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Elevational pattern of amphibian and reptile diversity in Qinling Range
and explanation
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Abstract: Spatial patterns of species diversity and range size along environmental gradients and their
underlying mechanisms have long been controversial issues in biogeography and ecology. The species—area
relationship, water-energy dynamic hypothesis and mid-domain effect were used here to explain the
elevational patterns of amphibian and reptile species richness and their different faunal components in
China’s Qinling Range using multivariate regression models and the variance partitioning algorithm. Our
results showed unimodal patterns for the elevational distributions of amphibians, reptiles and their faunal
components, but the peaks of the patterns differed among groups. The underlying mechanisms shaping the
patterns revealed intensive interactions, while the independent explanatory strengths of the three proposed
hypotheses (exclude reptile oriental realm) were relatively weak. The water-energy dynamic hypothesis was
the most parsimonious explanation of the observed patterns. The majority of water-energy dynamic
explanation belonged to interaction of three hypotheses. The interaction between mid-domain effect and
water-energy dynamics was larger for amphibians and that between species—area relationship and
water-energy dynamic hypothesis was larger for reptiles. The Steven’s and cross-species methods were used
to examine whether species-specific elevational range sizes of amphibians, reptiles and their different faunal
components are applicable to Rapoport’s rule. The results showed that reptile range sizes supported
Rapoport’s rule at the various elevational gradients, while amphibian range sizes were difficult to support
Rapoport’s rule.
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B A RS A AR B AN ARG R 2, Ll b Al
Y Z e BE 2 A B, WESS A R 25 ) Gy
Ak Ja) S FLAEF LT R IR R AP 2 FEE PR 20 AT
X 0 A% 1K 46 @ AL i #E 8 3 il (Parmesan, 2006;
Gaston et al., 2008). .1, Wil AL IR R
H Ja B FL e ERIATL A2 ) 22 A AR P 0 5 1) T
ZH B4y (Vetaas & Grytnes, 2002), A MHF5E N 51
HCR AP 11 5 D0 56 DR 47 e R g PR3P vl 4
ft %% (Hunter & Yonzon, 1993). Orme%(2005)Hf 4%
KW, AT . R SR R
Ao ATAEAH R R BRI A5, R DR 3 ) A 22 B PEAS
{CETEA A Z AR X, T H 255 FE AN A4
iRy 23 () o3 A A o ERRR L 255 T IAR AU (5]
W R BERT . KA G IEEE) R g,
e ik JEE it 4 A R (%) 8 A0 T R L A 5 RE R B
1,000, PRI ACRR 5 1R A 25 2 S I B ZE0E ST
X% (Barry, 2008) . McCainfliGrytnes(2010)iA 4, #)
T =5 B AR o0 A A% J) F2 AT A, B PRI 3 U
W )Ry BRIERS SR SV B R, RIS AT R
TEFMESIIIRE T, ARtS =) 73 73] 1 26%. 14%. 15%
H145%, Lo B0 o3 A1 i 5] g5 Ak, H G R AT
AR B R

NATTHE T & R R B AR R P b 22 16 1) 4k
AR SR Horh, M—IHRR R Ko e SR
T SO, I FH 8 A e (3t 55 S R 58, 2011,
=TGR T 4T, 2013). /K3 g B A i (water-
energy dynamic hypothesis, WED)iA X, ¥)Fh£ ket
(1 1t B0 AT A R 2 K 2 A B3R R g, 7K 201
AP g & (1R FH S 2 (O Brien, 1993, 1998).
KEWIFURY], Ky FHEE S MR Th 22 FF 1 21
¥ Je3 1 T B A BE A 1~ (Hawkins et al., 2003; Kreft &
Jetz, 2007; de Oliveira & Diniz-Filho, 2010). #HXJ
fi B HESH SR, PINIICAT B4 i) b B 93 A7 BE 25 5
2K A AR . Fok, BURE TR 2 54
T Z AV BE 3 AA% SR R R o Fh—AOC R
(species-area relationship, SAR)f#FE Ml % PR
IR TRURR S8 0 iy 38 0 I BIL A, (RTINS i 1 4 Al
(2% 1) i 4 %(Qiao et al., 2012). FifiEUkE A 1
I, ARG R BT A S AR A RS I A U A
o, IIMAE T 3 Z ) Fh(Fraser & Currie, 1996;
Baldi, 2008). I 2 Vi #% A (mid-domain  effect,
MDE)(th 12 SR8 ) 2 55 T W0 b RIS 75 3 A7 A A

B SAT R BTN, BTS2 WA o A 3 S R
WP o3 A 5P I b ) IR B % 23 A0 it 26 (Colwell
et al., 2004). FMFEENVIR I Z )G, 5 R
TR 40 Aol bt B0 A W Jeg ) RS PR 71— A7 AE )2 1
413 (Hawkins et al., 2005; Currie & Kerr, 2008). #
EAWEICIE, 1 T B IR A 85 PR - 25 45 5 g 3
fift B ) b 22 B 1) b PR RS JR) (Grytnes & Beaman,
2006; Wang & Fang, 2012).

RapoportiZ: Wl 5z ) & W 43 A1 (R 26 JE A B b 44
J5E 53 A1 5 FE IR ¥ (Stevens, 1989). Stevens(1992)7F)
F80 Bt (A AAREY) 10y B 1L L IR TEAT3))
Y. 24y B2RVETUR I, WA~ S50 4 o0 A s
R AR RS A WA & IV [ aa B 7,3
Rapoport % ] (Elevational Rapoport Rule, ERR).
Ruggiero Fll Werekraut(2007) il i s 4 ¥ & B,
Rapoportyk: WAE F 3k BRI K fil; - A4 >
8090 4853 A 05 5 ) SR RN A2 ) 3 TR 2% 4 R i)
Rapoport 72 U ¥ 2 5 F2 B, 1 A8 25 A s i) ]ROBEXT
RapoportiZ N IF T B & 5 m . iRl TCAT W% 3R
5 DR AT BCRURR I S R, A Aot JR) B FH R 5
ilFRapoporti%ll(Gouveia et al., 2013). 45k 4E
AR A (S R 2K W R B AR B
I8 R 28 A0 2 i S 35 0 4), 4= BK32.5%(1,856 1) 1) P
Wi E )4k T 52 IR A, 58 /b1 43.29%(2,468F 1) 1)
W5 MG B ) A RE R R O 5 R PRt F (Stuart et al.,
2004). HAERFIKEAREE, o IR S 52 18P
IKPHLIR(27.3%, 100F1), (HAEIH KB E S+, Hh
L 1) P9 A7 200 4 I s ot Bk B R A0 52 B 0 L
IR (3T EE 45, 2006) . Cooper4s: (2008) 527 e S5 il
P AT X AR B, R 2 8052 P e 2R R AT 41
AN B R 3 A DX AT o DRLEATE FE A b A (R
YRR G A O L) X S0 A7) A ) 2R SR A b SR AR AL
BA I EEL M EH (Parmesan, 2006).

Z U 7 & [ . Hy R UL 17 1) 70 S 2k,
FEl 2 47t B X 1] vty J b SR AR ) 93 B (K R
H, 2011), ifkmk, St B A e, Bt
JA S5 I 4 Rapoport i ) 1 BEAR X 38 . AR SR H]
ZRUG PN TRAT SR AR o A s, 3 i)
b 22 FEVE RO Ry S LT VLR, 56 UE 3F 47 Fif
2 FE kM BEARS JR) 1 AR VAR R U8 1L bk ER R T E 1
G, RIS %X A AT B M HAN A IX R
3 )RR A 8 17 S H i 4k Rapoport 12011
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ZRUGSLIX AT T SCRIBR U Gy o T R ZR U8 7
EERA, Tabirg. B, AEB. 5. i—K
L DA K e 16 B 30T ¥ 5k J\ 08, 4 STk T VR ] LA
m, ERIERAE. B LR IEHR 1t 72 BT B 2 AR
A=t LAY, AR SO 2R ek 2R 0 (B 44 3h )
WFUTAE, 1987). ZW AP i /MK, FH07 7Bk
Pu I, #52,500-3,000 m, th#AJbBERLE, 1
K 113,767 mo ZRIG AL IS ¥ 48 )5 2 it 1LE 5
{140 5 DR 2 1) 0 4 Ly b, 1) 2R Sl A A A L O S
i, R R . P R 7 e 2 I R Al iy N T T
FS 1) B X PA) i ) e 2 b (e R A 2% o v L 4 e
iZe4y, 1980).

Za U LM o A A S, H LA LR A DY 2
438, 2,000 mUL L iy A ZEREA, . B
K= AN B A 3 e B 1) T v 5 e e Jet ik,
A2 P AR IR mE S Le AL St s, AL B R
2,000 m, FALIHELEFEAAR R, AERI G 1 E
IBPEE40.44°C/100 m, FEI I TE ELIB IR A0.5°C
1100 m. PERYFEAR PR E FRIPIRK, R R
Womr TAbd, S 1,000 mLLR, BEbsE AL
100-200 mm, ¥§ 4 1,000-2,000 mZ [a] W) i
50-100 mm. AHXE A RSO T AR, B AR =
8-9%, &ZFAH%2-5%, M ZE4-6%. [ N
Bty L a3 22300 h(1Li b Mk SC S gw 22 4, 1984).

ZW R i T2k . 35 TR 0 A 1 RS,
e AT B . W34K2,200 mULTF A 7 - fE bk
i¥; 2,200-2,600 m>hy g fE IR AS AR 2,400-3,000
Moy SR BT AR 2,700-3,400 mok v A AR
3,300-3,765 m>A & Ll E AR By CR &K, 1991).
1.2 ¥ERIRESIE

W) R 4 A A Ps 3 2k { Stejnejer(1925)
Pope(1935). MG FIR /K27 (1966) 7 S Ak FH AR N
V5(1981) MG VERITT 5% 1#%(1982) . J7 S A AT I
(1983). JR L FIEE IF & (1985). J5iit (1983, 1985).
J7 % %(1985), KNY%4(1985, 1986, 1987a, b). #ki:
53RN 4140 (1989) 2% 55 (2000). V1.4 1-45(2006)
PRIEAT AT (2004) FRGEET S5 (2007) FRGEHT 45
(2009). K 5% %%(2006) . b 55 %5 (2006) . 7K 4%
(2007). ZEKIH%5(2008). YangZs(2011). a4

(2012) (SR T8 B WL B 5% 1) o

FiAk, 2012-20134, 46K 2 Z3 0 Ll ik S Hy
WA, 72204 1L kiRF$400-3,000 mJi, WGtk ER
JERERR100 mik BELAMFEX, A 110 km x 10 km#f:
X 244>, DAFEX IR O R A b v, 7ERE M AEIX A
BEHLEEL104N20 m x 20 miFIAE 7 F110458 km K [+
W, FET — A B AR B KRR AT () X 3, AL TR
100 meo 3 JAERE 7 PO ARTRET RO TS5 S0 AR P A
AT SRR o A A5 2o KB Zh )
P 8 22 O [ AR 3400 S S AT R 0 B ) (2
B4, 2012), AT BN Fa BTN R R 2 e 22 (h
Ezh&) (k% 1998; BURZA%E, 1999), s
Pk s (P EREZE) (B/RIX, 2006). 18 A 5>
WILE20124F4-9 H, 20134E14-9 58 e

SEA A R A RO SCER R AE OGS S, i &
AR AR R, HEEPRTE B R
[T o0 Ai o ST ZRUS LI b AT . TCAT B4R 4>
A F IR B FE (R L) BTG AT 34
BP0 2 RE P PRERORG B (0 20 A A% S, AR 7k oA
ChE Y ELY (2011)Ks 5 Rl AN CA T Sh 4 kil 43 A
KRG AE SRR A FRSR X R sy . TR
SNSRI D, BAEL T 10T
1.3 HUESH
131 YMHEEEBHIHIERIH

LRIA Z20E AT TCAT 31140353 53 43 A1 11:140-2,800 m
F1400-2,800 m (1] B, Br LA AT 2 1% 100
2,800 mi¥ifE k44 1. 200 mif¥ IR] B I 43 e 11 H4A B
(1 4n: 100-299 m. 300-499 m). ZiitH AR EE N
E7EL RS

PR TCAT B4 P Fh 22 FE P R B 3 30 R Hly 2
FEPEFIBZAENE . yZFEVER YA 3= 5 i R RN
BB H 2o, P2 FEPER A Cody 4R 2 (U7 K
=4, 2004) KR, HAkEAAY:

Br=[9(H) + I(H)]/2 1)
Horb gy Codydi 4, g(H) A vE i 45060 X HES N 4)
FEL, 1(H) K Ui OB B RS D (R g . AE A5
W, g(H) R oA b SR V& A 2 B B i i 5
RITE 2 B B 21k 0 A E BRI R A, T I(H) )y
YRR IRVE AR 2 R B R gL, BITE iR 2
AT BRIIREL
1.32 YIS ERERE

AHFFCR KB &R Fh-TFOC R
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(1) KorREEABMR B ZBUE N AR
FE 5Ky BRERPEIEAR, HREEZ A1 5 R AL
5% (0’Brien, 1993, 1998). AT 57 % 98 71 28 B
FHAE TS 8 7K i R 56 1E WE DAE X 22 08 ik o FH
fff ] AET calculator 1.0(www.geography.uoregon.
edu/gavin/software.heml)(2007 Revision) | 5H- i 7E 78
B (PET), iM% 772 AR IE )5 [#) Thornthwaite /7
LSRRG Al, a3, RIGiRE. H
Pk H BRI, M3 AR & vk S AR 25 U
(PET) AR ZE B (AET)

(2) Fh—IHIRR R o BN I PFh ZAEPERE Y
S HI TR R 1 s e R O KOG &R (Triantis et al.,
2003) o AR X B AN 5 R R K07 R B AL T TR
TR ZR U AT TCAT B4 S FEAS [R] X 2R B 5 () 4 e
=F B REWEHRMS SR (R B R (b 5 S R A5, 2011 2%
T#ER £ F-F, 2013).

() PN . R VA YIRS A
AR, S ) e ) e oy AT
J5(Colwell et al., 2004). AHWFFTKZRIE PG, €A
BN Je FLAN[A] DX 2R 0 (R 00 P 03 AT 56 5 R 1400 X
5, WA ECE A R BE LA RE A &, R
RangeModel £ /3> 1 1] 1% 71 5(Empirical Frequency
Distribution, Random Midpoint, £ 73 A i & 15 714
FEAUZEUE IR €T AR X R A 45
JE#% JRi(Colwell, 2008; T 2%F-45, 2009).

A S B s >k B S s E A Yt (http://
www.worldclim.org) 1 kmx1 kmiK#Hk& K, FHBT
T DR £ R T A S5 [ 3 5 9 2 )=y (USGS) 28 1=
FEAE Y (DEM) Edls b S iU 7T X S5 () DEM, SR J5 7l
FHFFTIX DEM$EERE200 mibE4i B iU 5t » 4
P AFEH I X 200 mrigHk B AR . H YA
H B .

DL IRES E i (SR BRI RE200  myfg 4 B 1 Tl AR
(1 TH FLHSAEArCGIS 10.0H 58 1l - DEM & 1) 43 HE %
990 m x 90 m PRI Kb o

[F i, SR 7 2543 5 (variable partition) F1[m] 5
ST T SAR. WED . MDEXT Z& U4 il
TRAT B 1) S FAN R X R 1 3 0 i = B4R )
(R RE 6T 1 L RTAZ HAF FH (Heikkinen et al., 2005; it
FrE LS8, 2011). 7 2 7 BSAERFE T Vegan i /7

B Varpartfe P 3T . BeE, SRARNE S B AR
& KUbrvEE (Akaike Information Criterion, AIC)4t i
ipus sy NEIUSY RV

T 4t i 7ER 3.03(R development Core
Team, 2013) 41 5¢ .
1.3.3 ;@ Rapoport:x N #58iF

A 3 % JH Stevens 75 (Stevens, 1989) Fl 2 Fi 2
(Letcher & Harvey, 1994)%fZsI& Wit AT 844
PPAERFAR L o0 A 58 B 72 5 75 & RapoportyZ: AT T
YOUF, Rl /R ZE I PN AT S P Fh sk 3L
R S AL E S5 R . Stevensidi AEE200 ma3Ai )
P A3 4 ol 1) 1 2oyl B G U A v TR e (] D A
TR 2 2 P K 2 75 7 FERapoportyZ I, i i Fiidi &
BEAS PR e 5 b AR, PR ek [
TR (1) A4 26 0E AR H AR, A N IEAE, B SCRE
RapoportiZ ), &z, MASZHFRapoportiZ .

— M, K R BRI AN . €47 B
H PR 24 B4 55 (Vitt & Caldwell, 2009). [At, AHF5Y
SCKR A T 5200 mERER B @17 BT
Py i3 43 ) 55 A o 7K e R A U R PR 2 12k [ U i R
VAT TCAT Bl PR Sl g A FEE A )

2 2

21 YFHZHEMENERSHIES

ZRUEPIMG . TCAT B L LA RN IX 2R A3 (R A b
F= 5 BB A AL AR o A A R (BB A Fh
BRAL), BB o> Ak J), AFLUE AR H B IR g 4 B B
e PRSP BT R R 2R v S P AR R A e
HfE441,100-1,300 mZ [A](KI1A, B); ICAT8hH X IL
AN DX R P = B VA #1553 A1 fE800-1,000 m¥)
R (KI2A, B, C, D). Witz #ifhF R
KU 53 ATk Jmy, V& AE 23 i) H I 1 700-900 m Al
1,600-2,000 m{1Jifg44 B (KI1C).

P shCodyFa £07E HRifg gk LR 9 sk, 1§
{1 %> 4ii #£.1,500-1,700 m [8] (K1D), {H€17 5h 4
CodyFE % 5 15— F+ — BRI &S, ULHICAT 34 P Fil
% FEPEAE HE4£900-1,100 mF11,900-2,100 m i HLP
UL, (HE— RIS RN, o IR
K (EI2E),
22 AREEBEXMMEEE S HIRFHRER

KLU IRIPMBBON ZR U Pl TCAT B S A
[F] X 2R s 53 1R 00 P = B U A 4 AT A S (1) S 0 f
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¥ ). HAWEDR: J)f ik (3R1), 11:81.94-98.48%
Z ), HEeih i e 2 (1),

MDE X} P i 81 ) Je FEAS [A] X 3R i 4 B A A ik
(RS g, LR R R J) 71:81.3-85.8% Z [1], 111 %
JCAT B S AN R X 28 B BRI R R 95 (7% 1)

SARX EAT Bl ) Je FLAN 7] X 28 B 4 (1) fi R )
BAR, AR P AR B4 B FEAN [R) DX 2R 800 TR A R 0 st
151 (47.50-83.65%), A X A 5 400 A<V S IX R K
X IIAARE D) B i (R L)

SRR AR G ke 45 IR B, MRS B R 2%
W (PET) BRPET? HE N 64N S BSR4 24 [ K
(PAN)IE NS/ I LA 1Y (322), 3R W1 7K 73 AT RE I 34
BERFAEZR I WA . TCAT Bl = 5 B o3 A g4k
KR T o Fe b ¥ T AR . W, KR
FRPANTEN T WM 20 ) BT A e A Y, R 1 Fi b
PETERPET?HEA T ICATSh M A S A (2),
B I P 28 s ot 7K 43 R R R85 DR 1 IR AN [R) 75K

EWEDFIMDEH Lt, SARRZ2 4 W5 15 5 4 %
LTI DX 2 By (P == 5 B 43 A0 A% S R A g )
AR 55 (59 2R 9 L) (6 1), AETHIRR IR 1 HE N 3AM
B2~ (3K2). SUbAH R, ERLIPABRARRE )

tad
(=]
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Fo 5 B (PRYEEAN T A ISR (3 2) 0 X — 25 il
W, THUBRA ) LART 322 5 BRI 53 ol A 5% i 2 0 pg A9 R TE
1T R F & AR o A A SR A B 1, 328
T E 5 FLAR PR EE R - (b dn: sk 7y BB 41L& K%
YEM, X A3 277 224 S Uk 52 (1413) .

KB oR TR T 224y B oy Ml AR . 7K 3 e
T SRR R A . TCAT Zh ) R AR IX AR
3 (R ) b = B 53 A1 AR S R S AR FH R [R) 4
H o 45 SR EL W], WEDXHCAT B AR F IS A d5e
58,(70.0%) (B 3NCAT S AR i S e 4y), TRAT B
AR 2 (52.5%) (KIBICAT B HIcA 53) « K2 EUHR AN
PR T B [ ) 45 3, Horh MDEFIWEDS I@4T
Byt A S R AR F AR (B3 Tk el 4))

FIRGE R BIWEDX Z UL AN TAT3h4) J I
ANRIX ZR 853 A == 6 BEAS R IR T e Bk
2.3 Rapoport3% N #9358 3iF

Stevens Jj A AE M0 I E IR B A AP AR
FEFE T AT R R 0 5 UE 45 SRR B, R R
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Fig. 1 Elevational patterns of species diversity of amphibians and different faunal components. Dot represents observed richness;
solid line represents the predicted richness by mid-domain effect model, while dashed lines represent the 95% confident intervals of

predicted richness.
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Fig. 2 Elevational distribution patterns of species diversity of reptiles and different faunal components. Dot represents observed
richness; solid line represents the predicted richness by mid-domain effect model, while dashed lines represent the 95% confident

intervals of predicted richness.

R FRMBRIZXRIESFE. [CITEHF S HIEE IR ERBRIBEE 5% (%)

Table 1 Percentage of variations explained by different hypotheses for the elevational species diversity patterns of amphibians and

reptiles in the Qinling Range

ES it R R Kor—fit R i rhl O A
Group Species—area relationship (SAR) Water-energy dynamics (WED) Mid-domain effect (MDE)
Witfizh Amphibian 74.56%** 94 59%** 85.76%**

ZREEF Oriental 83.65%** 81.94%*** 81.3***

]~ #i%h Widespread 47.50** 87.8%** 84.65%**
JE1TZh%) Reptiles 43.47** 97.86*** 21.49

ARGt Oriental 18.34 91.44%** 34.14

T~ il Widespread 46.66** 95,35%** 23.22

Wik A Palaearctic 0.001 08.48*** 41.39

*** P <0.001, ** P<0.01, * P < 0.05.
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#2 FILAE. RITHMREFRRRX AN BIYMEZE SR B FRIRME R
Table 2 Linear regression models for the elevational patterns of amphibians, reptiles, their different faunal components and
different factors in the Qinling Range.

Fu Akt AIC TR g ¢ )
Richness Variables Model explanation (R?, %)
WiHizh4) Amphibian Area, PET, PET?, PAN -98.12 99.05
ZR¥ESE Oriental Area, PR, PET, PET?, PAN -72.52 96.99
J~AiF Widespread PR, PAN -84.55 94.08
Je1T5h4) Reptile Area, PR, PET, PET? -80.82 99.44
RS Oriental Area, PR, PET, PET? PAN -61.12 97.55
Wb St Palaearctic Area, PR, PET, PAN —57.67 98.98
I~ 4i%h Widespread Area, PR, PET, PET? —-69.34 97.98

PET: ¥ /EZKRUR, PAN: fRIERTR; PR P00 T ) 0 b = .
PET, potential evapotranspiration; PAN, mean annual precipitation; PR, the species richness of mid-domain effect prediction.
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Fig. 3 The variation partitioning for the effects of area, water-energy and mid-domain effect on the richness of amphibians, reptiles
and their different faunal components in Qinling Range, in terms of the percentage of sum of variances explained. The components a,
b and c are the pure effects of area, water-energy, mid-domain effect, while d, e, f and g are the interaction between them. u is an
unexplained component of three variables. "™ represents different fauna components for amphibians, and R€ represents different
faunal components for reptiles.
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R3 RIREHE. BT RERRE X RS R AN SRR E FRY LR )IEE

Table 3 Linear regression models for the amphibians, reptiles, their different faunal component species range size and different

factors in the Qinling Range.

Yk Fisk Species range FER Model R fE#E )1 Model explanation (R?, %) P
p g p
FiHizh#) Amphibian R=-2.86 PAN +3,459.22 6164 5.33x10°*
R =15.64 MAT + 1,169.32 4.35 0.23
ZRVES Oriental R=-3.13 PAN + 3,342.92 66.83 2.17Xx107*
R =18.61 MAT +823.87 7.85 0.17
T~ Al Widespread R =15.99 PAN - 8,215.62 68.52 1.57x107
R =32.74 MAT +3,067.28 1.8 0.65
TE1751%) Reptile R =-1.88 PAN +2,714.46 5.4 0.22
R =-67.81 MAT + 2,137.26 81.6 1.42x107°
RS Oriental R =0.25 PAN + 850.63 0.6 0.82
R=-16.46 MAT +1,249.15 10.25 0.34
WAt Ft Palaearctic R=1.19 PAN +191.52 12.71 0.38
R=-62.29 MAT + 1,968.37 53.34 0.02
J"AiFh Widespread R =1.4 PAN + 2,480.54 0.47 0.33
R =-65.11 MAT + 2,224.88 90.57 3.47x1077
R: W) FhI; PAN: [ERT & MAT: 1R
R, species range; PAN, mean annual rainfall; MAT, mean annual temperature.
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Fig. 4 Test of Rapoport’s rule for amphibian range along the elevational gradient. (A) Steven’s method for amphibians; (B)
Cross-species method for amphibian; (C) Steven’s method for oriental; (D) Cross-species method for oriental; (E) Steven’s method

for widespread; (F) Cross-species method for widespread
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Fig. 5 Test of Rapoport’s rule for reptile range along the elevational gradients. (A) Steven’s method for reptiles; (B) Cross-species
method for reptiles; (C) Steven’s method for oriental; (D) Cross-species method for oriental; (E) Steven’s method for Palaearctic; (F)
Cross-species method for Palaearctic (G) Steven’s method for widespread; (H) Cross-species method for widespread
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Table S1  List of amphibian and reptile species and their elevational range in the Qinling Mountain Ranges

YyFh X R 4R A
Species Faunal components Elevational range (m)
ERLSIEY] Amphibain

YR Cryptobranchidae

N Andrias davidianus I AR 700-1,900
AN Hynobiidae

EREDVN Tl Pseudohynobius tsinpaensis IR 1,700-2,700

TTHE L/ P. flavomaculatus VR 1,850-2,300

U LR A Batrachuperus tibetanus J Ak 1,260-2,700
IRt Salamandridae

SC L PR Yaotriton wenxianensis RET 1,100-1,300
R} Megophryidae

Ot Ly B S s Paramegophrys oshanensis R 950-1,700

NS Megophrys minor RSt 1,400-2,100

RV ff s M. nankiangensis IR 1,600-1,850

A% L f s M. wushanensis PR 950-1,450

b 5 Oreolalax chuanbeiensis i 960-1,450

T A S Scutiger (Scutiger) ningshanensis RIS 1,250-2,550

RPN S. (Scutiger) pingwuensis pRES 2,050-2,500

JIR A0 MR ™ S. (Aelurophryne) glandulatus RSt 1,600-1,800
IRt Bufonidae

USEPN 173 Bufo gargarizans pREE 300-1,700

rhHE R R B. gargarizans J A 140-2,400

ET sy Strauchbufo raddei s 350-2,000
YR Hylidae

Z U R e Hyla tsinlingensis RIS 890-2,300
R} Ranidae

R0 Ao e Pelophylax nigromaculatus I A F 140-2,800
NXE R Dicroglossidae

el Fejervarya multistriata ARVES 140-1,200

fp L Odorrana margaretae RIS 1,000-1,300

e Sy 0. graminea RS 1,200-1,400

R Quasipaa boulengeri T AR 610-1,900

AT B AT Feirana taihangnica PREE S 500-1,700

L e F. kangxianensis RS 780-1,962
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YT %y R ST
Species Faunal components Elevational range (m)
o AT et F. quadranus I Al 500-2,200
o R b Rana chensinensis I A F 450-2,500
A Amolops chunganensis RIEF 670-1,200
DY) e A. mantzorum KRR 1,100-2,250
WA} Rhacophoridae
B B e Polypedates megacephalus RIS 600-1,200
Wit Microhylidae
A HE L ek Microhyla mixtata T AR 610-1,700
MRECIE i M. fissipes RIS 140-1,650
0 e M. pulchra RIS 550-750
Jeor e mid Kaloula borealis A Al 450-860
VY )11 e K. rugifera RIS 950-1,600
eAT 54 Reptile
fafkt Testubinidae
e Chinemys reevesil i 450-1,550
R Trionychidae
[ Trionyx sinensis I A F 450-1,500
1L B T. steindachneri i 500-600
Ve Scincidae
WRA kT Eumeces elegans A 700-900
T E AT E. chinensis RS 2,110-2,310
wWEA e T E. xanthi ] AiF 640-1,900
ZEU4 Vg Leiolopisma tsinlingensis I A F 890-2,100
] I Sphenomorphus indicus RIEF 450-1,900
I BAF R ™ Eremias argus 300-1,100
Je Takydromus septentrionalis 450-2,100
e Agamidae
[Ee 4 Japalura splendida KT 450-900
LX) J. flaviceps RIS 450-900
KA T Japalura micangshanensis RIS 760-1,300
BE LR Gekkonidae
EZJR Gekko japonicus RS 400-1,400
TCBERE R G. swinhonis i 300-1,400
FNEL G. taibaiensis RES 900-1,600
R} Viperidae
PN Azemiop feae KRR 980-1,700
b 2" Gloydius brevicaudus J A 850-2,590
H i G. intermedius [ 500-1,894
T BRI G. strauchi I A F 890-2,800
<3735 Ovophis monticola PRES S 1,150-2,000
AL TP ki Protobothrops jerdonii A 800-2,500
(e Trimeresurus stejnegeri A 600-2,300
Wl Colubridae
AT Achalinus spinalis RIS 450-1,900
Gigsd ik Amphiesma craspedogaster RIEF 650-1,700
PRy L A. sauteri RS 650-1,100
KACARIE" Boiga kraepelini KRR 700-900
HOFE ™ Coluber spinalis et 430-1,300

HE I Cyclophiops major A 450-1,700
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L/ X R By RS A
Species Faunal components Elevational range (m)

i Dinodon rufozonatum A 300-1,700
+ g Elaphe carinata I~ A 450-1,800
SE-Silna E. dione B 300-1,500
R E. mandarian T A F 300-1,550
SR E. porphyracea RIS 600-1,700
e E. taeniura I A F 450-1,700
A R A e E. schrenckii RS 300-900
e g™ E. davidi wAeSt 850-900
BT e E. bimaculate ) AR 500-1,200
B AR Lycodon ruhslratilyoo PR 1,100-1,450
PI SN o L. fasciatus A Al 650-1,700
TR kg Oligodon ningshanensis RIS 1,400-1,650
[ S UDN O. multizonatum RIS 790-1,350
AR SR ™ Plagiopholis styani RIS 500-700
RHR o g™ Pseudoxenodon macrops I AR 600-2,000
ST g Rhabdophis nuchalis i 600-2,000
JRBE A R. tigrina RS 300-1,900
/il [ Sibynophis chinensis A 610-1,400
ERCSdi Sinonnatrix percarinate RIS 450-1,700
AN SR Trachischium tenuiceps RIS 600-800
1 e Zaocys dhumnades A Al 450-1,800

s T30k, "k A 4EE * from literature, * from author .
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