk A WMARZ =4 7193 7]$HFE Tempbol 784 71 &2 7I9EE UET,
Templle] 6%, TempdZ} 2%, Prcpl8e] 154 7143t x, ¥ WHAZ =4 714
Ho = Tempd”t 6, Templle]l 5%, Temp57F 3%, Prcpl8 # Prcpl7e] zHzb 1%l
719 =5 YERITHE 3.

o

{E& 3> Predictions of 16 Korean amphibian species using the Maxent Model and evaluation
of the Contributed climate variable.

. AUC Contributed climate variable
Species Value Estimate 18t grd
Hynobius leechii 0.589 Fail Tempb Temp4
Hynobius quelpaertensis 0.992 Excellent Templl Temp4
Onychodactylus fischeri 0.840 Good Tempb Templl
Karsenia koreana 0.637 Poor Tempb Templl
Bombpina oritalis 0.649 Poor Temp4 Prcpl8
Bufo gargarizans 0.639 Poor Temp4 Templl
Bufo stejnegeri 0.877 Good Templl Temp5b
Hyla japonica 0.553 Fail Templl Temp5
Kaloula borealis 0.803 Good Templl Tempb
Rana coreana 0.668 Poor Tempb Temp4
Rana dybowskii 0.584 Fail Templl Temp4
Rana huanrenensis 0.796 Fair Templl Temp4
Rana nigromaculata 0.561 Falil Tempb Prcpl7
Rana plancyi chosenia 0.842 Good Tempb Temp4
Rana rugosa 0.639 Poor Tempb Templl
Rana catesbeiana 0.814 Good Prcpl8 Templl
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el 7[EReE 259 #dd We9oer, Templl 3% Temp59]
UEFA THr=0.60, P<0.0D. ¥+ Tempd ¢ Temp5e] A#AAAE L9
UEFA 3(r=-0.09, P<0.01), Tempd <} Templl =3+ L-o)#AA 7} VEFFTHr=-0.81,

{& 4> Spearman rank correlation coefficients between 7 Climate variables.

Climat: T 1
1r.nae Temp4  Tempb emp Prcpld Prcpl6  Prepl7  Prcpl8
Variable 1
Temp4
Temp5 -0.09™
Templ .
-0.81 0.60
1
Prcpl5 0.93™ -0.03" -0.71"
Prcpl6é -0.42" -0.31" -0.53" 0.51"
Prcpl7 -0.67" -0.227 0.34" —Q:7 97 L= 0:80%
Prcpl8 0.517 -0.27"  -0.58" 0.58™ 0.97" =0 5eg

* 1 P<0.05, =% : P<0.01
33 7|¥FHge W F X Wik

2014 projection®l Hl&| A" BEZFITFS YeEH 2050projectiond 2070 projectione] A
F T F9TY BY, EEELE T2 FXT AOE dAFHACH 159 A 5F, 1
T2 ME, 3F5e EqFSA aste 4EFS JeRWTh 2014 projectionel] HlE] FU1EH &

A Bl 2% AT, 159 A EEFoE FUheke AFS BHAL, 152 AARFS

X i
2 Z7}st= A dko] UebgtHAppendix 2).

4, 1F

2 AFE Fudd At e FAF 1659 dA A Exade] Ay F )3
Wt Qs Wstd EXAEFY o Fol gk A ErsdS Flstr] S8 77HA S Tl sHs
E ol &3t dAo HAHRI MAEE BRFEES FHeF o, dAAEL B HHAHE
o] 7|1ZWHSE dYsty v AAR BEXE At B4 o] 8H F 165 F AUC
2] W71 Excellento] &3l = F& 1%, Good2 5%, Faire 1%, Poor2 5%, Faile 4
FTOoE, AAAHCE & AWYS YA XSt tiFEe] AFoAE 7IFHTFE Z
e AR Al Rt AAE, b AL AgEs ol &3 tgd HEEE o83t
FalS o] &3t JATHel T, A4, 2010, 97, 229, 2012), Al 3x AASH Ak
o A5, MAe A AHE AT F 7] Wil FTEE RFE L5t HAE
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UERthaL o =t

=2k %UH:T 16 Fol AdE A= 7153 A 2014 projectiono] HIE] 2050
projection®] 7%, 2.1v] Zradha o= oH, 2070 projectione] 7%, 2.2v] Zag)
i A5 ‘RiE‘r. _1.1} Z+7k o] projectiondl] A EH= A Ao wEl 23k zpo]rt UERGOH,
2050 projectionell ®]3] 2070 projection®] A= WA F2 HAHJ A Ho] FI}ATE
o] 3 olf& BIE 20500l wls) 20703 =9 b w3 2o HeErt F71E A,
7128 A WEo] FHastH, M Axe £719 Aol Stk r] wWiolgta o

HHAppendix 1). =14t FAF 16F 5 71 FHsto] wg} BExXYo] 7 go] THad F
< 2050 projection® 2070 projectiono A /N7, F@/TE, EF 5ot d =3t
(e}

At ol# T olfr= A 7152 5" 3Fe E2x V|FE A Fo| AE HSA0] ¥
o] FAta oHT. 2014 projectione] EEZ o= 2 HS <l =
FRulero 7 Uz L£ydlgEo g EZo FE BRI 9o
31 94 @rhy oS UtHAppendix 2. YWHHOE FulEe]l HENT YE FEM
AZol B e 78S /M, J1Eustel ta FNE AAAGe 7)o 2
AZst: UTHIIAA, 2012). web] A% REdn Jd FES F
= ZEHT A9 Zo] AQAW FZEAur B¥xdly QU 5L 8lunAd A9

al

S 2 =
A BAHATT AHET 2g £ Fo AUCE B 1Ee &7 FEl7t Poor, 3
2 ]

A

B A T

7} Poor, E%-%°] Fall 2 & A8E< 7H & gl7] wlio Aol & oo 5
T ¥ty #AgdEo. wd FlFEe FaAFEE F7HE solgta A&t T
AZo AUCHS S/7elet 47078 BF Good o2 & A9y S 7H3AR, B A
AdE 71 5HeS o] 83 AT 2 ‘%_‘r%‘:} ATFE Y A5, ARAGRG F2 FA
A = AFA AAeta glon, 19709 $5t setuls 9 Foko] Ago = I A
F7F 543 ZASIETHAAIG, 2001; o] dE, 2004). ¥RE oiUegt ATl HY, F2

AR e sk, ZF TR /‘1"‘0}"’ ReoH, Hx Tl =Y F FHo=E WA HAS W
MAF7E S5AAT A= G 24xY S 2 s A7} °P7é§} = ATHA
Az, 2005). wekAl 7]% WG ol E A A 2|9 W, %ﬂrﬁﬂi%‘iﬂr °71
T, ZAAY EXE A F %U}‘ﬁ ‘3 A3 5=
FAF 1650 Fxgad 7
(Temp 5), 7F&FE719 B % TES
7 =4 HEseH, diRE 71%3’4 #ddE HEEo] 52 IS U]’é A olgkal =3
o d¥tzo® 7|FREE Qg 7| Ay Wsbyl AR NATY 553 FAE
7}@%@% ATFE gekstA o] Fo]x 1 JAtHGibbons et al., 2000; Corn, 2005; Araujo, et
, 2006). A& E°] vl= AR Z2gE 7 AR AATY 4% FhE 7Y B,
7&%%%-"4 Halol Aol thPounds et al, 1999). o5 7|52 A, Aol A3}
I e FAF MATY AEA dE olFd & FFES U]ZJE}(Walther et al 2002). o
FEo 2tiA Y AA3sta e FAFY A F ALY o < J3st7] 9l
H Z3A 715 BUlH, AlEe wisle wa} iASFs rh mebA 7]—°~«l “i—?: FAF
Z9 A "Fo TS & 4 AtHPounds and Crump, 1994; Terhivuo, 1988; Beebee,
1995; Blaustein et al., 2001; Tryjanowski et al., 2003). L27] wjFol| £ AFAA= 7]
st 71EHF7 FAFY BELGLY & 9L vty dgdn
2014 projectionell tivls] #AAH EXAFFES JERHA 2050projection # 2070 projectione]
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FAF UF F ORE TS GAZS ¥V} 20|51 F2 BEEd BX® 4%L U
EF ATt o8 g olfre= A 1FG Bl GAZHEG HlwE 7]2o] vr] ujio|tal
o "ok B AT ¥d A3V et FRAYGA ALY 7SSl mE AR &
Zd S gk ATl mER, 2050 FAFO Aol AT A G FAZA A FolEU
3 BEEAYANE FUtete A4S UEHT ol8d olfre= FHoiwlErte] Axd 7%t
s34 YAz HagFe F9r] wFoletn FstgtHAraujo, et al., 2006). Fwk ofug}
o] 71 ZH3} HokFl WHEole B ANFEE YO E AXEXE 453 APATF

Axgoz A% B4 59| BAS
ga pesn.

B A7 Avte oot 2o @AHE /AT ek AA A7l A9 Maxent =¥
A AHARS BAEE JFHE, e BAE 7 mYe FEHHL v
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Appendix 1. Climate of present and future in Rcp 4.5 of CCSM4 (Community Climate
System Model Version 4).

Temp4 Temp5  Temp11 Prcp15 Prcp16 Prcp17 Prcp18

Q) Q) (mm) (mm) (mm) (mm)
2014
Brojection 9299 28.60 111 76.77 711.83 10004  698.11
2050 930.62 3043 0.77 76.43 742.64 98.38 72157
Projection ) ’ ’ ’ ' ) '
2070 927.19 30.54 114 80.04 811.99 10346 79342
Projection ) ' ] ] ) ) '

Appendix 2. Distribution of 16 Korean amphibian species as climate changes used for
Maxent modelling.
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