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Abstract: How large-scale patterns of species diversity emerge is a central yet controversial issue in ecology
and biogeography. Despite the long history of studies the mechanisms driving species diversity patterns in
space remain poorly known. Using distribution data of all gymnosperm species in China, we assessed the
influence of environmental factors on spatial patterns of species diversity in China. Further, we evaluated the
proportion of gymnosperms in local floras. We found that species diversity of gymnosperms decreases along
a south—north axis. Hengduan Mountains, with the highest species diversity, is a hotspot of gymnosperms.
Species diversity patterns differ significantly between the gymnosperm subclasses. In particular, the species
diversity pattern of Pinidae is similar to that of all species combined, while the species diversity of Gnetidae
is highest in the drylands of northwestern China. In contrast, Cycadidae is restricted to southern China.
Environmental heterogeneity and precipitation are the best predictors of species diversity patterns of all
gymnosperms combined, followed by temperature anomaly since the Last Glacial Maximum (LGM), elevational
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range and energy. That different factors predict species diversity patterns of different gymnosperm
subclasses, may reflect the differences in their evolutionary history and physiological adaptions. The ratio of
gymnosperm to angiosperm species diversity is lower in the warm and humid eastern and southern parts of
China, and increases towards the drylands in western and northern parts. Environmental energy and precipitation
were good predictors of the ratio of gymnosperms to angiosperms. Specifically, the ratio decreases with
increase of energy and decrease of precipitation suggesting that angiosperms may have stronger competitive
ability in warm and humid regions while gymnosperms adapt better to dry and cold environments.

Key words: Pinidae; Gnetidae; Cycadidae; contemporary climate hypothesis; past climate change; species
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Fig. 1 Species diversity patterns of gymnosperms in China. (a) Species diversity of all gymnosperms; (b) Ratio of gymnosperms to
angiosperms; (c) Species diversity of Pinidae; (d) Ratio of Pinidae to all gymnosperms; (e) Species diversity of Gnetidae; (f) Ratio of
Gnetidae to all gymnosperms; (g) Species diversity of Cycadidae; (h) Ratio of Cycadidae to all gymnosperms.
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Fig. 2 Species diversity patterns of gymnosperms in China. (a) Pinaceae; (b) Cupressaceae; (c) Podocarpaceae; (d) Taxaceae; (e)
Ephedraceae; (f) Gnetaceae.

#1 HEEBRFEDEIFRERFNIM S MR TFEYSHFEMLE S SMER FR 2R ZEHEXXRR)
Table 1 Bivariate correlations (R) between species diversity of all gymnosperm species, species diversity of gymnosperms in dif-
ferent clades, ratio of all gymnosperms to angiosperms and environmental determinants in China

B AHEAI ELA FARANEAN SEIRRERIEAN JREREN A% GieEa) DURAR AEER BRERE SREREER

Environmental gymno-  Ratio Pinidae  Gnetidae Cycadidae Pinaceae Cupres-  Podocar- Taxaceae Ephed- Gnetaceae
determinants  sperms saceae paceae raceae

MAT 0.278*  -0.826* 0.501*  -0.266* 0.455* 0.115 0.376* 0.421* 0.352* -0.198*  0.342*
MTCQ 0.338*  -0.805* 0.504*  -0.378* 0.535* 0.207* 0.417* 0.476* 0.366* -0.397*  0.394*
wi 0.232 -0.790* 0.429*  -0.191* 0.467* 0.024 0.277* 0.429* 0.230* -0.084 0.346*
PET 0.212 -0.778* 0.426* -0.182* 0.426* 0.007 0.274* 0.395* 0.233* -0.076 0.274*
MAP 0.478*  -0.706* 0.615*  -0.423* 0.044 0.365* 0.449* 0.286* 0.313* -0.520*  0.105
PCQ 0.331*  -0.117* 0.416* -0.288* -0.169*  0.113 0.323* 0.087 0.303* -0.291*  -0.117*
Ml 0.491*  -0.469* 0.617*  -0.465* -0.222*  0.529* 0.485* 0.028 0.230* -0.467*  -0.132*
AET 0.391*  -0.748* 0.555*  -0.459* 0.403* 0.336* 0.350* 0.392* 0.246* -0.547*  0.291*
ER 0.484*  0.080 0.333*  0.006 -0.164*  0.335* 0.321* 0.066 0.187* 0.012 -0.088
TR 0.462*  0.089 0.313*  -0.015 -0.140*  0.334* 0.306* 0.071 0.163* -0.014 -0.067
PR 0.556*  -0.431* 0.614* -0.228* 0.092 0.412* 0.486* 0.068 0.166* -0.185*  -0.139*
MATano -0.400* 0.517*  -0.407* 0.047 -0.546*  -0.042 -0.399* -0.551* -0.376* -0.120*  -0.451*
MAPano 0.001 -0.099  0.020 -0.033 0.170* -0.079* -0.112*  0.501* -0.113*  0.132* 0.192*

* P <0.05. MAT: 4E3Jifi; MTCQ: BAZEiR; W IRBEIREG PET: MR, MAP: F[#/K; PCQ: RAZEREIK; MI: IRIEHEE; AET: PR Z8HUR;
ER: il 2, TR: SERR AR R, PR: ERR/K 23 A48 57, MATano: R IRk ASKAE B ARk, MAPano: AR vk ] SR EERR KB 1k

MAT, Mean annual temperature; MTCQ, Mean temperature of coldest month; WI, Warmth index; PET, Potential evapotranspiration; MAP, Annual
precipitation; PCQ, Precipitation of coldest month; MI, Moist index; AET, Actual evapotranspiration; ER, Elevational range; TR, Environmental
heterogeneity of temperature; PR, Environmental heterogeneity of precipitation; MATano, Temperature anomaly since the Last Glacial Maximum;
MAPano, Precipitation anomaly since the Last Glacial Maximum.
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(LFAAAEEN o LA 22 AR5 B AR UK BT DA
R oK AR Ak 2 A A B PR IR R - S 25 AH 5% (P < 0.05) .
B 5 R UK A LR R AR (r = -0.407) 2 7FH 5%
Gb, SHABARERIEM G, K 58EERr =
0.617). “FIIEREIK (r = 0.615) FEFFIK 4% 6] A8 S (r =
0.614). SLPRZEHLE(r = 0.555) M i it . MRS
R HREK (r = 0.365) FEIETEE(r = 0.529). SLfR
ZABE(r = 0.336). Wk Z(r = 0.333), FEHRA
[ AZ 5 (r = 0.334) KA F(r = 0.412) £ &
FIEAR(P < 0.05), HRIKRIKIALSKEE KB (r =
—0.079) & B E UM (P < 0.05). AHFHG AR UK LA
SRAWA KB 2 B AR, 5HALTA TSR
R4 0 3 IEAR R (P < 0.05), e 5K a3 (A48
F#(r = 0.486). #iE4EH(r = 0.485) FIAFE~F- I /K (r =
0.449) )R R f ok B DUAFHSIRIEIEE. & ZE
B 7K B 3AN A S o 1 TR 7 T B 35 A %, 5 At [
T EFEAHK(P < 0.05), HA 5 ARRIKILLRSIRAR
R AR, 5HABE 72 IEMR, HERKK
WIS IR (r = —0.551). [A/KAR4L(r = 0.501)
MR =i (r = 0.47T6)AH MR LA R 5 42
BT F A DG (P < 0.05), 5 AR UK A<
TR (r = —0.376) 1% KA (r = —-0.113) 2 FAH K
bb, HHAMAR R R IR, HSRIRUKIA LR SR
Ak (r = =0.376) A Z= 4 (r = 0.366) FI4E 16 (r
= 0.352) K Rt

(2) LRI V2N . H AP Z AR Re s ANK 43 ]
+ IR IR 7 8] A% S 45 Wi 2 RUAH G (P < 0.05) . H
H, WIEh 2RI SIRIEFEE(r = -0.465). SLPRARHK
F(r = -0.459). fE[FIK(r = —0.423) I HH M ok o
JREERIFP 22 K 1 5 BRIE PR AR AL B EE .
R 1 22 FOAE 3500 2% 18] A8 S 2 A TR 3580 3 A O
(P < 0.05), Hrf, 5KKIKIALLKFFEKEI( =
0.132) B B F IEAHG, 5 H AR 3R 2 23 7K
HH 5B AKEF M G ok (L PR E: r =
—0.547, FEFHEK: r = -0.520, WIHIER: r =
—0.467). EMRERHIFNZ FEME SRR R
2 () AR S RN 4 22 A A3 IR P R E MR (P <
0.05), Hrb SRR (r = -0.132) HAZEEK(r =
-0.117). K048 7 (r = —0.139) A1 AR IR UK LA
RAWAEM(r = -0.451) 2 AR, SHABK FEIE
FHOG, Hoh 5 RROKHEI DR SR AL (r =-0.451).
BAZEYIIR(r = 0.394) FHR IR % (r = 0.346) M5t

R o

()R AN o 5 B R ZCRN 4 8 7K 2 ) AR S8 LA
AN A ERAR B B E AR G . HA EEYE (r = 0.455).
B ZEYR(r = 0.535) mEETE £ (r = 0.467). W& TE
AR (r = 0.457), SEPRZEHUE(r = 0.403). RIkIK
IR %K A5 4k (r = 0.170) 5 535 IEAH (P < 0.05),
S AZERK(r = -0.169). HBiETEE(r = -0.219).
MR 2 (r = —0.164) AF¥i 23 ()48 57 (r = -0.140)
AR RUKIA LRSI AR (r = -0.546) 2 12 2 fH =%
(P <0.05). HE5RKIKIALISKSIRZMN . b=
TR R i B SV B
23 FEREFENSHERFHSRMEMEEE

XFF AR TAEY), WRPARE . T2
TRV 8 BORUR IR UK DL Sk SR AR A0 2H R 22 6 28
PERE R T] DLAE — 5 B8P (43.6%) b AR HL 2 REME R
iy MERER R EOR, WE RECH0.171 (%2).

RT3 F ZRFEYFh 2 AR PEAS =) B e
RPN

(MM . IR TRIETRE. I A
RIK VKR SRR S LR T 52.7% 1 2 FE A%
R o XFTAARE, VR AU 5 B K AR B (e P e
ZE0N0.194), SHEHRERE . AR REKHIILUOR SR AR
FAE I L [F AR 7 33.1%M 2 REMERS R . M,
EVR. FRE AR JRIEEEN YL Lok
WK A5 b 3L [E] iR RE 1 36.1% M 2 REVERS R . B
ABbr, 2 U 20 DAk A AR Ak 2 52 i K 1 AR 2 (T
RE 2 500.144), R385 AR 55 | P8 7E 28 Bl fl
TR IR BOL R 37 5% M 2 AR RS J . L G A2 R
W, SR T RS S, IRER . R R
K AR AN A DY 22 DL SR [ K AR Ak 3R [ R ORE T
28.4%[1) 2 FEEAS SR o

()L RRAEW AN . BAZHE . SIETEH . Kk
UK DA AR A AR A B /K 5 T A S e SRR T
36.5% M Z A . SERRZREE . R .
HRUVK I LR AR AR A0 R 4E B K 25 [ i SR e T
43 2% R EE R A S SR AR IRVKIH LR SR AR AL
HEIRERSE . RSN R A ZE KRR 1 32.1%
[0 S JBR FER A1) 20 AT A% S o

@) HERN . RIKVKIHLSKR SR A ZE
Rk L AE B K 2 18] A8 S R e v 2 B iR L R e T
42.4% 1 ZFEMEAR R o AR OR YUK DLk SR AR 4L
Rz RK, e REUAF] 70.151.
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R2 hERFEVREZXFIMSHMESIMEEFHRMEMERE(P <0.01)
Table 2 Environmental determinants of species diversity for all gymnosperm species, species diversity of gymnosperms in different
clades and ratio of all gymnosperms to angiosperms in China from best-fit explanatory models

WIEEHRAMER fiE K4y S R AEAR
Adjust R? Energy factors Precipitation Environmental Climate anomaly
factors heterogeneity
L SR LY A5 & Variables 0.436 PET Ml ER MATano
All {RyesE 230 Partial R? 0.037 0.081 0171 0.010
gymnosperms
FRvEAL &3 0.228 0.255 0.464 -0.107
Standardized coefficient
T/ A5 & Variables 0.734 MAT AET PR MAPano
%Ez%ffﬁf@ s 240 Partial R? 0.413 0.061 0.005 0.010
Ratio of gymno- o y
sperms to angio- ffm/’ﬁ@a;{:éﬂt - -0.635 -0.257 -0.055 0.054
sperms Standardized coefficient
FARIIE 2R A5 Variables 0.526 MAT Ml ER MATano
Pinidae fi s A3 Partial R? 0.135 0.172 0.119 0.001
RGN EL 0.415 0.387 0.335 0.038
Standardized coefficient
N A5 H Variables 0.331 MAT Ml ER MATano
iz R sE 23 Partial R? 0.008 0.194 0.057 0.033
IRGANEL 0.122 0.480 0.277 0.207
Standardized coefficient
JispRs A7 E Variables 0.360 MAT Ml ER MAPano
Cupressaceae (o Z ¥ partial R? 0.107 0.080 0.084 0.026
IRCIEY 0.314 0.290 0.311 -0.126
Standardized coefficient
B FL A5 H Variables 0.370 PET Ml TR MATano
Podocarpaceae (e i o g partial R? 0.034 0.013 0.052 0.144
FrrEAL 23 0.366 0.169 0.408 -0.538
Standardized coefficient
AN 7 S 45 B Variables 0.282 MAT PCQ ER MAPano
Taxaceae TR sE 2% Partial R? 0.087 0.059 0.099 0.046
b #fE 1L & % Standard- 0.454 0.220 0.498 -0.127
ized coefficient
SE JFR 1B 4R A5 H Variables 0.364 MTCQ Ml PR MATano
Gnetidae Tk E 2% Partial R? 0.162 0.128 0.019 0.119
FrAEAL 23 -0.574 -0.468 0.160 —0.424
Standardized coefficient
SEJRRAER A5 i Variables 0.314 MTCQ PCQ ER MATano
Gnetaceae fidhsE 240 Partial R? 0.034 0.018 0.074 0.178
IRCEIEY 0.551 -0.124 0.569 -0.704
Standardized coefficient
R A5 & Variables 0.431 MTCQ AET PR MATano
Ephedraceae  fuoh o= 24 Partial R? 0.141 0.186 0.022 0.062
FriEAL 230 -0.571 -0.830 0.156 -0.296
Standardized coefficient
TR TN A5 & Variables 0.416 MTCQ PCQ PR MATano
Cyacadidae TRt RH Partial R? 0.028 0.096 0.034 0.151
RGN ET 0.478 -0.221 0.334 -0.663

Standardized coefficient
MAT: ‘E3ifi; MTCQ: f/& =i, WI: IR R4 PET: WB{EZHEURE; MAP: fE[#K; PCQ: R 27K, MI: I E; AET: Sibrz&iiE;
ER: 2, TR: FHR 2 A5, PR ERE/K AL 7, MATano: AR KUKIA LSRRI A4k, MAPano: A UK LSRR fok AR 1L .
MAT, Mean annual temperature; MTCQ, Mean temperature of coldest month; WI, Warmth index; PET, potential evapotranspiration; MAP, Annual
precipitation; PCQ, Precipitation of coldest month; MI, Moist index; AET, Actual evapotranspiration; ER, Elevational range; TR, Environmental
heterogeneity of temperature; PR, Environmental heterogeneity of precipitation; MATano, Temperature anomaly since the Last Glacial Maximum;
MAPano, Precipitation anomaly since the Last Glacial Maximum.
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24 BFEYSHEFEILLGINZERE

Hh [ BT R 5 BT AR A P R R 1 LA
R E 2L R AR AR (& L), ZLL
400 mmESFFEKEL N, HARTETEY S
T APl 22 B 1 1 LGB F-0.060, 1 L PG ke
XX — Lo A3 DU vy, e v B T 7 e A RS, 4
“~0.375 (1b).

BT S8R0 LB SRR m = F
o3 7 1) 70 55 AN AR YR UK B DASK B 7K A8 A4 2 A1 4
B R T 5 AR (P < 0.05), B 5 AR KUK LIk
IR (r = 0.517) IR, HHANAZ RS
kAo, Hrp 54ERIR(r = -0.826). SLhR A& HUE(r =
—0.810). A (r = —0.805)AH e A i (1) .
152 TG R 3B H, A 35 i 2 B B B 1) 0 o (fh 4
TE R ECN0.413), YIRS PR AAHUR | AF R K 23 )
A5 S FIR IR UK DL K 1R B /K AR A L R AR 1 73.4%
IS R (72) -

31 HFEEFEMNSHMEES

HEAFEE R TTEY, AR
8/ Ak b, R EBT YR 2 R R R sk
RIS R, X5 A [ 4 AR AR AE D0 2 R )R
HHEL(Wang et al, 2011), 55 [EVF L2 shit P2t
B A R AL, an=2FHE Y (Zhang et al, 2015). 1]
i (Chen et al, 2014)F1H A= 0 L ah ) (R E5E, 2009)
o MM E R T AE I By, oA
BT HE R E80% A L 1 e A RS R gL &
FAFEIE 204 Rl (11302 80%, - AT A A 196 Rk ) 78 7 3 X
e AL H XA P M 2 AR VA AR KRR FE b2
TR HED R AR R . S — 7, AFRFH
BT MDA IS 7, BATEAR RIS 2 15K
N, TR T 2 5 W0 () 43 A5 4 JR RN 22 K5 1 o
(F1, 2): EARITREEE SRR B DA R
LG RD LT AR MEE T HIX, MEHIY R 2
FEPE A7 T [ 1 R 0 R T L X, R 2 R U 7
PUALH X PR A £ o IR eV 55 R R T R AE
VI A 2 FEIHEE 5 (R 555, 2009).

[ U5 2 AT R 45 SR B, AR B S M AR 2 5
e B AE YRR ol 22 FEPEAS = 1 £ ZE R 3R (3R 1)
EMIE . 7Ky BRI S5 it m X, #R AR
MR Z RS . X 54AER AR

(Rosenzweig, 1995). Xf4zER192/4NH X (A £ FF
PERE R 2R AT iR B, ARl Ao g X, A=
W2 RV (Stein et al, 2014) . A2 855 55 1 T 258
o LR AR R 2 A 5, AR AR
(X f6 1% $2 L 58 0 3= 5 A7 5t S 2R B 2 ] it
AR GEIE, AT 2 AR At 2 4
YA A7 (Currie, 1991); Hik, A5EE A A HL X AT DL
TE I 25 A1 038 B S A AR A I Ry A 0 A3 d K
AT, M RA7E 5 £ 44 (Cun & Wang, 2010; Fjeldsa
et al, 2012); % =, E/RMPAEE W] DL A g Bk
i, Mm% 434k (Cun & Wang, 2010; Xing &
Ree, 2017) . A7 1L X AR = (41 R4 2 A 1) el
W R FHEERMSER. BB LWLk, H
TZFERES . AR FRE M5 (Lopez-Pujol et al,
2011; Sandel et al, 2011; Xing & Ree, 2017), kil
X — EL &Y B, RE TORE M E R
THEYIYIRY, NG K2 (Taiwania cryptomerioides).

Z 1 (Picea spp.)&(Ran et al, 2006; M- 4%, 2012),

BN T M AR T 2 4 1 (Lopez-Pujol et al,

2011). FEURHHTE R (L34 Ma), SERIETITEA T [,

AFEAMZE A K JE (Abies). = AZJBEEAE N T %
e —58 = 28 B 53 B 1] B I A W L b X 7
o4k (FMIT, 2002; Wei & Wang, 2004; Ran et al,
2006; [a)/NR4E, 2006). S46, 7E BT H AT HT
(#15.33-0.13 Ma)if 38, BT LLTE AL 1 Ll s T4

ey S RIR I, TR IR 1 2% U A A 85,

T R A AR S RS R, TR E TR
W W R ) P A (PN, 2002; Lopez-Pujol et al
2011). 1B 2 it X B AT b (1 3R 15, %
Wi Ll X BN T BT R 2 R 0

Ko R R WS RV 2 R B R %
(A OGP (R L), KBk L IX, T HE )
FhZ eV . X —25 5 DME R T YRl Z A
R A A A A — 20 (O’ Brien, 1998; Currie
et al, 2004). HawkinsZ%(2003)%} 2135 5 T+ K < A
W2 FEMEAS R O AT B RN 0T 5 R B, B
T REACGE IR A A5, HoAhh X ) 2 R
% J3 251 52 ) 7K 43 (% W9 AR 7K ) B3 7K 3k sh 25 (32 B
AR B BRI s T A g A
)RR R )2 75 IR R ) #ry BOT Ay L X, 7K
S RFCEYYIF Z RN ER R ERREE
B, A 7K B A7 5 £ 52 W AR ) 26 3 3l 1) 0%

RS
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(O’Brien, 1998) . AT &, 7K 73 2% 14 TE 1 ¥ 11 [X R
IR LT Z AR, BT 2R .

5 DV OG T 2R M0 Bl XK A4 7 HE W P 2 1
PERE RIOBIE 7T 45 Al (Wang et al, 2011), ATk
W, REER AR TEYY P 2 R 1 32 Z R
N&EK. EREREERF, EWEMNRASLIRSHT
T 22 eI 50035 TORE R, 1T iR 2 48 HOM T 7E 251K
BN T Y Z AR AN B2 . (EARX T HiAth
K7, BE A7 (CL 36 A 35 IR AN e v 2= 3 3 AR 7
T 22 BT S 50/ (3 1) - Hawkins 25(2003) f 25
AT AR, RTORHE HU X AR 2 FE I, fE

BHEAZ FERMRR T R EEURHILTT X,

RE S ANK 3 3L [F = SR 2 FEERE R, AR R &
SRR T HLIX, RE SR AN R R PR A R . X m]
BE A R N TE At 12 70 A2 O ML [X &% S RE 38 e 06 7 38 B
(AR AR AT IR I A K B a3, Frblsegr 4
FIK 32545 IR (1) %2 Y5 L (Hawkins et al, 2003).

PR AR A PR X5 W ol 22 B 1 A R 14 R AE AN
FH TR MAEREZES, E2ERM
o BARME, /K5 RRE R 2 R 25
PRAAHIR, 1X 5 RRE IO T BRI RE A K. R
TR F AL . B SEFRE . IR KRIEER
UR%E, 2016); [FIBT, BREERZ RUER, HL T 458K
kL M EEYBONIEDN, ARSI K S, B
WOE N RIS (2 IERE, 1981; AR RUELE, 2016).
76 Hp [ (B 2) i 7 (Fragniére et al, 2015)70 Y, ik
BORET R EEIB RIS R B R SR 2
FEME. SIRFEIA S, 7K SR A4 % B P
ZREPEN 2B IEA DG, XF R R T
RIS BRI s R AR A E B, A
I R 2% ) 3 R E R s T 3R B4R 8 2 FF 1
¥ )5 o

B T ISR AR, 3R T g Sk R E A
A RESC I BRI FE 2 BEMERS SR . (HE R0, &
IR BIR, RIRVKIALLCR SR E A S
Y2 FEIE R B U R (R L) FRATTHEN, X ] RE
DAL Sy 25 DU 228 K S 6 Ja 20 o 0 Y 25 R e 1 v
Ti X, AE RSN ) 4 AT X e m A RS UK 4
WG, R 20K m b # e ARG A X
(Wang et al, 2012a, b). TMi7EHEILE/NOHLIX,
BEZMYIMARA T TR thln, ZOUAR 45
R TR SRR SR A B & &

HIZRAE(Wu & Raven, 1999; Leslie et al, 2012), =4
P 2 FEMEAE AL T HBIXARAIC (R L) o IX W REIE & T 7
LA el b, X SRR S A R 2L AL
J7 Hb X R &K A, AN AE S A AR W/ 7 IR AE T
Ko XEHEILTT BRI IL S — B, EEIA
R, A A T4 R SR R e, 424k )
B RMZIIH B DU AR 1L %, T ZE VKIS
T e b Xt O AN B AT IR S8 R | ARG AR ) R (22
{24, 2007). fESEKIHEAIT R RUBE B, B 1Y)
WG SR A W A KA TRk, W E
= DL R A BRAE R B, LAY 25 (Ginkgo-
ales). 7K#22%(Metasequoia). %R 4% (Cathaya) 55 ¥
Z M BRI W T E B LT a4, R
Tl A2 /b o 1 W) AP AE S5 9 A T8 IR L X PR A
7 FK(Hsieh, 1992; Hu, 1998; Wang et al, 1998). {H
H— 7, =PRI — A AR A
TR oA X B SRR R R A . i A
YIHESE =28 SRR I IR I i A%, JFASKTE R
IAEE rhsE A B B A (1 2 SR A%, 2008) . B T
A, HbBT S AT R R R TR AR 2 A
¥ JR o WnHR HET T (213 Ma) LASK ) 75 R = i P A A
FH IS B 524k, ATREAR 1 RR BT 2R AE h IEHb X
(B33 434 (Qin et al, 2013).

WAL, FEZR P A PE 2 X, AR5 )
TP, 1] e ih X Lt X 54 #RF P A
[X 3514 K 48 (Hong, 1998; Gao et al, 2009; 4=51%%
2009), AT PR A HAR T 1Y) 2 AR, (HIX— 5200
BRETHE—20h . Bl M THFEDRKREZ
FEEAS R B R A ST B, A TH T 58 & Fi A
FIEA, AR T it R TR 2 FE PR
JR R R, AT 7 A R B <A AR A4 o B 2 (R 47 4
T LY Z .

32 BTHEYVSEHFEIDM ML IR IR
1% E

EaERE, S EY 58 - rE YR 2 e
EC A7 B2 (RIS SR A PN RT e BB —, B LU LI,
TERFR 53 Hu X LEAIIR T-0.1. IX 2 R B Y I
FhZ Ptz s TR . (2 —J5 1, FEARAE
e FAEYIZ145 11,0007 (Fang et al, 2011), 7E4:[E R
FE ERRFHEY 58 F R F 2 R R E I 20 R
0.018, AR T —F 7L X R A LL] .t wT I,
T ESNE— e B Eirsh 7 Kk 2
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FEVER A, 45 AT R X 2 i) b ) 3 = T
4 [F B4 7K F-(Brodribb et al, 2012). 25—, &Y
MR e BB S R BAARTS,
TEE RS ARG KRR BN R, #E
THEP L BRI, AR AL 74 5B (75K = i) 551
AHLIX, BRI . X R I — P18
B =] 53 B B S HR (L) 6

R 1) LA FE T4 b X = o] B S 4R
YIRS T 20 R UFIE N A K. 3 X Fa I
YL IR R 2 A R A ik DR 2 1) B ORI T R B,
R HEPD ) B AR B B R A A P2 A T
— R Y|P FEMEE N (Yeaman et al, 2016; Wan et al
2018). AWFLINA, FEIRERE S, BT HEDmE
Ji 455 ) B RS B T HE D I 3 5 R G OK 233 i R
S, T HL AT DAE S R Rl ZE (Bond, 1989; Brodribb
et al, 2012; Kozlowski et al, 2015). 7EMH: }Z5# |,
KEBDBRFAEYI BRI FONERIR . IR BIRSE4H
KIEAR, BA FRERISSL. KA AR ZEM4EE R,
Al DU bR BT A 85 (Wu & Raven, 1999; Far-
jon, 2010; Pittermann et al, 2012). — S5k FIFA
FAZE, i RIR (Juniperus californica), &
A5 P A0 L B8 & B 5 1 PR 5 (Hacke et al,
2001; Pittermann et al, 2006; Chave et al, 2009; Pit-
termann et al, 2012). 5 4b, 7ET A IR H
X, # k2T R >, e BN R, BT
T AT DL vy 280 R A 4t i i3k 47 ' & 4 FH (Coomes
& Grubb, 2000). A, X # THEDIMNS, HT1E
Y T AR RE N . UL, A TR
B A S A6 DA R e SR B X, R AR )
EO AT AR I X B vy . 5 A S, E TR IR IV P P
B~ AR X, RE BRI RE I
AN EEERSS, & REKICEICT 3 EY
H 'S4 A2 4i(Bond, 1989; Kozlowski et al, 2015), {#
FAE 7K HRFE A2 R Hb DX It A 7K S5 U 1) 52 4+ 7 55
TR Kk, £ EAREBHIX, BARRT
A 0 Fob 22 0 A 5 P S 1 X vy, (LA R A )
KHERNFE, REEDII 2B AR, EiR
R AR L X, AN R T ) SR (W & DRk}
ML GRS ) I8 — R0 3E R PER, 4
SRR Ry IR ZE LR AL T4 1R A B ik
ik, P TR E AR ISR, R IES
B 7 AR 1) 55 4 R AR A7 (Bffin et al, 2012).

FEAR IR LR TR A BRI X, BT
VAR T A B LU B v I AT BE S DA AR
TR AR BHE DK 5 BB b 80 8 S
3 B BT B A 9 (Gear & Huntley, 1991;
Brodribb et al, 2012): A M4 fg i KPR aAe
FEJE M AW % (Brodribb & Feild, 2008)
AR A A4 55 B2 7 R 1 88 PR B0 A2 K3 2 (Beckeer,
2000), #AH T HALVKI G 5T HYTE S 5150,
RIRVKHI LIRS A5 AL A i 2L IX, o3 5 2 BAR
BB FER X, X LeHh X AP AR T 52
Gr 3 5, R L AR 6 L 9]t 5 = (Sperry et al,
2006; Fragniére et al, 2015; Kozlowski et al, 2015).
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Appendix 1 Pearson correlation coefficient matrix between all used environmental determinants in China
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BEZEME; MAP: FM&K; PCQ: B4 EMK; MI: (BB, AET: LRERE; ER: BERSZE; TR: FHRT(E

PR: FEK=EER; MATano: RRKHLUKREREW; MAPano: HRIRKHLIREREKEL.

Appendix 1 Pearson correlation coefficient matrix between all used environmental determinants in China. MAT, Mean annual
temperature; MTCQ, Mean temperature of coldest month; WI, Warmth index; PET, Potential evapotranspiration; MAP, Annual
precipitation; PCQ, Precipitation of coldest month; MI, Moist index; AET, Actual evapotranspiration; ER, Elevational range; TR,
Environmental heterogeneity of temperature; PR, Environmental heterogeneity of precipitation; MATano, Temperature anomaly

since the Last Glacial Maximum; MAPano, Precipitation anomaly since the Last Glacial Maximum.

MAT MTCQ WI PET MAP PCQ MI AET ER TR PR MATano  MAPano
MAT 1.000
MTCQ 0.918 1.000
Wi 0.967 0.840 1.000
PET 0.966  0.819 0.993 1.000
MAP 0.694  0.768 0.679  0.646 1.000
PCQ 0.618  0.655 0.628  0.607  0.839 1.000
MI 0.345  0.505 0.283 0.253 0.870  0.647 1.000
AET 0.699  0.737 0699 0675 0928 0730 0.780  1.000
ER -0.199 0.035 -0.279 -0.320 0.145 0056 0315  0.026 1.000
TR -0.221  0.022 -0.303 -0.344 0.147 0044 0333 0037 0979 1.000
PR 0.320  0.463 0.262 0231 0709 0526 0740 0.675 0556 0.574 1.000
MATano -0.621 -0.703 -0.592 -0.571 -0.505 -0528 -0.280 -0.443 -0.205 -0.184 -0.342 1.000
MAPano  0.131  0.039 0.226  0.244 0207 0303 0.088 0.247 -0.165 -0.162 0.072 -0.147 1.000
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