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Abstract

Climate change is considered as the main reason that can cause the change of biological groups. However,
previous studies mainly focused on the effects of climate change on plants and large vertebrates. Amphibians are
poikilothermic, which are important taxa in vertebrates. Because of their special life history traits, they cannot
adapt to changes in temperature and precipitation through physiologic adjustment, and thus can be easily affected
by climate change. There has been about 1/3 (32%) amphibian populations declined, even under the threats of
extinction all over the world until 2016. Moreover, previous study indicated that among all the amphibian species in
China, there are 1 extinct species, 1 extinct species in the region scale, and 176 threatened species, accounting for
43% of the total studied species. Unfortunately, studies on the effects of climate change on the distribution patterns
of amphibian species are still relative rare. Chinese giant salamander (4ndrias davidianus) is a endemic species in
China. It is also one of the key protected species in China (group Il) and the critically endangered species in the IUCN
list, which can be considered as the representative amphibian species in China. Exploring the responses of amphibian
species, especially the Chinese giant salamander, on climate change, can help us to understand the climate change
vulnerability of amphibian species in China, to predict the change of Chinese giant salamander’s distribution
patterns, and to provide strategies to protect amphibian species.

The present study firstly assessed the climate change vulnerability of 104 amphibian species in China based on
guestionnaires. Using Chinese giant salamander as the model species, we then explored the effects of climate
change on the distribution patterns of this species by using the MAXENT models. Specifically, we calculated the
contribution of each climate factor to species distribution, and quantified the change of climate niche in 2050 and
2070. Finally, protection strategies were provided based on ecology and conservation biology theories.

Our results indicate that the studied 104 amphibian species in China can be strongly affected by climate change,
including 47.12% high vulnerability, 36.53% medium vulnerability and 16.35% low vulnerability species, respectively.
The suitable distribution regions of Chinese giant salamander locate in Qinling-Daba Mountains, Nanling Mountains,
the middle and lower reaches of the Yangtze River Plain, and Wuyi Mountain, etc. However, habitat area of these
places will be decreased in the future, while some regions of Qinghai Province and Neimenggu Province can
provide suitable climate conditions for Chinese giant salamander populations because of climate change. It can be
recognized that the suitable habitats of this species will present a northward trend, and Qinling-Daba Mountains
could be the bridge that connect the northern and southern habitats. Moreover, our results show that Annual Mean
Temperature, Max Temperature of Warmest Month, Precipitation of Wettest Quarter, Min Temperature of Coldest
Month, and Precipitation of Driest Quarter are the first five climate factors that affect the distribution of Chinese
giant salamander populations. While Mean Temperature of Wettest Quarter, Precipitation of Wettest Month, Mean
Temperature of Warmest Quarter, Precipitation Seasonality, and Annual Precipitation are the last five climate factors
that contribute little to the distribution of Chinese giant salamander populations. Further, 26% climate niche of this
species will be modified until 2050, and this number will be increased to 34% in 2070.

Therefore, we suggested that the comprehensive surveys should be conducted to accurately investigate the
distribution area of Chinese giant salamander populations in China. Updated data can increase the accuracy
of Species Distribution Model and provide information to habitat protection, construction of nature reserves,
and individual’s reintroduction. Then, we think that habitats and nature reserves will be the key work of species
protection. Core nature reserves should thus be constructed in the most suitable regions, and existed nature reserves
should be adjusted to follow the predications of the effects of climate change on habitats. Moreover, community
engagement for conservation are encouraged. Conservationists should also plan to rev up publicity with a regional
media campaign and the activities organized by WWF to increase the public awareness and the enthusiasm of
protection. Finally, reintroduction could be used to expand wild populations of Chinese giant salamander. However,
genetic background of reintroduced individuals and demographic of populations should be considered to support
high genetic diversity within populations, and longtime monitoring should be conducted to assess the effectiveness
of reintroduction efforts.
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20 g DIk, NOMF skE[EMZEEMAESRGEHEN T “ AKLx”,
NEHCN ESRE 3 5% (Elmquist et al. 2013) . [ A 1 s R8I A AL i % Je
WAE N R CL48 1 1900 4E 11 2.2 12 71 51 2014 411 39 12 (UNPD 2014) . A
RAETHES) (T, @M% IR TRERS HRMARREL (Bt
R SO, A SRR AT BRI AGEE) AR R G AR A A R
AT RFEREN (Gaston 2010) , # A M i B4 BR & M AE W S B AR 2 (1) 32 2 5
B WA R RGP YIRS AR 0485 (Chen et al. 2011) , IWFIfEA: 25 RSB
(Hoegh-Guldberg et al. 2007) , #i7 I AES RGHH SRBEERIAE (Pounds et al.
1999) %4, 1EFTAH Z B FPE HESI V)RR, PINESR AN B T H AR T S R R
I BATBEIE R R, SRTEA R, TRPIMRAENE TKRAEAS R, &
BETWETHAEESRAE) , BHZILHABMUHIFM (Wake and Vredenburg
2008) . #2016 A1k, AFBMHOEFH THIEEN KL =rz— (32%) H
WIS BRI, ELE TG K e Bl (JUCN 2016) o TAIVLE46 (2016)
Xf 408 Fit 3 [E P A 20 40 32 B DR K VP A R B R E AR Z A 1 R R4, 1R X
oK, 176 POZEIHAIR, 5 VEAL ST 43%.

A ERARAY T R EE ) — AT R AR AEAR A (Grimm et al. 2008) , BEIAH
ST BRI 5 A S ) A A LR 3R . BRI AR M B B
S B ) BRI 1A B RT (Parmesan 2007) , SFE¥4EK ¥ /N (Sheridan and
Bickford 2011) , i+ FHuX CEPRE/KAE/) 38 N ie B BB PRSP A S
IR DA FE R B R (Lowe 2012) o HESE b, ARARIILRE 3 BOFHES) ) 2 53
ARG SR IR, i, ORI FL AN ) B R R B M X RE A (Walther et all.
2002) o HIBRPRASE, H FT G L R 2R B SR AR AR X A B 0 2 A A% SR
A B RARIIREI (Liet al. 2013) o JRUEFUEAF SRIE I AT AU R A AR S RGuAE 7 o6
XA AR A PR o 7 T L )22 D 96 A 0 0 ) 0 A DX R R A2 By, FRATIATI R 7
HE— B I FORAR DT IR ZD PR AL AL (1) B (Early and Sax 2011)

KB TR, WWSI ) 2. YRS, ERARKESRE R Y
JRAC K CEFRIGIN S Re IR AN AN A R B AR ) 7 T A AR A (Alford
2011) . [AIi, FEFXFHEEA S UK YE (Grosjean 2015) , BRI SIHIHE I N & H)
Wy HL A IR BRI B AT 2B M0 FE k% (Blaustein 1994, Blaustein and Wake 1995) , H:
SATREEE Z RS A S R TRR NSRS (AAES RGNS HUIHE%. Kk,
I I8 A AR 2SR RO A B4 2% ) 43 A7 A% SR AR AR A RS2, S0 T A 5 4 53
ik Jm, FREEECEABEE 2 R VE R SR RAE, REA B TR AR TAE T R
AUERES RAMILERF
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FE ARz S %
TLHEssTE T

L1 MHESRE

R (P EZEMNY  (Fegks, 2009) . (b EPRIEIY R AR
K% (B34, 2012) M RMIA K RERE, L5 (2016) id# ;I EIL
A HNIBIY 408 Fo Hrp IR M FE R A WEE B D, R D VIR TE
HPAMBE BRI E. EASFEI T, —BRCRAE BRI E AR R
VIR AW NN /AR T XS SR IE 7= A 150 (Park et al. 2006) . % T-i%ifk
W, FRATNIRE A 82 J& Wil sh ) A & 2/ B 1 MUERIR (IR 18
IEEL 273 AN RE WiAEE. MR, WHiEES , JLi 104 MREDFE CH AR
VIR 25.62% ) BEAT I E PR A  S0% AR A i 55 VE VT A

KERFEY], WIS EVER YA E S5 158 b5 52 0 ) Aot =k 32 1k
HIE59 M (McKinney 1997, Carey and Alexander 2003, Williams et al. 2008) . [A i,
BT BRI R G S (R MIANTE ICUN 40 (0 44 3 P R 47 25 4% IUCN 2016)
B4 R FHISCHRZRL (Blaustein et al. 2001, Beebee 2002, Corn 2005, Aradjo et al. 2006,
Lips et al. 2008; ¥ &R, DHRME, 2013) FitFHAIEE S (WWF) A KE A3
Y ifess B A, FRATIEN T ORI (IR . MR, R O 2
FEPE W) A B R B SR L) 3 18 ANMEARE NI ERIME S N 7, 456
AMRFIRNEE AP ARVE AL DI S P R E 55 1 (R 1)

AMEETE, FEEY O 2R, AR B SR TR AR I BE N (P E &
PIREENY A0 (o E PR S A R (B e ) R (B4, 2009, 2012) . A
BV S R LFE PR K HE worldclim 33 FE (http://www.worldclim.org/) #2433 1
ITHIE . [RINE, T 2016 4 12 H 20 H3#id o [ERH B el A= Pt 70 B IR AT 24
W0 10 REFE IS L B R (HE 3 BT 0L, 2 B EFM AR, 3 BEIPHA
AN 2 A BB 5T 51D 18 E B2 RS AR 0t ST BT BT T 3R IE B B SR AR
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77.59% FIIEES T (PC1=25.79%, PC2=20.28%, PC3=10.22%, PC4=8.32%, PC5=7.01%,
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SHPEANT A, PC2 EE G AN, TERREARE], PR AERS, ZWR R
TS A S (R AN 3 A YO R AR TR R AR B R E A SRR R, TS b
GG LN B K T AR AR FE R AH DG OC R, R IABEAE PC2 N, A<
1AL S5 PEA X B . PC3 R B EHE M EYIRIEF: & EUEMH LR, PCA E
5 A BRI LRI R IE A OC 6 . PCS 3 B 5 HAh g a0 B HB B IR L T LAk
IEAHR KR . PC6 FH G F BB M IEA KRR (KD .

K-means S8 01 (045 SR K7k, 104 i AN S8 TG 53 15 DF Al 2 18] 4 R
NANKIE. B, ey, RIEWSER . VAR R SUESE 17 MR BOROVE 12K,
FEEI AT PCLAN PC2 AR X4, RO RAESa eV R, & EE 0 )
i) 16.35%. ik, R ARIE, o EARE . ARABARIE . R0 R i A AR 16 M)
FHRONHE 22, FEAG T PCL I IEAL AN PC2 FY T X . AR ARME R . H BRI
ek T T AR e R S P A S 22 RPN SR 338, EE AT PCL I S fE AN
PC2 (IR X dk. BRIUE, 3 2 SRMSHE 3 MM R G S E MR, 4 d T T b
36.53%. PRI, HREREETRE, ZRT7IRYR, [ DI RIS BE0fs <5 30 MAFI IRV 455,
T EFEUT PC2 (U XS A o PUGECAR AL, (LR, R R R SE 17 M)
P I ONEE 5 2K, FEAE PCL M PC2 MG X IR AT foe)m, RN S WA B B B 4R
PSR IR NS 6 9%, T A T PCL B AN PC2 [ IE{E X35 57 4-6 WA Al 4%
W ENEISEYIRl, LAt At 47.12% (R 2; K34 .

R UWESITER T (18 ) MRS AT HIRT AN Ly AR S LR TSI LR T GE X >050)

PC1(25.79%) PC2(20.28%) PC3(10.22%) PC4(8.32%) PC5(7.01%) PC6(5.97%)

o vt 0.44 0.56 -0.17 0.15 -0.20 0.02
FEoRi -0.59 0.13 -0.02 0.47 0.21 0.02
F=IREL 0.73 -0.02 0.08 -0.12 0.13 -0.27
SeA RST8] 0.48 0.53 0.05 -0.47 -0.04 0.29
MERR SRS 0.48 0.55 0.00 -0.44 0.01 0.07
B5e 0.31 -0.16 0.73 0.13 -0.22 0.03
BYIRRFEE 0.28 -0.35 0.64 -0.05 -0.10 -0.05
FERE 0.26 0.25 0.13 0.29 0.26 0.72
EERTIZEY 0.41 -0.05 -0.35 0.51 -0.35 0.34
TREFAIAR 0.52 -0.35 -0.44 -0.02 0.27 0.04
TEED B E 0.60 -0.40 -0.42 0.05 0.04 -0.16
FBiEHAR 0.56 -0.05 0.25 0.29 0.22 -0.34
BESEY 0.55 -0.19 -0.22 0.17 0.41 -0.07
FIEITE -0.53 0.27 -0.29 -0.31 0.35 -0.10
ZF L RET S iEE 0.03 0.72 -0.11 0.40 -0.06 -0.25
WMo EERN SR THISEE 0.05 0.52 -0.08 0.28 -0.33 -0.35
WD CERBE KTV AZE -0.15 -0.58 -0.13 0.15 -0.11 0.12
HAE SR . iSRE -0.03 0.34 0.42 0.27 0.61 -0.01
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BITEYR LC 5 BiEHilniE EN 3
ELBEYR NE/DD 5 BRRZ ol LC 4
FhEEYR LC 4 S wE NE/DD 3
pA=EbEL NE/DD 4 HRimiE LC 3
EREEYE LC 4 EbEE NE/DD 1
K75 e LC 4 EaE LC 1
P=L ET 5 hRZAA L b= NE/DD 3
RARE LC 2 XA Rk A g EN 4
Ao NT 4 RS Lc 4
PNPSEE VU 4 FRASTE EN 4
PRI ARYE LC 5 FRIIE VU 4
it oS LC 4 FRAT4E NE/DD 4
VANAZSE N VU 4 N ECATRY%E NE/DD 4
HERWLEEE LC 3 PERTIE NE/DD 4
=i EN 4 &ix NT 2
1BEERE LC 4 POl S o it NE/DD 3
AN LC 4 REFHE LC 1
BaLIGRRIE LC 4 EiEEHE NE/DD 1
KERE LC 4 SRR VU 3
EHAE NE/DD 3 TEBE 7Kt LC 3
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T T

DI RRIE 4 ARDEXIAR 3 3
NOIARBYE LC 3 M2 B ixdE LC 3
FRAeiEtR LC 1 REKEIE R tE LC 6
EHEER LC 1 TSN NE/DD 3
RIRERR NE/DD 3 I Ptk R NE/DD 3
EE% LC 2 DEfRIZ i LC 2
BRI LC 2 XUBE ARt LC 3
BERZ /N EN 3 I E LC 4
MERE NE/DD 5 BRIV <5 NT 3
HERE LC 2 =Eg/NR O LC 4
FISTRLE LC 2 [EAEEL <5 LC 1
RAbFRLE LC 2 =SNG EE LC 1
HEME LC 2 )11 3e 8= LC 1
IRbAREE LC 2 TERR 14 LC 1

w -+ o

g L * o
= _ . L . . ¥ “.‘ﬂ . I.:‘
+ = T R et
rave 1 ’ E?- ﬁa:- "h‘;:q:.- : i )

- e e . anxe ;..:.:.%“ - o

il ° n’l;ﬂ wen s .;T-ﬂ“ oy

-4 2 ; 2

PCIH {25.79%)

3 IR SHIAE AR 55 1 2
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[ HR )23 4 (PCL1 I PC2) J% K-means ZEK A Hr4h .
O, H3% M Fa%K Rl H5% RiEG: Hek

(Bt H1Js At 23
“+ SRR RR BB AL




PC2 (8.32%)

S _
1Y

-4 -2 ] 2

PC3 (10.22%)

Kl 4 PRSP LE S A NE 99 1 25 18] h B 70 A (PC3 HI PC4) Je K-means SR/ R . (4 55126 20t 552K

Rt 53K Bl 4% RiEM: 5353 REG: 56K, v SRREBNEEPIW AL,

2.31die

I8 o e AR R M R T8 B W) S BE RS T4 (1 i g A A 2 AR AS 2t A
HA4T7H) /51 (Park et al. 2006) o AHE7E H IR E ) 104 MUK FD 5 33 [ 4355
WiEYIFH ) 25.62%, BEANEZEA 1 AYIFE, B F 45 FHe B R 1) B S 3 1 7 A
BN XS A AL A P e 55 1

FAA Jfe 55 TR 1 AR RS AR A e G 55 1 R A S P B R B BRI 22 5
Fe HNE GG VE R T IR iR e 1K, 5P AS B AR VE sSERr P E B G . IR %
PN R BREME R I, WA 2 AR BREE W EYRIE. Kk
JESS PR F-HEAT AT, FREE S FIME + ARdEZE SD I TH A5 SR AN B HE A 1) S B 7
WS RBER TR I MESS e, H AT, BB 2 AT 58 R H 32 o 0 i 7 1%,
[} 25 PR 25 FE B A G 55 PE DR 7 o ok, m i B 4 1) O St A — N R A 2 4
[ (1) 4347 (Zhao et al. 2014) , FE7R&F— MFION TR NESS P . [FI, K-means
RGN B T R — DT, B A AR S TR R SR o — 2K,
AR FLAE 2 457 18] o 1) 3 A ) 8 SR S AR A P MG 55 PR P
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FEARB T, 47.12% KBRSy mEsa tEyme (49 A, RIEL— = HIP
BN SRR B o TR LR SO 8 MR IUCN SRR AESIfa S UL |, ix 3k
AR I8 B AR 2 REPERRARAR AT RE & Je/E L T3X 8 Mdb. BRI, W70 UM%
AR [ PAT S0 R0 [ 15 56 SRR TX 8 AN, (RIS T AR N (e OR 4 A o
SEEIX 8N ¥ TUCN 5RO R AZ AL R 55 1 » BRAT T 1% I L o Ko
B R RAR S, o RN O TE B L UL AT ek R R R ke 14 M L O
FIT AR RLII B FE AR [RIE, AR AR X oAt 40 A i fif 55 1 420 o 1) 2 o g R B3R
Bl a A TR B8 B R X B XM % CREESE, 2009) o Bk, Rk
FRIIE E 7T IS 90 7 A 5 20 FR R 2 FRD 3 B 70 A DX T, RN 3 s R4 A8
A M S 1 1) ST A RS A 53 4h, AWEFCHE R 1 b e 95 PR AT v i 59 1k
(RPN 5 2 B BT FC P A S 1) 83.65%,  TIE R TS ABAR A ) 3R I P A B 2
FERATRORMIEEM, R IE A SR B e T B £ 2RI 2 — (IE%E, 2 X9,
2004) .

AT GRS R AT, 1 2K 2 B AR NG 59 1k R BT U v i R TR A
NAEAL GRS R (RS . TS5 o XX SR TAE I R R AT 1,
RN SR AR [FIRE 206 AR S 3K — /N R HES V) S A BRI R, 38 D) s 22
T FEARRL W SRR AR, RS A AR R I - Rl 7R SO KX 8 ANt
WARSEHT TR PR Eh Y, BATIESE 1 o B RS 9 R sh WIS P KA A (A
VUK \UCN SRONBFAE KA R — T3 BRI R AP v [ 8 £ 20 A 4%
JR IS .
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SIRZAEXI R E KER
HESHERNEIN

M BESRE

I EIERIES A B

2 ] A A A R (1 40 A7 5 B R BRI R B BRI L)),
F18 NME T 131 A i IS5 & CHIRG 2B PRGN A0 (5 R} 2% B il A
Vot 7E i B e i 2 R A T DA LA I U A SR RN 78 40 A 0T 26 A4S, &t 157 AN AR
MOCEIS) o SRJE RS 7 A s R 2 26 B R e AT 9T X 3 (95.25°E ~ 119.75°E, 17.50°N ~
39.50°N) o #5 FRKFHTF 7T XM 1 (3% HL 52 L 0.052 48[ x 0.052 4[4 1 M)
50 B B B I PR 0 AT o ARIERE MRS A R — ANl s (presence points) , i #
15 3 E K7 96 ANIAT 73 A s H T J5 221K MAXENT #5784 7341 (Ward 2007)

Distribution of Chinese giant salamander

35

30

|atitude

25

20

95 100 105 110 115 120

longitude

P15 =i i R B SRR AR B ) 0 A o 20 C A €0 S0 ) RO AT 1D i 20 A
SR 5 RN s AR R AT ) s BB a0 RS DN R K R
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A A5 ] F 1 4E K R AE = [ raster £ ) WorldClim £ 4% ZE  (www.worldclim.
org) HREL, ALIELHTH LIS (1950-2000) FIARHE BRI (GCMs) il
M 4y 2.5 arc-minites) F 2050 4F Fl 2070 4F ({5 504, $t 19 ANE) S5
Al F- o 3K e R 11T AR 79 o = KK, RSB S5 BT 4 4 Biol (FEIIRD ,
Bio3 (i) , Bio7 (AEMEARMLIEMED , AlBiol2 CAEFIREAK) ; FHHEAEMS
3R F 11 4: Bio2 (BRI ZE H¥9MH) . Biod (IRJEASLTT2) , Bio8 (filhZE /i
SEEURED , Bio9 (R TZE-FIEE) , Biolo (RFEZEE-FIJRE) , Bioll (f
REEVFRNRE) , Biols (FF/KAEMTTZE) , Biole (IRiBZFE[E/K) , Biol7 (&
TR , Biol8 (IHEFRERF/K) , Ml Biold (RAEERK) ; WuiB =
KT 4 A>: BioS (v H My el , Bioé (i HAn iR , Biol3 (iR H
BB , A Biold (T HAMFEK: £3) .

R 3 HIT MAXENT #ERS 7347 (1 19 A TR 1

FIRTLEF FHHBHETF iR SIREF

Biol (F1YiR )

Annual Mean Temperature
Bio3 ( FiEME )
Isothermality

Bio7 ( FFIRTMSTE )
Temperature Annual Range

Bio12 ( E-F1PFEIK )

Annual Precipitation

Bio2 (B&IRZEHYE) Bio5 (RAAHERSIR)

Mean Diurnal Range Max Temperature of Warmest Month
Bio4 (IRETHAE) Bios (RSANRITE)
Temperature Seasonality Min Temperature of Coldest Month
Bio8 ( REFEFITRE ) Bio13 (&IZBMI&X )

Mean Temperature of Wettest Quarter Precipitation of Wettest Month

Bio9 ( RTEEFITRE ) Biol4 (& THM®MIEX)

Mean Temperature of Driest Quarter Precipitation of Driest Month

Biol0 ( RIEEE IR )

Mean Temperature of Warmest Quarter

Bioll (RESEEFIYEE )

Mean Temperature of Coldest Quarter

Biol5 ( [E/KELMTTE )

Precipitation Seasonality

Biol6 ( ERIZZEEFE/K )
Precipitation of Wettest Quarter

Biol7 ( &TZEREK)

Precipitation of Driest Quarter

Bio18 ( RIEZEEMEK )

Precipitation of Warmest Quarter

Biol9 ( RiSZEREFK)
Precipitation of Coldest Quarter

3.1.2 MAXENT #58Y

KHRIEE (JtA 3.3.2) ] maptools, maps 1 mapdata £, %} #F 7% [X 35 13 47 1F
B, SRA dismo L HEE MAXENT B84 . SR DAAESHIbAS Hh e — (59 2 0 3 A1 s D o
FR 5 S0km G, FEVEE A BEHLIEE 1000 A, JFR X L s A HARYDFN 23
4i (pseudo-absence points) . %% 96 AN FE MR I A 55 b 24117 A% BE
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FIRA 23 AT B4 5 50km 75 1B P9 B 1000 M2k 55 (pseudo-absence points) M 24
P AEEHE 5N MAXENT AT BT 15 OB . AR B BEL IR &5 SR A BR A oM <1 1)
SERF, IR SRR FIAT 5 .

IR TR R A R, R RIES (WA 3.3.2) dismo G111 kfold() ZijfE
¥ CAELF R R IR 2 NS R k41, FREREH T 1 AV NP4, SR dismo
4,7 [ evaluate() T BE AR AR 7Y [X 43 4l #6: 56 2H o presence points £l absence points ]
REJJ, ROTHSE AUCHH. AP AR#EN: AUCEFE 0.5-0.6, A KHs: 0.6-0.7, B7;
0.7-0.8, —fi; 0.8-0.9, R4f; 09-1.0, 7. #)5ilid dismo tH [ predict() LhfE
G5 SO P A P Al R H AR A e A — M b IR, IR A dismo L
plot() ThEEFN maps ELH 1) map() ThEETEE], K KTt (R development Core Team
2011)

e KRR T 3%, BRI [ R 23 A1 s A Dk 2K s 2050 4 A1 2070 4 (17
16 PR 7 Hicdie £ PE UK MAXENT BRI S T T 22 4k 2% 1 T 2050 4R A1 2070 4
[ R BT AR RE TR 0 AT A% R, Rl BRI SS SR AT AL

FH MAXENT A5 88 = 8L 400 IR £ A=A DR 450 3 B 40 4 i, BT 7 AN 32 1 20 1
AR S R, SRR A S 18] R A A3 A A G X 4R 44 9 10000 A
(100x100) BTG, F—AUEEICE —NSL TR EAIN B Kb H L
N2 5558 21 e S A A (], AN [R] AR 38 DU R /s ) P TE 22 Wi A0 A B o6 o HE LA R 28 K
/o SRR T VE T 25 G i AU R T A8 K T AR A B AR A AL
46 2050 By, 2070 4 4 X1 ) T i e e [ R 54 2050 BY, 2070 4 1 S IR B A=

A

SREEI AE BN ESR (niche overlap) FIAESALARPIME (niche similarity) A
PR T B AR A 0] o [ DR A0 A A AR B (R o IR TR OX MR AR ZE AN K,
FH Sk )58 T BT 5 (Warren et al. 2008, Broennimann et al. 2012) . A& fir # &
BT 0 (ISR M1 CESMRAZS) ZE, bl s AR
fitt5:

1
D(Px,Py) = 1- EZi|Px,i— Py;| &)

T 25 25 57 AR ARk T 75 228 S5 1154 Hellinger BE B (Hellinger distance) . Hellinger
PEEAE OB 2 208, TTEHATEARAESSEWR T , o E R, FEAK
HCAR AN [R) SR BV A R K 517 (Legendre and Gallagher 2001) , i+& 7T

HUPw ) = 5 Pr= Pra)” 2)
A R L S5 T Hellinger 5 B USSR, 08 F 1 19 44 sRIEAT 151«

I(Py, Py) = 1_§H(PXrPY) (3)

ABLAPIERA T 0 (ESMTELES) 51 CESMEREES) ZH. BlLE
NARFH) D FoR BB EER, H KR Hellinger BEE, | o AESMARLUE, 1305
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U TT, Py o TR E RS BRI BT i H AR IR 2 i A A L A A
FIARBE) » Py o v [ RS R SRAE U 50 | 7P AR A CRIDNS AR SR A 25 f )
FPRGL

5 % & MR B (equivalency test) FIAHLL P 4G 5 (similarity test) 43 %)
LA 41T A 2050 4, 47T 2070 4 DA A 2050 4 A1 2070 A AE S AL B R4S
ALAFVBU: & 75 A7 Sl 3 1 22 S, B0 AR A0 v ] K5 A 285 6 A ) 11 77 A ) 52 il
M E TR A R . BT A R Gt o e R 1E S T (A 3.3.2; R

development Core Team 2011)

325

FRAE MAXENT R 70 25 — R TN 45 3, Bio3 (253 M) , Bio6 (HtvA H 4 i iE)
Biol0 (HBEZEE IR E) , Biol2 (AP [%/K) , Biold (& T H#mFE/K) , Biols ([%
KT 72D F Biol9 (A ZEREREAKD &5 7 ANARE T HIAE G <1, FIFIAR ) 12
NSRBI Biol (4EIR) , Bio2 (BRIEZEHINME) , Biod CHEARMTZE) ,
Bio5 (ft#H (- fmilid) » Bio7 CEIRBLTEED , Bio8 (R ZE[E P4 ) , Bio9 (fx
T2 PR 5 Bioll (AZEREFIRAE) , Biol3d (FIEH /K , Biole (I
MBZRREREKD , Biol7 (I TZEPEFE/K) F Biol8 (M= fERE/K) HEAT 188 — A
o BLEE SR IR, A e b B ORI 4 A0 (0 SR A S AL A T3R8 - KRB R,
ISR, KICP PR, RFLEmX (B 6; AUC=0.988) . #2050 4, 7
VAN PN 2 o b XK 2 LR 38 P K A SR AR S, TR0 - KB &,
RIS L ZR, VT R T SRR i R 1L b X3 R ] K5 43 A 10 S A A AT ek

(El7; AUC=0.967) . X—ILRIGTE 2070 FRIGH NG, AN S X

Y& A R RO 4 AT ) A A A AL 24 o 34 IV A OE B AR RS AL — 2, BANE
HAGAESAEMACE &S, TRIE - KWL R AT ReAE A B8 AL S
R E MR (K 8; AUC=0.972) .
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Predicted presence of Chinese giant salamander

08
06
04
02
100 105 110 115
Pl 6 4 [ 0 ] P 22 s v R R A P S A A R T . S R 1 X R
T
Predicted 2050 presence of Chinese giant salamander
08
06
04
02
100 105 110 115
Pl 7 4 [0 B P9 2050 4738 o I DR S 20 A KU AR A L T o ¢ Cou Bt 10 DX
TN IE H AR
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Predicted 2070 presence of Chinese giant salamander

0.8
06
04

02

100 105 110 115

Kl 8 Ax[FVE I Y 2070 4F3d B b RS A AR AE S AL . SR O RIR I X IR
T R

IR SIREFHPE KRS HiERRRZ R

HRAE X BT A SR DR 7B AT T A T 45 R, Biol ARSI (22.4%) | BioS
B A O dR i (12.1%) | Bio16 S it 2= & 7K (10.1%) « Bio6 fiei H 4y IS (9.7%)
Biol7 fix TR I/K (8.4%) 2% 4 iif v [B KM ¥ 43 A7 AT 525w AR A 5 AU A
T T Bio8 iR ZE B R EE (0) . Biol3 el A i FE/K (0.4%) . BiolO fEHEZE
IR IE (0.4%) . Biol5 [#/KAALTT % (0.6%) Hl Biol2 F--FH[E/K (0.9%) £
X 24 iy e K543 AT S BN ET 5 AR T (R4 .
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R ISE DL LUEPN il AP e

EYSIREF REE (%) EUSREF RE=E (%)

Biol &F1938 22.4 Bio7 BBV B E 2.8
Bios RMVA M EREIR 12.1 Biol4 &z T B &K 1.7
Biol6 BRI TZE &K 10.1 Bio3 &84 1.4
Bio6 /¥ AN =IKIE 9.7 Bio9 ix FZ=EFIIRE 1.2
Biol7 sz TZ=E K 8.4 Biol2 FEFYEIK 0.9
Bio2 BR&iRE BIIE 7.5 Biol5 /KT T ZE 0.6
Biol18 FRREEE &K 6.1 Biol0 RIEZETIVRE 0.4
Biod RELHHE 5.7 Biol3 i B FE7K 0.4
Bioll R FEFITiRE 5.7 Bio8 F DFEE FIYRE 0
Bio19 FiSZFEREK 29

3LIESMER

S PR R R /AN U AR A AL S 2050 UK AE S AL, BEX S
MAXENT A6 8 = PR ABLIK) 12 Ak B8 7 24T 2 0 s AT A o ke 17
78.71% R A 1, HIRM AR A AL, 4R, Biol SE1il, Bio9 Ik T-F
PR . Bioll friA Z= T iR, Biol3 firifk H 41 K, Biol6 firiflk 2= & K
A1 Bio18 MR 2 [ /K 5 R s> 1 iR F IV IEMSC R R . T Bio2 B % H HE AN
Bio7 i A ALVEH 5 T > 1 B FE I AR K R Biod i FEARLTT 221 BioS ffh
A 5 B 2 R E R UGG R (£5) .

5 LR B KA 2 /T S AR AE AL S 2050 RS AEERAL, 1T 2 NFERS S 12 ANMEWSER T 2 81
Pearson tHIR A%, HAFLFEMHIKILR (P<0.05) MILUHAEIR.

EYMSIREF

ERES 1 (61.21%) ERESD 2 (17.50% )

Biol &E1938 20.49 -8.00
Bio2 B2 EBIME -15.87 -7.02
Biod \RELWAE -13.43 -15.41
Bio5 SR AN =@ 13.73 -17.43
Bio7 BBV B -16.58 -13.84
Bio8 S EEE YR E 14.39 -11.79
Bio9 lx TZ=EFIURE 21.13 -3.43
Bioll fiSZ=EFITRE 21.46 -1.94
Bio13 BB B % FE/K 18.84 0.69
Biol6 ExiZ=E K 20.17 2.61
Biol7 R FEE &K 14.13 -3.26
Bio18 RIEZE &K 18.05 6.62
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AR5 b R 2 i U A S AL 5 2070 SRR A S L. B2 S
MAXENT #5401 1 12 A B 7 34T 32 o3 20 M, i > 2 e 0 R 1
77.93% AU T, R EAURAESAL . 45 R/ LKW, Biol fEIIR, Bio8 MR FE/E
PYJURSE, Bio9 s TV, Bioll s T, Biol3 filE H i fF K,
Bio16 fir ik & [ /KAl Bio18 fielik = /K5 Tl 1 MR I IEAHIC K &R . [ Bio7
AT S T 1R R R Biod ARG TT 22, BioS il fy
Bl A Bio7 AEIRARM T 5 sy 2 B E RS R (R 6) .

X b FE KA 224 A 2 18] e R AR 2 M 2050 45 A 23 18] o K A 2 A B
H R R A5 32 A S P PR AR PR BRI 1) PCL R IE T 1) AT PC2 [ 55 1082 3 (B 9) o
73X — M 2l (R L AE X L BT AN 2070 SRR AL R I EONUIE (B 100 .« 458
SRS PCL AT PC2 R A, XS5 URIR 1 ARK b [ K505 AT S P A
SIELIRT G, FIRERD, WEEKIEZ Rk ES.

6 LA B R 2 m (S AR E S AL S 2070 E SRS, AT 2 NFERSS 12 MEYSBERT 2 =1
Pearson fHR A%, BAHEEMIKKR (P<0.05) MLUHAKRIR.

L HY - 2070 £F

EYSIREF
ERES 1(58.33%) ER5 2 (19.60% )

Biol 1938 20.58 -7.79
Bio2 B EZEA1IE -14.21 -8.84
Biod \RELAZE -12.13 -16.68
Bio5 RN B EREIR 14.02 -17.26
Bio7 BE B2V IBE -15.09 -15.64
Bio8 F EEEFIIRE 15.25 -10.98
Bio9 ix FZ=EFIIRE 21.40 -3.04
Bioll s ZEFITRE 21.50 -1.95
Bio13 &iE B # kK 19.25 -0.25
Biol6 £ BEEMEK 20.26 1.82
Biol7 S FZEE /K 13.47 -4.36
Biol18 REZ=EFEIK 15.62 8.91
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PCA - EU niche

PCA - EU niche

P 9 e [ DB 24 I FX) A6 2% () T 2050 47 M0 2 ) o AR AR 25 PR o K B2 93 582 Sl A W AR o P i £ TR PO 2
PREIAFOR B AR OR o SRR R R R 85 2 2 ol 7 i Bl KL /<o 2 ] H 100% AT 50% )R] IS5

PLCA - EU nicho

P2

Pl 20 m [ R 214 i FR) A% 2 (8] R 2070 4500 25 8] (K AR A AL LU o R 5 s RSk i Lh B R
PRI B AR O o SRR BRI RE R 7 e 2 ol s v [ KL 5 25 ] - 100% AT 50% Y AT HIFA 3G o
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AL E B AR RN, o K 5 A 2050 SRR S ML E B RN 74%, 4
HI A 2070 £E(()AE S H B 50N 66%, 11 2050 4E A1 2070 42 [ A2 A 55 B <0 85%.
SERCVER IO (0 45 R AR, i [ ORHE 2 | R 2050 4, 24| A1 2070 4 BL A 2050 4 Al
2070 SERIESMBMFEEEZER (P <0.05) o ABMARLINE S ESAES M4 R
B, Sz v [ KM 224 i AT 2050 4 H9 A S ALARME D 72%, 4T 2070 4 A AE S
FHAAE )y 66%, T 2050 4R A1 2070 4 AL AR AABMEIE B 1 82%. ARALLE AR 36 (R 4
WY, o E R 2 AT 2050 £F, 241 AT 2070 £E LA 2050 £E AT 2070 4 AL L)
fAERFEZER (P<0.05; R7) o BT AES A H B AR A S AAR U I P24 1H
1) 2050 4 [E KR I A AL T 26%, B 2070 FEAE T 34%.

7 L b B KA 24 4R 2050 4E,  M4ATA1 2070 4E, LA K 2050 £EF 2070 SRS AR E SRS . HIERREELR
MR (P<0.05)

P EBHESE SIS c 3otz =[N =R L oo
= D ( Equivalency test ) I ( Similarity test )

47 — 2050 F 0.74 0.02* 0.72 0.04*
LE]—2070 F 0.66 0.02* 0.66 0.23*
2050 & - 2070 & 0.85 0.02* 0.82 0.02*

3.3idie

X FEUE I TG AR A 2 068 o [ R85 1) 231 g R A S A S B AR R 3
So, EEMERER. BT MR BB REK RV A R AR A T
FERER AR T I e BRI, FATARI TR 2 S B> L& & P E A
5 73 A R 3t AN RS B L AEAY IR U A A AL S B A B P4 RS R Fe AR I
[ R

MAXENT BT, BRILAT ISR 70 A0 fUAh, A SR &, L P AR g G 5 4
DX 8 A P 58 0 3 R KB R 2R A o 8 vl I K B0 B8 4/ 5 £ A S5 b 22 90 A1 T
TR Z W XA AN R E (F RS, 2002; PG AR, 2004) , S5
FE VL P8 T 1Ly DXORT P 5t 9 L ol Jok T BB A A v AR R BB S P o L R 85090 A7
FB RO, 7648 AR, I - KEWL R V) EH R0 5E A %Y
FpAAF . BRI, XA MR EA, HIE SR, [ERSRZE, &P EREE
PIRAE AR 2k, NS P EF ARSI AL T ZRE . (JERTE, 2009; 2R
&, 2012) o [y, WX NEBRRAAEEARZ, KEUSH, TFEEREKEEYFE,
S E R SR AL T R AF B R S R B R Bk, XA
KGO BRRS XN L EF I %, DAY X B (g 2
JSFR) B2 VG 48 W FBH R 58 B SR ORA XL B P48 BRI IS R /K AR B AR W AR IR P X B
BIETE R EARRYX . D4 T8I B KT K8 J AR R X )
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AR X 2 iy A P S R AT £ R A T G 5, R B KB 3 B A 4y A1 52 S
R F I B R, oA X AR S, R R s EE A G, W
R fo vl AN B A H A B AR e LR RS R S P o ORI AE AR R R (i
TEENKEY), WFERESSAITC RPN MFRE, v HIE IR R (RIS,
1982; Cheng 1998) o il fi itk 2= i [ 7K R i 2 i ¥ K D) s i L8 7k A P 7K I 3k
IR RS B FE 5, 5 rp B ORI A%, B0 I 1) A S0 A J B A O (B 4L
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BB TTRER TIASRBRFRIPX WALITIZ g% 780 1994
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4.4 RE K FFIEM B S ENT

R EAT B K E R E A SR, TR E K. HE YRR T E
KGRI ENY), B A GRS A D A AR AT 5 5, AR T N IR PR IR &
FE M EAMEAD 90 SEARTF A R MU B R B AN TR 12481k, AN T2
REBNEH, 7 AMECR O SR 4 5 ER (R¥FESE, 2010) o f
] A N T 7R 58 2 R M SR AN 005 A A TR AR S, X K5 ) 2R B . (H
FRPE AR A AL IRAL T OB R R R, BEALAHAC (i sl TR AR Z AR R
B (=%, 2008) .
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