;M ¥ W R 2012, Aug. 33(4): 343-353 CN 53-1040/Q ISSN 0254-5853
Zoological Research DOI: 10.3724/SP.J.1141.2012.04343

PEMREHFEEEHIERERESESE XA
ROk % B0 MEk! BEL RER Txml

(1. EBREG AT T, DU SR 610041; 2. ERF2BEHIFERE, dbat 100049; 3. 1 BGZiIAEYIE, )00 BT 530023)

FEE: WM EE PR R R R A SR A s B T B H AR — . RSB R Rl 2w P
KR R 32 B 32 9eiE » %30T 100 km X 100 km 25 0] -9 R0 50 o [E g 2y 22 & B G OB A A =, o
SEA A S B UG R e I AR SRR 3 o 1T 70R FH R AhAR R VA IR I TR ) S B, JF RAESRT
HEATZ JCRA AT, S5REY: (1) PEREYFEEEAES. GE LEMBENMI, W s X
P FARFER T . oy, 5 ERR AL T35 R b BRGS0 T J5 . PRI T D B R BH A 1 iR
25 (2) ZInFEIASHTREMRE 56.5%Mke MM ARk, AT ee W Rr 3= & JER R I R 12 )3 —
IR, BRA SRR REMERZ. (3) BRI RER, LGRS, P<0.05 KR (0—iEp
et BATROKEREERZE) AR R MR = & A R I SRR . X UL e S Rh 3= & TS R
A FESHETFILFMERNL R LT b Eie P 5 A R R R e, &S0 A 250t
T, FEMASB UL R MR TR RIS S R, FEAEAS R 28 18] R et e 2 b = R B AR SR AT
ZEL TR

KEEIR: AR ESBUG YIRS, SRR, ReRARULG RS R
PESES: Ql4 MEFRERD: A MERS: 0254-5853-(2012)04-0343-11

Geographic patterns and ecological factors correlates of
snake species richness in China

CAI Bo'?, HUANG Yong *, CHEN Yue-Ying ', HU Jun-Hua ', GUO Xian-Guang ',
WANG Yue-Zhao '

(1. Chengdu Institute of Biology, the Chinese Academy of Science, Chengdu 610041, China; 2. Graduate School of Chinese Academy of Science, Beijing
100049, China; 3. Guangxi Botanical Garden of Medicinal Plants, Nanning 530023, China)

Abstract: Understanding large-scale geographic patterns of species richness as well its underlying mechanisms are
among the most significant objectives of macroecology and biogeography. The ecological hypothesis is one of the most
accepted explanations of this mechanism. Here, we studied the geographic patterns of snakes and investigated the
relationships between species richness and ecological factors in China at a spatial resolution of 100 kmx100 km. We
obtained the eigenvector-based spatial filters by Principal Coordinates Neighbor Matrices, and then analyzed ecological
factors by multiple regression analysis. The results indicated several things: (1) species richness of snakes showed
multi-peak patterns along both the latitudinal and longitudinal gradient. The areas of highest richness of snake are tropics
and subtropical areas of Oriental realm in China while the areas of lowest richness are Qinghai-Tibet Plateau, the
grasslands and deserts in northern China, Yangtze-Huai Plain, Two-lake Plain, and the Poyang-lake Plain; (2) results of
multiple regression analysis explained a total of 56.5% variance in snake richness. Among ecological factors used to
explore the species richness patterns, we found the best factors were the normalized difference vegetation index,
precipitation in the coldest quarter and temperature annual range ; (3) our results indicated that the model based on the
significant variables that (P<0.05) uses a combination of normalized difference vegetation index, precipitation of coldest
quarterand temperature annual range is the most parsimonious model for explaining the mechanism of snake richness in
China. This finding demonstrates that different ecological factors work together to affect the geographic distribution of
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snakes in China. Studying the mechanisms that underlie these geographic patterns are complex, so we must carefully
consider the choice of impact-factors and the influence of human activities.

Key words: Macroecology; Ecological hypothesis; Biogeography; Spatial distribution patterns; Energy hypothesis;

Habitat heterogeneity hypothesis

WP R R B B J R Ll R e AR S
7 A gy f B 2 BIE 5 ) EE 22 H BR 22— (Gaston,
2000). H i AT 2 M E UL R M = R 1 A% )
HIHE ML H(Currie, 1991; Gaston, 2000; Hawkins et
al, 2003a,b; Rahbek, 2005), H:A, 2372 KA 1
2B (ecological hypothesis) == B A0 $5 42 77 )i
Vi (productivity hypothesis). A3 fg &8 Ui (ambient
energy hypothesis). FE¥% ZMHE Ui (freezing tolerance
hypothesis) . 7K ¢ 2l 2 i Ui (water-energy dynamic
hypothesis) & 42 53 5 5 1 i i (habitat heterogeneity
hypothesis)(Gaston, 2000; Terribile et al, 2009). 4=~
JIHE A BE B BN E& iy T — AN HB X 1R ) 42
A=), SR BN B IR RE R N, IR
UE T 2 ANRRIAEE, M $E & T PR 2 6 %
(Currie et al, 2004; Hawkins et al, 2003a, b; Wang et
al, 2009; Wright, 1983); M5 e Ui Ay FABE RE
T LR W A ) A A ) AR B AL, NI S e
T3 3k Ty sE ) AP & B2 ( Currie, 1991; Huang et
al, 2011; Turner, 2004; Turner et al, 1987; Wang et al,
2009); &4 TR BNk 2 B b IR 52 B e 21K
U 252 5 T AN BEAE BV R i X A2 A7 (Currie et al,
2004; Hawkins, 2001; Hawkins et al, 2003a; Wang et
al, 2009); ZKHEBNA B HE T 7K 70 3 A e B A ]
R, Ak A 22 R (R DR RS 0 AT A JR) E
JKEBh A Y %2 ( Hawkins et al, 2003a; O'Brien, 1993;
Wang et al, 2009); A=355857 TR By P B 7 5l
YR T I E R TR RN, TR 2,
) S TR R, NEBE R R, e
FEI PRI £ % ( Cox & Moore, 2010 ; Jiang et al,
1997; Kerr & Packer, 1997; Pianka, 1966). {H K%
Z (WWFFE B P b 3= R b BEAS S 1) T8 b AR
ok, AR B — AN E UL K RS (Currie, 1991;
Hawkins et al, 2003a; Rahbek, 2005).

of [ g R, s EGE AR S R KB IX
Fo B AMG LR R AE L ST A, R B
PP AEHe 5 7 e B e, A DX I Ayt B A IS 5
AR, FURZFE, YA (RFEIER) 2 1% 3 F (Zhang,

1999). #1k 2012 4 2 H, FEEEA ki ~222
( Gong et al, 2010; Guo et al, 2008; Guo & Wang,
2011; Guo et al, 2011; Huang et al, 2012; Jiang &
Zhao, 2009; Luo et al, 2010; Malhotra et al, 2011; Rao
& Zhao, 2005; Vogel & David, 2010; Vogel & Luo,
2011; Yang et al, 2011a, b; Zhang et al, 2011a; Zhang
et al, 2011b; Zhao, 2006; Zhao & Adler, 1993), £y
A Bk KW R B 7%  (http://www.reptile
-database.org). KT [E KPR Z AL, BAE =T
R QL) Pt Ac s, HoAais R 5AES
PR AR MIAE 20 tHEZE 80 AFEATFAG 32 F9GTE (Shen,
1985) 0 JRUEAE—LE I IICAT B4 (1) 73 Ak Sy 5
W, AH TR O RS A T [ DX e 2 A A% S
AR ST, X 52 T BAT i A Rr gE AL b A7 AR
ANAHFR o

ANTRIZERED AN BATAN ) (0 2 B, 3 AN [+]
MR B, T AT A% R S 3L BT B AT i AN TR
(Gaston, 2000; Lin et al, 2009), $FHI7EAERA AR
AT EC, R TR KRR R 2 R o A
RS SR AN, DR T A9 2 R OR
1o DI, ARSORA i B SR A = R A b
Ja RSN 2R, a5 AR A B B A,
KL R R IR AR K -

1 MRFAE

L1 FEE
PL € AT 3 W) % ¥5 B (http://www.reptile-
database.org)Fl P [EIEIE) (Zhao, 2006)1] 73K RS
AR, AR b e R R R, AFERE
M e g, RN SRS . BdE EEORIE T P
Bl Bt I RIEAT B4R AT [Museum of Herpetology,
Chengdu Institute of Biology (CIB), Chinese Academy
of Sciences], LA EZhP- Atk H - v H ). (
P e 2R )RR DUR 4% & A FF R R I STk,
(Zootaxa)~ {Bonn Zoological Bulletin) « {Asian
Herpetological Research) ~  {PIRNICAT BN #4R )
GhPrEisid s KUNBD . S 2K54k) 4.
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Fig. 1

Raw sample point of snakes based on museum collections and published literature

& AL T Alberts Equal-Area Conic Projection (RUbRUEZ£5: N25°F N47°, 28 E105°).
The map used an Alberts Equal-Area Conic Projection (at the standard parallels of N25°and N47°, central meridian of E105°).

1.2 HSHE

AHFFIERH] 31 AMESE AR ARG ),
HEETAESBK I 5 A A/ .
REm Bl T8V B UL 7K REZN AR Ui A AR 855
JEPEAR U (Currie, 1991; Hawkins et al, 2003a; Kerr &
Packer, 1997; Terribile et al, 2009; Wang et al, 2009),
EER ALt PSR I

A2 7 B — M FH 5K B 28 IS (mean annual
actual evapotranspiration, AET) (Currie & Paquin,
1987; Huang et al, 2011) Fl U4 — 1k 48 #% 45 %
(normalized difference vegetation index, NDVI)
(Evans et al, 2006; Huang et al, 2011)ffif & . AET %%
()73 #8524 307, Hi KT http://www.grid.unep.ch/
data/grid/gnv183.html. NDVI $4 K [ 1998—2008
E, AW HEEN 1 km?, KT http://westde.
westgis.ac.cn.

A5 R B AR DR T I S S AR S FE b5 5 (Currie,

1991; Huang et al, 2011; Turner et al, 1987; Wang et
al, 2009). A K H & ¥ ik (C)@annual mean
temperature, Tmean)~ il P (°C) (isothermality, ISO)-.
W EEZET AR 4L (°C) (temperature seasonality, TS)
X% (m/s)(mean annual wind, WIND)ff &, H
Tean~ 1SO- TS dfi ok H 1961—1990 4, ¥ [H) 43 #
N 30"(~1 km’), KIET http://www.worldclim.
org. WIND 3K [ 1981—1996 4, #5823 #4% k) 500
m?, >KJ5T http://www.geodata.cn/Portal.

FEVS LM AR U 52 21 deve H iR Bk
g AU U 55 0 g I UL AH O Fi A ok 7 B (Hawkins,
2001; Hawkins et al, 2003a; Wang et al, 2009), X [XI
ARG (1) i 52 BE ) 52 P b 34 558 ek B S FEAZ A
Som, PR, TR) IS R AR BRI R i 2
febr kA & (Ricklefs & Schluter, 1993; Wiens &
Donoghue, 2004). A K H 4 & mi (°C)(mean
annual highest temperature, Thay)s FHAKIHL(T)
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Tab.1 Tested ecological factors associated with the five hypotheses

425 B ) Ecological hypothesis

447 Ecological factors

A Iy

Productivity hypothesis
SR BEAE A B

Ambient energy hypothesis

Freezing tolerance hypothesis

é i/}j IPJJ-EIU‘( uc ) (TwetQmean) > g—i
(C)( TWarmQpean)~ F#dZE('C) (TAR). H#ZE('C) (TDR)

PR B (mm/y)(AET) JH— LA e S (VD VD)

EYJRCC) (Tmean)~ S YE (1SO). MR SEETTVEAR(TS) KIH (m/s)(WIND)

SRR CC) (D) AFBARIRCC) (i) 37> HIFHR(CC) (TCMmean) I FR T IR(C) (TWMnean) ]
FELE(C) (TDQuean)» I T (CT) (TCQuean) I T Yl

SERIILCC) (Timean)~ L PR ZEHUE (mm/a)(AET) ¥ EZE B (mm/a)(PET)~ “FRF7/K i (mm/a)(4P)~ el H %

IKRESh A
Water-energy dynamic hypothesis

M (mm/a)(PWM) « i 5 /] B & (mm/a) (PDM) . 755 1 B /K & (mm/a) (PS) . i W] 2= B& K &
(mm/a)(PWetQ) ~ 15 5 2= [# /K & (mm/a)(PDQ) « #5425 [ /K i (mm/a)(PCQ) # #4 2= B /K & (mm/a)

(PWarmQ). HIXHESE (%) (REH)~ 135 K E (mm/a)(WD)

A5 SR A
Habitat heterogeneity hypothesis

- HE 2 R E(LUCC) “EBFIR(ELE mean)~ 5 VR (ELEmay) 5K I39K (ELEoyin)

(mean annual lowest temperature, Tpin)~ 542 H 2
("C)(temperature of coldest month, TCM eqn)~ 2 #44 H
)3 (°C)(temperature of warmest month, 7WMncan)-
I 2= 4)3E(°C )(mean temperature of wettest quarter,
TWetQuean)~ 357243 (°C)(mean temperature of
driest quarter, TDQuean)~ 3% ¥ 2% 3 (°C )(mean
temperature of coldest quarter, TCQuean)~ A=)
( C )(mean
TWarmQpean)~ “F¥i 25 (°C )(temperature annual range,
TAR). H i % (°C)[mean diurnal range-mean of
monthly (max temp-min temp), TDR]fj &, X% Hs
KA 1961—1990 4, ZEMIZHEA 30"(~1 km?),
KR T http://www.worldclim.org .

TK RE B AR A 2 T 7K 20 0 A= W e = A H ik
FEHIFEm, AR AW 22 R4 R R OBE 20 A A Jm) HH 7K R
FFAYE, WEHZERE. BE. BKEREEAHE
B by ok M7 7 (Hawkins et al, 2003a; Wang et al,
2009) . A SR HAE#41 ('C )(mean annual temperature,
Tinean)~ SR 28 BB (mm/y)(actual evapotranspiration,
AET) #7E 25 il (mm/a)(potential evapotranspiration,
PET). 4% /K & (mm/a)(mean annual precipitation,
AP). 3 H B W & (mm/a)(precipitation of wettest
month, PWM). #zF H F4 N = (mm/a)(precipitation of
driest month, PDM) . Z& i % B¥ /K & (mm/a)
[precipitation seasonality (coefficient of wvariation),
PS]. #5325 B 7K 5 (mm/a)(precipitation of wettest
quarter, PWetQ). H: 5 Z=fF7K & (mm/a) (precipitation
quarter, PDQ) . i ¥ ZF [ K =
(mm/a)(precipitation of coldest quarter, PCQ). F#Z=

temperature of warmest quarter,

of driest

[% /K & (mm/a)(precipitation of warmest quarter,
PWarmQ). AHXVESE (%) (relative humidity, REH)-
TV R # (mm/a)(wet-days, Number days with>0.1
mm rain per month, WD)ffii & . 2ot PET 177 ] 73 #¥
F Jy 30, K Y& T http://www.grid.unep.ch/data/
grid/gnv183.html. 4P. PWM. PDM. PS. PWetQ.
PDQ. PCQ. PWarmQ #(#ik H 1961—1990 4F, 7%
] 43 B %k 30"(~1 km?), KU T http://www.
worldclim.org. REH. WD %#&3K 1 1961—1990 4,
IE 3 HERhy 10, KT http:/www.geodata.cn/
Portal,

A0 e PR AR U H A B S R B W AR TR A
flif & (Currie, 1991; Huang et al, 2011; Kerr & Packer,
1997) 0 ASCR ARSI 11 -+ b7 55 25 8440 (land
use and land cover change, LUCC). *}-¥4Jif§#k (mean
elevation, ELEean)s ¢ 1K (maximum elevation,
ELE 0x)~ 344 (minimum elevation, ELE ;). ¥
PEHE R IE http://eros.usgs.gov, ZS [0 53 HEF Ky 307,
HEL A SIS TR A SR [ oK AR B B e Dl b [
VU A B A A RE 5 B 0 http:/westde.
westgis.ac.cn, 2@ FFE N 1 km®.

1.3 SFitoth

AN 2% 1) RS BTN DA o3 A b Ja IR AT
HE 52N (He & Legendre, 1996; Willis & Whittaker,
2002). Ay T BR S A RS BRTRAS PR 23 A1 i R 1)
SN, ABIFFORE P E E 51232 100 km X 100 km ()
% R Zi(Huang et al, 2011); 4 T B 1L s £ fik
T X AN GE M AS S JE SR gt b, LR T AR
SEHEMAE TR 75% M (Huang et al, 2011); AT
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B8 B U552 (Connor & McCoy, 2001; Schall &
Pianka, 1978), 2:F% Jr A &5 A% . A B 50 F H
ArcGIS HAFH i Wy o An Kot 2 B P
Arc/Info HH& I, 7 — 0 oA AR A <1,
TCHE Ao AT S A <07, SRJG ST EY)
Tl E) A A% B DA A S b = AR Ry, B e AR N
Alberts Equal-Area Conic Projection (XU £ £k :

N25°FI1 N47°, HHRZ [ E105°). [, Fifg A4
THEELEFEN 100 km X 100 km FEHEBUE .
T AR S PR ) (R A DGk 25 45 5 46 22 oo [ml )H
AT RN 22, BRI 2 R n] REE R AT OC R AU
(1A &I H A 22 A — MR AR K (Huang et
al, 2011). T/2&, 7& SPSS #AFrhX A KA TN
IR AT G, A R E<0.7 AL & (K 2).

F2 HEBEFHIEXIERE (r<0.7)

Tab. 2 Correlation matrix of ecological factors (r <0.7)

ELEmin WIND ISO TAR PS PCQ NDVI

ELEmin 1 0.137%* 0.611%** -0.089** 0.431%* -0.390%** -0.555%*

WIND 1 -0.224%* 0.497%%* 0.346** -0.284%** -0.483**

1SO -0.518** 0.283%* -0.188** -0.112%*

TAR 1 0.357** -0.546%* -0.510%*

PS 1 -0.675%* -0.406**

PCQ 1 0.644%*
NDVI 1

#k: FHIMEAE 0.01 /KT 23 (AR). Correlation is significant at the 0.01 level (2-tailed).
*: FHICHEZE 0.05 /KT 2 (XUE). Correlation is significant at the 0.05 level (2-tailed).

il 4 M /6 SAM v4.0 (Spatial Analysis in
Macroecology, http://www.ecoevol.ufg.br/sam)
(Rangel et al, 2006, 2010)4KFH 5E . A T BR[|

B = W] B ARG, AWFFUR M AR ELI%(PCNM,

principal coordinates neighbor matrices)$k 33 T4
AEAH ) 25 35k B i (eigenvector-based  filters) 5 4224
Kl F— i AT 2 a [R5 B, %07V Re A AR
JA%% 22 2% 1] [ A 2%(Diniz-Filho & Bini, 2005). A&
IR B) FAH G, A SOk #d /MR 72 1) Moran’s [
B (1) 4% 48k S0 (filters)(Diniz-Filho & Bini, 2005),
KL RSN A% Z s HREA . Moran’s I 454
BUEVE I -1~1, “—17 ERAG R EL 0 57725 1) 1F AH
K, “07 BEURETLAHIGNE, “17 BWRAELEREIT
IEAE ) B A G . %2 To bl BT A T 5 ) IR %, 2
B =B 4l AN AEZS A7 (predictors only). X7
W(filters only). P2 (2L A ¥ 15350 (predictors+
filters).
h TRV 5 ARG b [E e Sy == 40 A1
M R R RERE S, ANBIF U0 BB 06 25 1 A 7 o
K A HIAR R 43 AT 22 Jo Rl 23 A, [R) I ) 3
IPANRA R RIB GG R), /MNES
AR (Z Ja [R50 BT P<0.05 IR &) SR FAEAR K
N TS R iR A5 S PR DU (AT Co) R A et TR 405 T
PR e/ AICe fH R 2 g 5] 2 st S 7% 18

PRSI, A AR gt v i 22 FHORG J32 2 TR) e LA )
AT (Burnham & Anderson, 1998). 47T F Y i)
AlCc fH#RARBAT I, P G L R A s AT 2 722
(AAICC)fiy A KA B2 - AAICe /]S, BB
ROBAT s R . Y, HAAICe<2 I, Hdliig )
SCRRZAAL M A<AAICe<T W, #dli— e f K
FRZIERL, MAAICe>10 B, B A SRRz,
i FH R A T (Akaike  weights, wi)fiti vl FRR L 11y
KR iR e TR 3k $F A B € P (Burnham &
Anderson, 1998),

2 4 R

2.1 YHESEHIEERE

b ] 2 m) DL e [ s S A i = A S X A A
Wi ke 30 m0g . Ik K2 —AR Ll ik
TR IR AR F 2 R K ek R A S
AT FIEHLX), BAAAE T I ik /D 2%zzil
RV R LKV 5655 . o e R b= 5 2T
ANBf 24 5 T s i SR PRI, TR AR N22°~28° i
e, 7R N28°~37°BH 4 i Tt iy i i # BRAR, 7~
N37°6 —/MES (B 3A); 4 E75°~90°4tb AN K,
& E90°~110°kH 4 & Tt mifi B F+, 7 E110°~
128°FtA5 &8 FE Tt i FRAR, 76 E128°Z JGbiAG 48
T B, FE R EEA T ~EL110°4 (&
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Fig. 2 Grid map of snake species richness patterns in China at 100 km spatial resolution
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WFhE Species richness

22 YMHEEEHEBIERESETEFHXER

N4 EE V23 BT 7R B 2 (truncation distance)
N 142.265 km. ZEFER/NEZER] Moran’s T 551
ISR S A A R AR T AR, R
THER T ] FAHOCE(E 4).

* Wyfh=E ¥ Species richness

) \’\"‘\»_\ + [A]J4%% 2 Residuals of regression

W
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2K g Distance class
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w
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Fig. 4 Moran’s / correlogram for snake species richness
and the residuals of multiple regression with
ecological predictors

A6fF ) 2% )R AR ASE 2R ) 22 6 R )3 43 AT B
Bl KW P B RAR 56.5% K148 £k (7=0.565;
F=66.86; P=0), {{AEEFFMHRET 39.9%, {7
fERET 8.6%, Wi (AR 7 F )3t M g ke T
8.1%. fEFTHEARTF, H— R s Eor
Z5 B K o S [ e SR A R K R T
HE3 5 ke Ry F 5 S IEARK, il 2
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JE RGN RS R RO R T, S e
FYPh A E R ALK 3).
2.3 HEEFRIRIMEEEEREOME

LT AR RN WA RE BT, NRS
FERY (L e IRl 20 H b P<0.05 178 B AAIC A,
IRMBCE R 13K 4), SEfRsh B ke RYmh =+ Bk
JR AR o FUABAR R (I KRS B, Al
FERE . A . SR B R R . T 2L
B KREBISML) AAICe #4>10, R E I
TR,

* 3 HEREYHMFEFEESESEFNE TEEFSH
Tab. 3 Snake richness regressed against environmental
variables in China

AN T

Ecological factors b ! P
AR K PCQ 0.098 8.915 <0.001
A 4R 2 NDVI 10.934 3.345 <0.001
AFIRZE TAR -0.171 -2.557 0.011
Z= Pk R K PS 0.027 1.437 0.151
FARHFIR ELE min <0.001 -0.907 0.365
JAj# WIND -0.161 —0.385 0.700
S 1SO -0.015 -0.216 0.829

b: HZPHJFER %L The linear regression coefficients.

KRR IRFHE T AR PEVE T /AT 25 58 (. (Filters obtained by Principal
Coordinates Neighbor Matrices are not shown) (1‘2:0.565, F(17.874=66.86,
P=0).

t: HZPA t K15 AH. The linear regression t-test values.

304 i

3.1 HERERYFHESEHERS

YA A E R A R ) S T PR R AR (Gaston,
2000), SRS AEI S E DX e SR R
e [P DX AR AR R A . FAGT R, e Gl
fik~ REWT LK R R RIS TR VT (S AR
WL ) K —RR bk 75 78 J 2R e R 4
=K EL (B 2). IXEeHh[X 35 K 7 X, Hr
Bl =P & i R 2m X (B 5)
SRS NAMETT R R s X O EL K
AN L TR LB G A (] 2), XL X )3
[FRE AR X, SAby X A — (A FR . 4R
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Tab.4 Summary of the model selection approach based on AICc w; was the Akaike weight (K was the number
of variables of the model, not including intercept)

AR

» Al K ,
Ecological hypothesis Ce AAICe W
-VELAS K R
)\/E B 0.57 6085.32 40.89 31 0.00
Big mixed model
e s EL 1
| EBCTRIERE 0.56 6084.68 40.26 4 0.00
Habitat heterogeneity hypothesis
EOBB 0.56 6069.74 2531 2 0.00
Productivity hypothesis
A Jis el L A1
ABEfEREs 0.56 6069.61 25.18 4 0.00
Ambient energy hypothesis
FEVA 2L 3
IR R B . 0.57 6065.40 20.97 10 0.00
Freezing tolerance hypothesis
b g A fHT
K ”brj]wﬂj).(ﬁ . 0.56 6064.55 20.12 13 0.00
Water-energy dynamic hypothesis
MR AR
Small mixed model based on the significant 0.57 6044.43 0.00 3 1.00

variables (P<0.05) from the multiple regression
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¥ )& T e B i (energy hypothesis), %15 A A<
A RE B A AE VIR 42 T 2 ERE B R, fee

RR I S BOTERF YR E E R (Hawkins et al,

2003a; von Humboldt, 1808), Hawkins et al (2003a)
WF U4 L A 4R AR A5 2R i B 4 b iR R
J5£ “F & BEA% =), Guisan & Hofer (2003) A 45 )
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T8 A3 0] 43 Ak ] (Kiester, 1971; Rodriguez et al,
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SZFrgE Rt (Huang et al, 2011; Qian et al 2007;
Shen, 1985), A MR AR ViL(Fu et al, 2007;
Qian et al, 2007; Wang, 2004).
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A A T AR A 2 7 ) R A A ) S W T (] %
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PR R 56.5% 101K, Wi 43.5% AN BEMF
R HE R EERIAE LA =AN 71 .

e, ST ESR TR . AR

b, NTR B B R e A AR RE T L e AR R A R,
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P o s . IR 2 AEW 72 X REY), %
R 2 1) 55 1 R (Allen et al, 2007; Wang et al,
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2000; Lii & Fu, 2001), BIXFHH0 2 FEPES> Ak SR 1)
SCRFRE, AR5 25 BSR40 AT =) 1Y) % B (Hawkins
etal, 2003a). Hu et al (2005)7#T T AEFA I SR %)
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