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Abstract: Pistacia weinmannifolia is a characteristic species of dry valleys in Southwest China. In this study,
165 presence points of P. weinmannifolia were identified through field surveys, along with point data of 22
environmental factors. The suitable habitat model was formulated using the maximum-entropy (Maxent) al-
gorithm and applied to simulate the potential range of the species in Southwest China, and to project the
change of species range in past and future climate scenarios. The results indicate that the Maxent model gave
a high accuracy in habitat predictions for P. weinmannifolia. Temperature seasonality, minimum temperature
and precipitation were the major constraining climatic factors. Contemporarily, the environment suitable for
P weinmannifolia was located in the dry valleys of major rivers in Southwest China, and the regions was
characterized by decreased temperature variability, no temperatures below 0°C, and low precipitation. Simu-
lations using climate scenarios of the Last Inter-Glacial (LIG) and Last Glacial Maximum (LGM) periods in-
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dicated that the distribution of P. weinmannifolia was centered around the valleys of major rivers in South-
west China, substantially expanded eastward first, and retreated westward following climate change during
glacial and inter-glacial periods, supporting the hypothesis of “glacial out-of-Hengduan Mts.”. Under the fu-
ture climate scenario (2061-2080) with three representative concentration pathways (RCPs), the potential
distribution of P. weinmannifolia was projected to migrate eastward to the valleys in the adjacent region of
the Yunnan-Guizhou Plateau and Sichuan Basin, and the adjacent region of the Plateau and western Guangxi,
reflecting a high possibility of increasing dryness in the river valleys in the future, while its current distribu-
tion might disappear. The potential distribution of P. weinmannifolia would decrease by 33% in Southwest
China under the future scenario with both RCP2.6 and 4.5, but would increase with RCP8.5.
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BT A RGN R BV LM o A1
YJH R (Chen et al, 2011; Ruiz-Labourdette et al,
2012; Pio et al, 2014; Dieleman et al, 2015). %)
P S AE A I & T )RR 4 ET I 3 AT RS R (Veloz et al,
2012), o K S5 AL Ak 2 gk B2 50 e il 0 52
(Thuiller et al, 2011; Bellard et al, 2012). S f&{/F A=
B EEIRBN R 1, YR oAk R AR A A
FLZ I L. F YR 4> ALY (species distribution
model, SDM)FADL M5 AZA 5K 5 V)M i) id B4 A
% J5 T A3 B 7732 B (van der Wal et al, 2013;
Gelviz-Gelvez et al, 2015; Moor et al, 2015). & KM
(maximum-entropy, Maxent)f# 84 & H Ao i —Fh AL 25
o)A, 2R R i Maxent RN, AT KRR
FEALYRARATT AR SN 53 A0S B, 10 5 22 HLOR B P Fh 2
A o A B AR S 148 B2, AT A] DARL 7
oL 4 Fh 9 AE 1 o0 A X 3. 5 H A SDMAH L,
Maxentt&BU7E FURIEAAAEZE . A7 0 A EE A
TE B ARIREE R 2 (A AH S PEAS BB B 1S LR
TR BCR 5 F(Elith et al, 2006; Philips et al, 2006;
Philips & Dudik, 2008).

5 & AR (Pistacia weinmannifolia) & 3 W} 1%
K& (Pistacia) ) —Fi i ZRBEARBNTRR, Tif5€. i
F R A T b I U R T R A R (1
LI, 2001). AT, XS E AR 2 4 8 H A
BEAS . ABAN. GHMESE T (Zhao et al,
2005; J PR, 2008, EWFEE, 2014; REXE,
2014), M0 X F b B 5 A 1 AT 5 AR A (E WF 4R
2013). EWFEQOINVILHE T mFAE T FiMAH
X8 B AR B 7 A PR, R IR 43 A7 10 B UK,
HE TR Kbe bl &I i 58 AR R ITH, H

AN PR o3 AT C W B>, HE AR 2 2%
HUIR .

A SR FH B [ 4 T X R A T R A
Y SN AT AR AR, 12 FlMaxent AR TS &
REYIF AR, FHEHF TR M (D)EEAR
TE H [ VG e R IX (9 700 B A A% R S L S IR
KR, QM EAEENESRT, EEARES
V] VG g b DX 33 L 40 A 3 RN 2 (R R 11 8
1 G)MRAE IX — P4 B T I A KA Bl 4 A A2 4k,
TRIAE AR S R, B P T A 1)
B0 E S5 A ARG . BT 7045 R s B R R
(R FH A BRI RH 2 R4
1 H&
1.1 RS EFIMNEEWEE

MR (b [ A (2, 2001)1d 1075
BRI A E R, R w5 X e 3R 7Y R X
BNVE. =/ ) P4 5 DU AN EE R, £E2009-2014
SR IIA], TR IR DX P % DRI A A A
TRGMFETTAE, HeRER6SMEFAMEE, 15
F) AL FRE B (E ),
1.2 IMETESHIERTAE

A LS A% B B (WorldClim v1.4, http://
www.worldclim.org/)H, FEEUIF 7T X (119N A% 15
FRECHE . ZEE PR AR & S Rk ie SR G
58, I8 A 3 AR R A BRI AE S
(1950-20004FF-35H), 73 [ 4r HEZ 30" (Z91 km)
(Hijmans et al, 2005). H T WorldClim v1.4% 4 713K,
FE] P g b X BT ARk 3 B b, oM S B v 7 T
B SR DL bR AR R, A T B AR AT
FERE, ASCRF A0 N AR IE: GBS F1F 721X P A A%
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Table 1 22 environmental variables used for modeling poten-
tial suitable distribution of Pistacia weinmannifolia

14545/ Environmental variables gj—e
£33 Mean annual temperature Biol
B2 A¥41H Mean diurnal range (Mean of monthly (max Bio2
temperature — min temperature))

SR Isothermality (Bio2/Bio7 x 100) Bio3
T AR EZ Standard deviation of temperature Biod
seasonality

% A B =i Max. temperature of warmest month Bio5
A H i {&#R Min. temperature of coldest month Bio6
IR FZ Temperature annual range (Bio5 — Bio6) Bio7
FIEZEY)IR Mean temperature of wettest quarter Bio8
fTZEH)IR Mean temperature of driest quarter Bio9
R IEZ=H)iR Mean temperature of warmest quarter Biol0
¥4 Z=1)i Mean temperature of coldest quarter Bioll
FEFE7KE Annual precipitation Biol2
i A F&7K & Precipitation of wettest month Biol3
I H B¥/K & Precipitation of driest month Biol4
K EZETTEAS 5 REL Coefficient of variation of precipita- Biols
tion seasonality

{2 K Precipitation of wettest quarter Biol6
227K Precipitation of driest quarter Biol7
IR ZEp# /K& Precipitation of warmest quarter Biol8
A ZEfE /KR Precipitation of coldest quarter Biol9

13K Elevation -
Wi Slope _
WA Aspect -

rh [ S GOR B L = R S5 AR AR A O R R
DU (e ] b T e B2 6L B 248 46 v3.0, hittp://
cde.nmic.cn/home.do/) v 5 AH B ) S A% A8 &, SR A

Study area and locations of 165 samples and 133 meteorological stations
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Hiy TR B ok B 26 1 E 5028 R R R A I
HEZR 3 A BRE T = R BT (SRTM. v4.1, http://
datamirror.csdb.cn/), A7 #FZE2)9100 m (Farr &
Kobrick, 2000; van Zyl, 2001), 7E ArcGIS v10.2
(http://www.esri.com/software/arcgis/) #' ¥ H Asia
North Albers Equal Area ConicH52 42U 7 X N 1
HEPCEAE, FH Spatial Analyst Tools I .H. # Surface
TR 1) Slope A Aspect By 5 HUI B R ) s, L
Hr m e BLIEAEh 00, 3R R, IEF N
180°. £x EAFRI22 NI BH (R D).

B mr A Esh, RIRIEIUKI (Last Inter-Glacial,
LIG, 120-140 ka) =515 5t H #2% H WorldClim 4/
JE v i — A AT I 35 ] 5KOR ST A 0 T R I
CCSM 5 1Y (1) 4 57 5 4 (Otto-Bliesner et al, 2006);
ARIRVKEEHA(Last Glacial Maximum, LGM, fE4-%]
21 ka) USSR B H AR 5Kk RS A
sty HASERSEAE T A AN H A B R R SR 72 A OBk
B IR R385 25 M1 3 X I MIROCHE Y (1t 4 55 45 45
(Hasumi & Emori, 2004); % (2061-20804F)" < fi
15 557 R H 3 B [ K b0 R IBCC_CSMEA,
SR I, FEE R B 7K %738 R %) DU o) 8 A 2 v 1
HERTE, ORI IZ M HCHZES, 2012, H
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&,2013; JAZES, 2014; PREMAERE, 2015). 6
N NP RN 7 1 RS S L S Y L = R
(representative concentration pathway, RCP), H:
RCP4.5HIRCPO AR W) R € #t 4,  HLAT & (01
St KT J5 3 (Moss et al, 2010). & FRATTIERL 1 H
Hiff)3F41: RCP2.6. RCP4.5HIRCPS.5, 7l fARAK.
H 3 FRCOMR B HRU %
1.3 HBSH

K165 B ARIHE 70 A1 ) b P AR FR 5 2 AN
555 2 5P § AN Maxent v3.3.3%K {4 (Philips et al,
2006; Philips & Dudik, 2008)#E4T 48, K% #
PEAEHF M (receiver operating characteristic, ROC)HH
Loy BB AT R RURG FE A 00, &k T 3R BB R A
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R A (sensitivity) R B BH M 2R (S Fr b H B H. 100
S5 IR ) P As bR il th 26 . ROCHITZL
FJ7 i #(area under curve, AUC))K/NEEIR U3
Yo AR BRI R AR, HBUE YE A0, 1], AUC
B R SR A B AU BT . 58 XISHIE (cross-valida-
tion) L RIS 10K, LA I 25 R e . R
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1968) i i& & M EE AL B XHE R AR A sT#k. AR
P S 31 T Maxent 55400 45 R 45 3 AN AreGIS v10.2H
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UESTE: SRl D e ROl A N e A S N AR I RS T RS
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165 (XIHESE, 2016), RIERoyleZ5(2012)1) 5%,
£ R o () off (Merow et al, 2013)°50.5108. 9 1
T BoR, WOED M AL J90.75-1.00 1) 3 X
NIBEEARRIEE 7 MmIX, HIEE50.50-0.751)
X O BGE B AT X, HIREER /N T0.50 (1) 3B X
NANTE B AR X, TR AN S B AR LS B
A X AR

2 #HR

2.1 FAERNBEEESHIEREREZMNEZNETF

A2 0] 40, MR AUCHETA0.974, 3 B AR 7Y
R EE R & . REET bR E . &
WYE. BB HBKE. REFERE. RIS,
T FRRKE . A RS R EEAE
TE AR R B &, R T 80% (#%2).

BEEAREE A TR EFEHEN D BIRERF
E AR AR, 4T, BERX ATEE AR
ROEEMEBOE E A X E T T HTRMAd, £
PR RYTRIE T B0, JeyT RIS AL 0
ST AR LB 2BV . R R Be(1&3c).
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= EEERE L
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Fig. 2 Reveiver operating characteristic (ROC) curve of Max-
ent model for Pistacia weinmannifolia

R FWEBABEEESTHNETERNRTS
Table 2 Dominant environmental variables for potential suit-
able distribution of Pistacia weinmannifolia

WA R TTHREE ARG
Environmental variables Contribution (%) Correlation*
LB 2= T AR A b e 22 242 -

SD of temperature seasonality

iR Isothermality 15.3 +

R H KR 11.2 -
Precipitation of wettest month

MR 9.8 -
Temperature annual range

IR 7.6 -

Mean temperature of wettest quarter
4% Mean annual temperature 6.7 +
4E[%KE Annual precipitation 4.5 -
AR 42 +
Mean temperature of coldest quarter
HEA A DU S IR B (AR DG, <+ IERIDR, <= SR
* The correlation between probability of occurrence for Pistacia wein-

mannifolia and environmental variable, “+”, Positive correlation, “—",
Negative correlation.
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Fig. 3 Patterns of potential distribution for Pistacia weinmannifolia in Southwest China under climate change in different periods,
and only the east region of the study area (east of 95° E) was showed to highlight the suitable distributions for Pistacia weinmannifo-
lia. There is no distribution in the west of 95° E. (a) Last Inter-Glacial (LIG); (b) Last Glacial Maximum (LGM); (c) Current period;
(d) Future with RCP2.6; (e) Future with RCP4.5; (f) Future with RCP8.5.
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3KV e JE AN 2 5 v AR I 0 ] 4 B B b s
TE 25 5 o Ji 7 A S AR 1 i L 408 5 b s 0 0
A, FEAWERIL RIS MRS R R S, HAE
P [ 76 R b X0 9 0 3 43 AT TR 48 R UK ) K
HINT222.5% (E3b). 1 MR IRVKES AR H §r, B
FLIX PN 37 B A IR 3E o0 A TR 8 2> 44.4%, 1A 7
KR GE, H 5 R VK ) UK S s 90 BB K 3 O 1
Ik, B HPTE GV A A AW L X LR %
ZAT R LR T R A (B3c). 78 AR RIS #2061
20804F) ARG 5L R, BIFFEIX A I A A I I B4 A
YO Y PO ) AR e, KB 2 ok v R R e B 2
AR T (T K RANERTTIK R A, (HASK
TE 25 o fe Jo H P8 0T 50T 48 1R 38 B o0 A DX T 9
g AR PR R, EEARRIEL S

A TH AR 43 ) G4 A 920 32.7%  (RCP2.6 15 &%) Al
32.9% (RCP4.5155%) (K13d, 3e), 10 1E ik B B2 1
TR, IH B A BT ALE 2 A 1 AR L 24 1T 19 128.9%
(EI31).
3 iR

A SC R F Maxent A5 8 T 138 A ALE H [ 7
FHL X I TE AR X, 25 RRHH A EEEFTE
TR A, 2R AT R R AR R
o BEMATE B AR S A 1) 2 BRI AR A S AR T
(#2), "BOEE TR AR R AT R

NFRGERE SV RERY, A 0w 5 1)
Bk, IEEARMEN T L R(~15 mya), FIEH =
20 TR T 5 R T ) o b i R R 0 4 S
(Xie et al, 2014), P SEABIIRZIHEE W T
[ 7 Z AR S2(Qiu et al, 2011), iHE A
IS . FEARIRVKERI, I8 B ATE BV R X AT
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Re2 P 7 B R BRVE 5K, m) b 2 kY
NE b S RE(EI3), v WA TN FE M R &
AIEVKHIAEE) 2 MIEH 7/ X . Kozhoridze%s
(2015) A FH 4 3k R BE BRI 14 2.5 73 % 5 B3040 A s B
AN IRRNATTVE, BT SRR = N EEAR
BT AE S A M SR, 8 MR IR ] 0K A 21 K IR oK B
W, FEHTRENZFEN R RN, SRR,
PR ek /b, B R R A A BRI 43 A R A K T AR
R XS ARSCIRYEIE A 4 [ 70 A A & B A
B3PI R I A9 1 25 R — B gk N A i DK,
PR FESER TSR, SFEEKEEAR
J& 73 AT T AR I /D> (Kozhoridze et al, 2015), f7F 1 [
75 T DX PR 7 A R b F IR i 21 7 0 A TR L
JOKFA 2= B v JE PR SR A o, 3 A3 X R OR 4 /)
(K13). 2B DYL LR R SR R 846 T, i 1ok
AT B RE ¥ 1) 78 R 2 R H o 3 ] 7 g L
S (An, 2000; Wang, 2002), il id FATI4 45 HiE
FR) 3R A S8 T 1 R T AR S s 1 1 SR 48 <
fige, A4S B R 38 B 20 A X T3 — i X ATt
o B, oA B R EUECR IR 1K I Im A b(E13) . F]
FH Maxent 152 24 A5 40, ) A [7] B 3438 A R 8 76 0 L 40
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Mits.)” (¥ £ (Fan et al, 2013), i8S 35 H A7k
2% (Tanaka-Kaiyong Line) A — 2% & 3& 11 4= W L 2 )
FEAB i (Coyne & Orr, 2004) . H3 48 F KT A 1
JEE U], T T DX 3PN PRI 2 S T B R K R 4 A ]
AEMIIR 2 (Cox et al, 1993).
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B AR XA BN, sV ER S SN R R ZE
75 S AR B R R AR KRk A K (Xu & Xu, 2012;
Kharin et al, 2013). &2, FEE)E SBR IR
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Wi DA B FG A Y A - 5 PR B M R AR A R
B, X TE AR R AR KRG AL 4
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PRI FRER T IR PR AR
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BT HEEARNIE TR SR, A TR
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52 (Boulangeat et al, 2012). Kk, X TR 71 Fi00
SRR E M, NP RETUEE.

B 3CHk

An Z (2000) The history and variability of the East Asian pa-
leomonsoon climate. Quaternary Science Reviews, 19,
171-187.

Bellard C, Bertelsmeier C, Leadley P, Thuiller W, Courchamp
F (2012) Impacts of climate change on the future of biodi-
versity. Ecology Letters, 15, 365-377.

Boulangeat 1, Gravel D, Thuiller W (2012) Accounting for
dispersal and biotic interactions to disentangle the drivers of



B4 1

WA TG A ARSI S 3 T B KRS IR F v [ 06 gt DX 355 4 A TERAE 20 A 6 SR AL 459

species distributions and their abundances. Ecology Letters,
15, 584-593.

Cai W, Borlace S, Lengaigne M, van Rensch P, Collins M,
Vecchi G, Timmermann A, Santoso A, McPhaden MJ, Wu
L, England MH, Wang G, Guilyardi E, Jin FF (2014) In-
creasing frequency of extreme El Nifio events due to green-
house warming. Nature Climate Change, 4, 111-116.

Chen IC, Hill JK, Ohlemiiller R, Roy DB, Thomas CD (2011)
Rapid range shifts of species associated with high levels of
climate warming. Science, 333, 1024-1026.

Cox CB, Moore PD, Marquardt WC, Demaree RS, Grieve RB
(1993) Biogeography: An Ecological and Evolutionary Ap-
proach 6th edn. Blackwell Scientific Publications, London.

Coyne JA, Orr HA (2004) Speciation. Sinauer Associates,
Sunderland.

Dieleman CM, Branfireun BA, McLaughlin JW, Lindo Z
(2015) Climate change drives a shift in peatland ecosystem
plant community: implications for ecosystem function and
stability. Global Change Biology, 21, 388-395.

Dong M, Wu TW, Wang ZZ, Xin XG, Zhang F (2013) Simula-
tion of the precipitation and its variation during the 20th
century using the BCC climate model (BCC CSMI1.0).
Journal of Applied Meteorological Science, 24(1), 1-11. (in
Chinese with English abstract) [(£8, Z4% X, AL, F
Beak, 5K75 (2013) BCC_CSMI1.0A 62010 0 B K K L
ARFE . LA G, 24(1), 1-111]

Elith J, Graham CH, Anderson RP, Dudik M, Ferrier S, Guisan
A, Hijmans RJ, Huettmann F, Leathwick JR, Lehmann A, Li
J, Lohmann LG, Loiselle BA, Manion G, Moritz C, Naka-
mura M, Nakazawa Y, Overton JM, Peterson AT, Phillips
SJ, Richardson K, Scachetti-Pereira R, Schapire RE, So-
ber6n J, Williams S, Wisz MS, Zimmermann NE, Araujo M
(2006) Novel methods improve prediction of species’ dis-
tributions from occurrence data. Ecography, 29, 129-151.

Elith J, Phillips SJ, Hastie T, Dudik M, Chee YE, Yates CJ
(2011) A statistical explanation of Maxent for ecologists.
Diversity and Distributions, 17, 43-57.

Fan DM, Yue JP, Nie ZL, Li ZM, Comes HP, Sun H (2013)
Phylogeography of Sophora davidii (Leguminosae) across
the ‘acros-Kaiyong Line’, an important phytogeographic
boundary in Southwest China. Molecular Ecology, 22,
4270-4288.

Farr TG, Kobrick M (2000) Shuttle radar topography mission
produces a wealth of data. Eos, Transactions American Ge-
ophysical Union, 81, 583-585.

Fu LG (2001) Higher Plants of China, Vol. 8. Qingdao Pub-
lishing House, Qingdao. (in Chinese with English foreword)
[ E (2001) P EESEEDE NG FHHEmRE, F
5]

Gelviz-Gelvez SM, Pavon NP, Illoldi-Rangel P, Ballesteros-
Barrera C (2015) Ecological niche modeling under climate
change to select shrubs for ecological restoration in Central
Mexico. Ecological Engineering, 74, 302—-309.

Hasumi H, Emori S (2004) K-1 Coupled GCM (MIROC) de-

scription. Center for Climate System Research (CCSR),
University of Tokyo, Tokyo.

Hijmans RJ, Cameron SE, Parra JL, Jones PG, Jarvis A (2005)
Very high resolution interpolated climate surfaces for global
land areas. International Journal of Climatology, 25,
1965-1978.

Hu Q, Jiang DB, Fan GZ (2015) Climate change projection on
the Tibetan Plateau: results of CMIP5 models. Chinese
Journal of Atmospheric Sciences, 39, 260-270. (in Chinese
with English abstract) [HA%F, 22K, 7 (2015) &
e SR AR S AR T, CMIPS AEEE . KSR,
39, 260-270.]

Intergovernmental Panel on Climate Change (IPCC) (2013)
Climate Change 2013: the Physical Science Basis. Contribu-
tion of Working Group I to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge.

Kharin VV, Zwiers FW, Zhang X, Wehner M (2013) Changes
in temperature and precipitation extremes in the CMIPS5 en-
semble. Climatic Change, 119, 345-357.

Kodra E, Steinhaeuser K, Ganguly AR (2011) Persisting cold
extremes under 21st-century warming scenarios. Geophysi-
cal Research Letters, 38, L08705.

Kozhoridze G, Orlovsky N, Orlovsky L, Blumberg DG, Go-
lan-Goldhirsh A (2015) Geographic distribution and migra-
tion pathways of Pistacia—present, past and future. Ec-
ography, 38, 1-14.

Lin RP, Zhou TJ (2015) Reproducibility and future projections
of the precipitation structure in East Asia in four Chinese
GCMs that participated in the CMIPS experiments. Chinese
Journal of Atmospheric Sciences, 39, 338-356. (in Chinese
with English abstract) [#k £, FIRKRZE (2015) &
CMIPS -4 0 P Ao FE B 0L A 75 T s 16 4
fiEBARARAEL. KRR, 39, 338-356.]

Liu XD, Cheng ZG, Zhang R (2009) The A1B scenario projec-
tion for climate change over the Tibetan Plateau in the next
30-50 years. Plateau Meteorology, 28, 475-484. (in Chinese
with English abstract) [XIBZR, F2ENI, KH (2009) F
il i SR A K 30~ S0E A 1B 5t N AU AALTUAG. <
%, 28, 475-484.]

Liu Y, Li P, Xu Y, Shi SL, Ying LX, Zhang WJ, Peng PH,
Shen ZH (2016) Quantitative classification and ordination
for plant communities in dry valleys of Southwest China.
Biodiversity Science, 24, 378-388. (in Chinese with English
abstract) [XIFE, ZEMG, VIR, Ak, RwE, KEiE,
DR, TLER (2016) 1 E P R T R A A REVE )
O RANHE 30T, A Z R, 24, 378-388 ]

Merow C, Smith MJ, Silander JA (2013) A practical guide to
Maxent for modeling species’ distributions: what it does,
and why inputs and settings matter. Ecography, 36, 1058—
1069.

Miller RG (1968) Jackknifing variances. The Annals of Math-
ematical Statistics, 39, 567-582.



460 4 W £ K Biodiversity Science

524 %

Moor H, Hylander K, Norberg J (2015) Predicting climate
change effects on wetland ecosystem services using species
distribution modeling and plant functional traits. AMBIO,
44, 113-126.

Moss RH, Edmonds JA, Hibbard KA, Manning MR, Rose SK,
van Vuuren DP, Carter TR, Emori S, Kainuma M, Kram T,
Meehl GA, Mitchell JFB, Nakicenovic N, Riahi K, Smith
SJ, Stouffer RJ, Thomson AM, Weyant JP, Wilbanks TJ
(2010) The next generation of scenarios for climate change
research and assessment. Nature, 463, 747-756.

Otto-Bliesner BL, Marshall SJ, Overpeck JT, Miller GH, Hu A
(2006) Simulating Arctic climate warmth and icefield retreat
in the last interglaciation. Science, 311, 1751-1753.

Patricola CM, Chang P, Saravanan R (2015) Impact of Atlantic
SST and high frequency atmospheric variability on the 1993
and 2008 Midwest floods: regional climate model simula-
tions of extreme climate events. Climatic Change, 129,
397-411.

Phillips SJ, Anderson RP, Schapire RE (2006) Maximum en-
tropy modeling of species geographic distributions. Eco-
logical Modelling, 190, 231-259.

Phillips SJ, Dudik M (2008) Modeling of species distributions
with Maxent: new extensions and a comprehensive evalua-
tion. Ecography, 31, 161-175.

Phillips SJ, Dudik M, Elith J, Graham CH, Lehmann A, Leath-
wick J, Ferrier S (2009) Sample selection bias and pres-
ence-only distribution models: implications for background
and pseudo-absence data. Ecological Applications, 19,
181-197.

Pio DV, Engler R, Linder HP, Monadjem A, Cotterill FPD,
Taylor PJ, Schoeman MC, Price BW, Villet MH, Eick G,
Salamin N, Guisan A (2014) Climate change effects on an-
imal and plant phylogenetic diversity in southern Africa.
Global Change Biology, 20, 1538-1549.

Planton S, Déqué M, Chauvin F, Terray L (2008) Expected
impacts of climate change on extreme climate events.
Comptes Rendus Geoscience, 340, 564—574.

Qiu YX, Fu CX, Comes HP (2011) Plant molecular phy-
logeography in China and adjacent regions: tracing the ge-
netic imprints of Quaternary climate and environmental
change in the world’s most diverse temperate flora. Mo-
lecular Phylogenetics and Evolution, 59, 225-244.

Raes N, ter Steege H (2007) A null-model for significance
testing of presence-only species distribution models. Ec-
ography, 30, 727-736.

Royle JA, Chandler RB, Yackulic C, Nichols JD (2012) Like-
lihood analysis of species occurrence probability from pres-
ence-only data for modelling species distributions. Methods
in Ecology and Evolution, 3, 545-554.

Ruiz-Labourdette D, Nogués-Bravo D, Ollero HS, Schmitz
MF, Pineda FD (2012) Forest composition in Mediterranean
mountains is projected to shift along the entire elevational
gradient under climate change. Journal of Biogeography, 39,
162-176.

Shi YJ, Ren YL, Wang SG, Shang KZ, Li X, Zhou GL (2012)
Verification of simulation ability of BCC _CSM climate
model in regional climate change in China. Plateau Meteor-
ology, 31, 1257-1267. (in Chinese with English abstract)
(REZE, Bk, £\, WATE, 28, FHE (2012)
BCC_CSM i 2t v [5] DX38 A A2 A0 A LU BE 0 O A
% ®EAR, 31, 1257-1267.]

Thuiller W, Lavergne S, Roquet C, Boulangeat I, Lafourcade
B, Araujo MB (2011) Consequences of climate change on
the tree of life in Europe. Nature, 470, 531-534.

van der Wal J, Murphy HT, Kutt AS, Perkins GC, Bateman
BL, Perry JJ, Reside AE (2013) Focus on poleward shifts in
species’ distribution underestimates the fingerprint of cli-
mate change. Nature Climate Change, 3, 239-243.

van Zyl JJ (2001) The shuttle radar topography mission
(SRTM): a breakthrough in remote sensing of topography.
Acta Astronautica, 48, 559-565.

Veloz SD, Williams JW, Blois JL, He F, Otto-Bliesner, Liu Z
(2012) No-analog climates and shifting realized niches dur-
ing the late quaternary: implications for 21st-century predic-
tions by species distribution models. Global Change Biol-
ogy, 18, 1698-1713.

Wang B (2002) Rainy season of the Asian-Pacific summer
monsoon. Journal of Climate, 15, 386-398.

Wang Y, Zhang C, Li K (2013) Investigation on the distribu-
tion of Pistacia weinmannifolia in dry-hot valley of Yunnan
Province. Forest Resources Management, (3), 156-160. (in
Chinese with English abstract) [, 5K, Z=E (2013)
R TR XIE FE AR E. ML EE L, (3),
156-160.]

Wang Y, Zhang C, Li K (2014) Responses of Pistacia wein-
mannifolia seedling to different water gradient in dry-hot
valley. Journal of Central South University of Forestry &
Technology, 34(10), 19-25. (in Chinese with English ab-
stract) [ EHF, Kitl, =R (2014) FHINE 2 LRFIEE
ARGy LA AN [ 2K 73 A5 B B i 7. o B AL R K
224, 34(10), 19-25.]

Xie L, Yang ZY, Wen J, Li DZ, Yi TS (2014) Biogeographic
history of Pistacia (Anacardiaceae), emphasizing the evolu-
tion of the Madrean-Tethyan and the eastern Asian-Tethyan
disjunctions. Molecular Phylogenetics and Evolution, 77,
136-146.

Xu CH, Xu Y (2012) The projection of temperature and pre-
cipitation over China under RCP scenarios using a CMIP5
multi-model ensemble. Atmospheric and Oceanic Science
Letters, 5, 527-533.

Yackulic CB, Chandler R, Zipkin EF, Royle JA, Nichols JD,
Campbell GEH, Veran S (2013) Presence-only modelling
using Maxent: when can we trust the inferences? Methods in
Ecology and Evolution, 4, 236-243.

Yu DH, Yuan CJ, An MT, Li H, Yan LB (2014) Study on the
niche characteristics of main tree species of Pistacia wein-
mannifolia community in natural forest along Chishui River.



Ham WA TG A ARSI S 3 T B KRS IR F v [ 06 gt DX 355 4 A TERAE 20 A 6 SR AL 461

Journal of West China Forestry Science, 43(6), 91-96. (in Applied Chemistry, 25, 305-308. (in Chinese with English
Chinese with English abstract) [& {82, RMNE, I, abstract) [FTEE (2008) 15 & A M- & I 17 M FH
ZEH, AR (2014) RIS AR R AR 1 TERL. RiFIfL2, 25, 305-308 ]
BRSO L. PR, 43(6), 91-96.] Zhou X, Li QQ, Sun XB, Wei M (2014) Simulation and projec-
Zhao X, Sun H, Hou A, Zhao Q, Wei T, Xin W (2005) Anti- tion of temperature in China with BCC_CSMI1.1 model.
oxidant properties of two gallotannins isolated from the Journal of Applied Meteorological Science, 25, 95-106. (in
leaves of Pistacia weinmannifolia. Biochimica et Bio- Chinese with English abstract) [J25, 2R, 75, 1
physica Acta, 1725, 103—110. 0 (2014) BCC_CSM1. 12U FR [ Uil (A0 A T Al
Zhou BH (2008) Volatile oil in the leaves of Pistacia wein- NS Z R, 25, 95-106.]

mannifolia and their antibacterial effects. Chinese Journal of

GUEHZR: KM ST HER)

Mi3% Supplementary Material

MRl AMRFAIASKEREKRER
Appendix 1 Information of meteorological stations applied in this study
http://www.biodiversity-science.net/fileup/PDF/2015246-1.pdf




LA HE, XU, BREFH, JLEES. AURARNE 5 3 T BRI AR 1 v [ 74 i 1 DT 2 ATE (R 20 A i SRS, B2 e,
2016, 24 (4): 453-461.
http://lwww.biodiversity-science.net/CN/10.17520/biods.2015246

MRl AMRFAASKEHERER

Appendix 1  Information of meteorological stations applied in this study
K4 Meteorological station  £hJ%¥ Latitude 4% Longitude

Wi 32.50 80.08
i 30.28 81.25
gl 32.15 84.42
BB 28.18 85.97
£ H 28.63 87.08
TS 29.08 87.60
AL 30.95 88.63
e ) 29.25 88.88
USRS 27.73 89.08
T % 28.92 89.60
71 7 31.38 90.02
g K 29.43 90.17
7 32.35 91.10
EE 30.48 91.10
Eva o 29.67 91.13
e 29.25 91.77
& 27.98 91.95
A 31.48 92.07
KT 28.42 92.47
OB 30.67 93.28
r 2 31.88 93.78
wZ 29.67 94.33
T #H 31.42 95.60
WO 29.87 95.77
B 30.75 95.83
B 31.15 97.17
%K 28.65 97.47
e BT 29.67 97.83
B TN 24.02 97.85
FoOE 32.98 98.10
W 25.02 98.50
o 31.80 98.58
YT 25.87 98.85
1R 28.48 98.92
oo 30.00 99.10
fr 25.12 99.18
(G~ 28.72 99.28
How 31.62 100.00
* H 25.70 100.18
Y 30.00 100.27
I 29.05 100.30
ok 30.93 100.32
SR PN 32.28 100.33
BOR 24.47 100.87
PER 30.98 101.12
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S35 Meteorological station  £f% Latitude %% Longitude

K H 2793 101.27
ok 29.00 101.50
O 25.03 101.55
M 21.48 101.57
] 32.90 101.70
2N 26.58 101.72
£ 26.50 101.73
VAN 22.58 101.85
T W 25.73 101.87
R E 30.05 101.97
gt L 23.60 101.98
IR B 31.90 102.23
2 M 26.65 102.25
(=1 27.90 102.27
N 4 31.00 102.35
] 28.65 102.52
AN 32.80 102.55
S 24.33 102.55
B 9 25.00 102.65
W 29.35 102.68
I 28.00 102.85
IR 33.58 102.97
M 2 29.98 103.00
HOR 24.92 103.17
2 % 26.42 103.28
Uk 1L 29.52 103.33
% A 23.38 103.38
L7 3 32.65 103.57
Cil 28.27 103.58
HT HE 31.00 103.67
] 22.98 103.68
eI ] 27.35 103.72
%o 29.57 103.75
e # 30.70 103.83
WA 25.58 103.83
il 23.38 104.25
B T 26.87 104.28
A 23.62 104.33
i B 25.72 104.47
oo 32.42 104.52
BB 30.12 104.65
i e 3145 104.73
WL 29.62 105.12
Mo 25.43 105.18
B A 27.30 105.28
g4 % 28.78 105.38
ATk 28.17 105.43
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S35 Meteorological station  £f% Latitude %% Longitude
% 7 30.50 105.55
i |3 23.42 105.83
7 26.25 105.90
i 31.58 105.97
Bomw 27.03 106.02
B OH 25.18 106.08
HO% 30.78 106.10
3K 28.33 106.22
w7 23.13 106.42
YoERI 29.58 106.47
W% 29.58 106.47
H 23.90 106.60
5B 26.58 106.73
S o 31.87 106.77
T 25.43 106.77
W ke 28.13 106.83
AL 22.33 106.85
b A 27.70 106.88
B A 23.60 107.12
¥ K 29.75 107.42
JHOE 27.77 107.47
U= 31.20 107.50
pLl| 25.83 107.55
R 23.32 107.58
2 F 30.68 107.80
=/ 26.60 107.98
Mo 22.63 108.22
oo 27.95 108.25
R 30.77 108.40
WoOT 25.97 108.53
= 26.97 108.67
7B 28.83 108.77
WA 21.72 109.18
*k E 23.75 109.23
® o 22.42 109.30
Ah 2 25.22 109.40
A 31.02 109.53
B P 23.40 110.08
ERP 22.65 110.17
N 25.32 110.30
i 23.48 111.30
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