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T BRI AR A 1991-20204 31 2051-20804F I BLig i, 2 Jm )y, FoekaH) A 1991-20204F £12081-21004 it B ik
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B UHER AR AR SR I A R
FE 742 T K #) 5% wi (Parmesan and Yehe, 2003;
Root et al., 2003), &2 Ks 20 P Fh (1) 43 A0 Kl 5=
B AR . Nk, KRV 2 FETER TR
T A% K Bk ik (Aradjo et al., 2005). 4 T 78/ A8
AR D 2 R, B R AR X )
Tl 3 A 1) 52 0 42 ¢ 4 (Williams et al., 2005; Pyke
etal., 2005). 54h, “RABMWT, KT RHERRIE R
TR IX A SR Y Rh, HERfAG 2 S AR A oy
i 1) 5% i, | 5 B % (Mecarty, 2001; Coulston and
Riitters, 2005). X1t R e 5 R AR D) Fh 73 A 1
S, 0 AR AR 2 R R B A T S B R
527 X (Mccarty, 2001; Thomas et al., 2004).
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Fh oA B —E W 5Em, A URAR R B R Ly
FUREEZR R AN —ADJ7 M, R REZ Bk U AL &
W A7 Bl T4 v AR AUL A A A T 40 Aol 43 A1 5 W) PR RS T
(Aratjo et al., 2005). AL G Fh 73 A7 i H 22,
05 H AT BN IE A AR A S ]
Sy Ak JE I 20 A% (Walther et al., 2002), X 28K &%}
ASAEARAE TS A Bl i el b RN S R B Bk T 2E(Willa-
ms et al., 2005; Pyke et al., 2005), {H it/ xf H fif
T& B RO A3 A DX AR 3 B o BRI AR AR 0]
) 53 A e 7 TR T RE T — ST T (AT AR K 5
1997; by XA, 2001), (HACK T T 8 — A tl
T 5, R 3R ) AH HLAE T (e sl e ) S bl e
FUHEAG . Bk, S T G E R AR )
Tl 3 A1 PR 5D, R R IR T e 47 A AR A 15 5%,
TR IR R, R UeA A S i
T MR B A X AR A F

L E 214730 0004 M A M4, Jh A AE TR
) Aoft 5~ FEL P R A7 600 4% M (o [ A2 4 22 M 1 155 F 9
G5 4, 1998) . UM AR AR X LEAE ) 1) 43 A1 7] g
AT RIS, A H AT A R B, ASCIEFE
T B AR (Anabasis brevifolia). #H A (Gymn-
ocarpos przewalskii) . # # (Haloxylon ammod-
endron). fi K% (Ephedra przewalskii). B¢ 4% %2
(Ceratoides latens)F1v& A1l 4L Jik 15 (Ephedra prze-
walskii var. kaschgarica) W5t x %, Horp A
DAL MY PRI S e T 2 T AL 8, BRER AR Ay S
RSB B, AR RIS SR JBR A MV e Y IX Sy A
)z RE A, SRR EE T i AR, AT
L SR JRR B Ay JBE L R B AR b, X BERE A 4 AT B RS 4 HL
AR TR o K FH 2R S AR 5 (R G A2
B2 5t), 2 M1 T 1991-21004E K [ I B (1991—
20204F . 2021-20504F . 2051-20804F#12081-2100
A )IZX 6Tl e AR ) 23 A A2 A (RO B 23 A DX BT
B RE B ATIX ), DA RO S AR A B 3 [ A A
MR KB R, DU AR AL R R4 X 2ty
YRR, JEATF AT SR 22 . Y H Wi
T2 L A3 AT DR A2 AR R AR A SOk e B e
(ARG B 53 AT TR DX 3o AR RS S50 20 A AR
P BEVE A BSOS M AR 0 A, e H RS
S 3 A7 R 06 YOG Bk, B EAE A Sl 4 A 40 A
B H B B A DB T, BRI ST

1 MR57EE

1.1 EMBEMSHRERES ST

IR Hi(Anabasis brevifolia C. A. Mey), il 4 7%
JNZE, SRIEZERMBEARME, oam T WNE T B
JRT VS P R RT SR AL A AR, R S E1 400-
1600 m, A AT HAR R 235 SCLE W 7 R
Sk RS IR e BEORT B 3 B L AR R A, AR
KT BE . BRBTL I B A B . AR
AR(Gymnocarpos przewalskii Maxim.), £ J&fi17T
BHRARARE, oA TS Tl SR, &
i 88002 200 m, TG T HE EOR AL
PRI A 1L S B a7, AR W IR B RS B kb .
AT IX AR N 6-12°C, Mo fiz e 1 34.3-43.9°C,
Wi I —46— —20°C, 4 [#/K#36.9-200 mm, 4
#Jc 51 300-3 378 mm, b3 ARSI L ARG
oV b A A e RE B R Rl vk e 1 . R AR (Halo-
xylon ammodendron (C. A. Mey) Bunge), J&44 3
i, NAERAKR, RIRLE, RBEERRRIE, #ifayFh,
SAAENS N Wl TR FEACHE, A
f£150-2 600 m, = ZE5r AT AEEE /R 2. I IR
LN e N TE VA O I PSSV N8 R
i XA H2-11°C 1 H PR -18- -8°C, 7
H AP #)R22-26°C, 4F %K #30-200 mm(=
), & TR RS YS By B R b e, R
R IR RERG - b B AR e, R O g
FHRE H7K 43 5 ok 2 1R ik B ot 2 A b ) kA o
i3 Bl 45 . JE LK 3% (Ephedra przewalskii Stapf),
AL R B L TCRR T, SRR R OB RR BT, 4 Al T
WS E 7 WL N - o =i P 5 T S R )
PP TTVEEG . SRR IACKEE . B B
R G M3 G FNHE S JRK G, 38 T P AR (B AR e AR )
KA FAG . B4 # (Ceratoides latens (G. F. Gm-
el.) Reveal et holmgren), /E#BIIvkE )R, A
TWEN Tl TE. Hig Freafinmss, &
AT REE, SR, PSRBT R L e R, WA
J%500-700 m. 3 500 m#14 600-5 200 m, {1 35UENES
IR Rl B dbdg . P e L, 5
ARG PE IS BTz 8 AR S 22 Ll RIAR L LT R
Bl 7 38 o 3 vb R o R BE . 3 AT XAE R 1 700—
3 000°C. F/KEA100-200 mm, L3 HEEE 1.
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(Ephedra przewalskii Stapf var. kaschgarica), $
JE RS RHRR B, A TS TR HOR AR
i Bl R Y SN E I R ar SN
X, TR A2 A2, 1963;
R G g 22 1 42, 1978, 1979, 1996; H [E Bl Bt
MY B ST, 1985; HA7[E, 1989; W ZE L
MR D 4, 1990; B R A A & R R L 2,
1993, 1996; TFiFMHY) &G 4y, 1999; 1l
V5, 2006). AT SR AR Y o A K S
WARHEEE (P EEBRmBEAEYO LY (R EE
WG | B RBUCE FVA TR R SRS SRS (A
1963; v [H K& 2 4y, 1978, 1979, 1996;
Hh [E B2 B 22 PNV S e, 1985; A7 1E, 1989;
PSR A G i 2R 2y, 1990; B SR 4 A g
ZE 4y, 1993, 1996; 5 i fH Y & 9 4 & A 4,
1999; WKL, 2002; 5%k, 2003; V18 %4%,
2003; MR A, 2005; #H5 Fi{d, 2005; X
RS 2006; DR SE, 2006; 7 2 9% A 4 Ak,
2007; Xl7k4:%, 2008; 5K[HH%%, 2008). 4 (H
[ b 44 S - e N RG] B SR b 4% R 51 ) 133
00042 4 M 44 5k NExcelf&#s, ¥Hh4 . &4 % I8
1 e e i DBF % 3, £E M HR (5 B &R G ArcGIS9.2
BAF 1 AreMAP H T I 5 0 28 I 52 AR bR E i, AR
Jei LB 2 07 300025 20 i P SRS o SRR o A B
P 7E Access #1114t 37 B s R 5, A1) ArcGIS9.2
AR BE— TR o3 AT 5 A (A AR R, ey
A1 LLOZ 7% ) IR 304 A Ay e 1 % o 380 5 A B AT 1
X R TR b AR X R B e B AT
X %I 44 15 7704525 km x 25 km [RIHIERS #G,
AR SERE ) 1) 40 A 1 T P A AL 0 R o3 A S dls
e B MG G o0 MR RN A s, #33015 7700
25 km x 25 km ¥ % J0 K /MRS A A Edls o K P ph
o3 AT AR B i A0 D RUECHE AR ADoK R R
W5 AT 1k R B IS i AT B R A R R .
M T 2 B e A o R UBCHE AR SRID 5 K
—AEAN R AR AR o M Rz, 3 £11991-21004F
A AR R B R T U8 RS 5 e
(P ol 3 AT B 4G RUD 5 AH A A REAS A0 A s
YR oy A B e v, 7 4 EYE R 15 7704 5
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0 K4l 55 0 ke o A 250 AR UG G (6 Bl 42, AR o3
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12 SEERIEE

I3 BT S AR A W) AT IR R ) R PR Rl B
AT AR SR A F
Rk o S SR A AR 28 KBRS 3R . b,
BRSBTS T dis O 7 45 K TR
#7). Holdridge 5 % (Holdridge, 1967; 3K 7 i 4%,
1993). Kirafi %k (Kira, 1977)#1Thornthwaite $i5 %4
(Thornthwaite, 1948; KB 45, 1993). H A<
o SR AR T SR o3 A G R I S 2k, AWEIUE L
TR Z AR R BURAUREL, B K R
EZOE'S VPN SV G ASaR IS & <ENIE'S
i, JFE T T RS Holdridgefir 3. KiradkZA!
Thornthwaite 741, &1162 L5 (K1),

FEF AR AP o3 A (R, N 2 2
Boks 2 5 8 4 M A F2 2 (Murioz and FellCisimo,
2004; Beaumont et al., 2005). PCA(FE =571
VAR I AR B = AR ) A g i AR AR T AR A
5, JF Higob TASE R, HEbR T AR R 2 LA
) 5, WAL 23 AT A A A P b 43 A 1R s i o PCA
5V W TR 2 B8R (Williams et al., 2003).
A, FigRe2M ksl 2 HA A&
LR, R PCAT kb S5, R
PCAZF T 45 A, I FE b7 442 5 99% M 1T 224~ 43
AR R 2 AT AR AR AL Wl 43 A 5 0 (¥4 (K 2) . R
P o0 5 M B IR, X T2 4y 1R O R 624K
B R AL, AR S URERRBEAN . 5
1A 5 R ARSI A A R
>0°CHIS CIURMR . Tk FFE:>25°CIIIR M. E3E:
W I SIS R, 235220 T 0 5 R4
B R R S IR AW, T8
FE4a$02., BoRFEKORIE . B RE. iR $r8:>20°C
PIREL B> 15°CRI RS BRI KR
e R R FFE>20°CHI RS Al FrE>0°CHY
KA WA B B Sl TR 45413,
PR >0 mmif R E. FERE>5 mmif RE. HEI%
MR PR E>0 mmiRE. KEREWE. HFH%
TR 3R 52 AU R EEAIG T 20°C IR R 3K
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F1 AR A
Table 1 Environmental variables used to construct the model
No. Climatic variable Unit | No. Climatic variable Unit
1 Annual mean air temperature °C |32 Spring precipitation amount mm
2 January mean air temperature °C |33 Summer precipitation amount mm
3 July mean air temperature °C |34 Autumn precipitation amount mm
4 Spring mean air temperature °C |35 Winter precipitation amount mm
5 Summer mean air temperature °C |36 Spring precipitation intensity mm-d”"'
6  Autumn mean air temperature °C |37 Summer precipitation intensity mm-d”"'
7 Winter mean air temperature °C |38 Autumn precipitation intensity mm-d”"'
8 Cumulative temperature sums above 0°C °C |39 Winter precipitation intensity mm-d~"'
9 Cumulative temperature sums above 5°C °C |40 Cumulative days of precipitation above 0 mm d
10 Cumulative temperature sums above 10°C °C |41 Cumulative days of precipitation above 5 mm d
11 Cumulative temperature sums above 15°C °C [[42 Cumulative days of precipitation above 10 mm d
12 Cumulative temperature sums above 20°C °C [[43 Cumulative days of precipitation above 25 mm d
13 Cumulative temperature sums above 25°C °C |44 Cumulative days of precipitation above 50 mm d
14 Continued days of temperature above 0°C d 45  Cumulative days of precipitation above 100 mm d
15 Continued days of temperature above 5°C d 46  Cumulative days of precipitation above 150 mm d
16  Continued days of temperature above 10°C d 47  Maximum precipitation intensity mm-d”"'
17  Continued days of temperature above 15°C d 48  Cumulative days of maximum precipitation intensity d
18 Continued days of temperature above 20°C d 49  Days of rainstorm d
19 Continued days of temperature above 25°C d 50 * Index of aridity (k1)
20 Minimum temperature in the coldest month °C |51 SIndex of aridity (k2)
21 Maximum temperature in the warmest month °C |52 T lIndex of aridity (k3)
22 Cumulative days of minimum temperature in the coldest month 53  Annual mean bio-temperature (BT) °C
23  Cumulative days of maximum temperature in the warmest month d 54  Potential evapotranspiration rate (PER)
24 Cumulative days of temperature above 35°C 55 Potential evapotranspiration (PRT) mm
25 Cumulative temperature continuing below —10°C °C |56 Warmth index (WI)
26 Cumulative temperature continuing below —5°C °C |57 Coldness index (Cl)
27  Cumulative temperature continuing below 0°C °C |58 Humidity index (HI)
28 Cumulative days of temperature continuing below —10°C 59 Potential evapotranspiration (Em)
29 Cumulative days of temperature continuing below —5°C 60  Index of humidity (Im)
30 Cumulative days of temperature continuing below 0°C 61  Index of aridity (lay)
31 Annual precipitation amount mm (62  Index of humidity (lny)

TR AR K O U LT TR PR S TR AR Rk 2 0 A5 g B35 R TR T TR AR R (3 35 S TR
*: Index of aridity k1, Xie Lian Ni Ruo Fu index of aridity; 3: Index of aridity k2, revised Xie Lian Ni Ruo Fu index of aridity; T: Index

of aridity k3, Yi Fang Ruo Fu index of aridity

1.3 SETUER

FESARARA M eh, AWTFOR T T IPCCHEIRU Sty
BT (SRES)H A2FIB21E 5o IX 8 S i v [ Ak
MV e AV R85 55 AT R B8 e R RIS P | gk 11 e [
Hadley”<{ *.L>RCM(Regional Climate Model) & 4¢
PRECIS(Providing Regional Climates for Impacts
Studies) U™ A4 (VFS BESE, 2002, 2005; V1
B, 2005; JoiESE, 2005; FEFAE, 2005). A1 St
W T XA TR S, R BURZ TR JEFIEA H

B L H B 518, COLIk )% M20004E380 pL-L~'#)
20804700 uL-L™", 4Bk it s 4 3.79°C; B2
TR T XA S AT M S v Feal ke, AN
Ry (thAME SK), vk e, KA R R R
iR, COM )% M20004:380 uL-L™'%|20804F550
uL-L™", ARk o LI 1 4 2.69°C; FEvENY Sk i
196119904 ik F 2 {H, JEHENS 5t 5 AR 54 H
] — AN = A o X e A R LA G I Y
FH, BLFES JEAE ST 5 (196 1-19904F ) 5 LM E %)
AR 56 B MDA 3 BT AR Sk LA A A A A (VP e 5,
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Table 2 First 22 PC amount to 99% of the total variance

Component  Standard Proportion of Cumulative
deviation variance (%) proportion (%)
1 5.87 55.60 55.60
2 2.91 13.60 69.20
3 1.83 5.40 74.60
4 1.64 4.30 78.90
5 1.54 3.80 82.70
6 1.32 2.80 85.50
7 1.12 2.00 87.50
8 1.04 1.70 89.30
9 1.00 1.60 90.90
10 0.96 1.50 92.40
11 0.83 1.10 93.50
12 0.78 1.00 94.50
13 0.73 0.90 95.30
14 0.72 0.80 96.20
15 0.68 0.80 96.90
16 0.57 0.50 97.40
17 0.52 0.40 97.90
18 0.45 0.30 98.20
19 0.40 0.30 98.50
20 0.38 0.20 98.70
21 0.35 0.20 98.90
22 0.31 0.20 99.10

2002, 2005; ¥, 2005; J&HE%E, 2005; AEfh%%,
2005). A TS EEHE SR oA B A g —,
FH Kriging 244 33 6 = fige Hi H 3l 3ok 45 (1 4 1k % o6 K
/INN25 km x 25 kmFIRIFRS £ . Wi AT TR, T
S o A Ee s EATUCHES, FH COMS Ak 0 0 3 A
P B IR A% . BT RN B AR R, £33
15 77025 km x 25 km#ibi% b (10 <00 2 22 50

1.4 #RFE

43 28 A0 [1] )3 B (classification and regression tree,
CART) R 1Y 3 172 F SR AU 3 At 40 Aol 4 A1 1) HE A&
B, AL T2 FHSRARAL, 3 B A5 AR A R A 43 A1 5%
W ¥ 7772 (Thuiller, 2003). X R 2 4S5k =] A
KOy RTj, AT EETSEBOE AR AT AR 5 [A] (1) 90
R, T M A AR R 3 R A, K B B AR R
IR TRl 53 2 R nT Be PR A S, A — kKl 43 12 e
HAR 1 — R AR B e R, R R, H3
BHEA RT3 0 1k AR e A B AN [R], B AT ARG

SIREAE: AURARNS 6 Pk o An s (e 727

FRZR (3 2RB), W a] LTI BE ([RE B ), b my BL
IRGf 7S BA SR ARZNE . AR PR 70 R A
BRI R o AT R D FH 73 A R 5
WE IS, 5 AR A 7 XA 70 A1 il M BV R A
A s, ST o3 Al EE S N 2 PR AR il Y AR
H, AURE RN B F AR TN A R, SRAEA
MR IR, BREAT G, U xR
T N B FOTI AR R HEAT ) A R T, 2SR
AU AR B I B S SR AR 2 BN AR A% a2
(Thuiller, 2003). AHFFURHIX AL I3 B AL AL
X MR 3 A1 R SR, e/ T RUEOEFR10, 7 R i
Z7£1%4%0.010, H1 T CARTHELR LI o+ &5t (W) Fh 7 A
5 B2 UMK oR, W% Wb LRie%, L
W 4>0.51F S Aii A7 e AR HE, /N T-0.54E 4 43 A A A7
7EbrvE(Bakkenes et al., 2002; Berry et al., 2002 ;
Midgley et al., 2003),

Bt M, SeARAEe M H Ay oA e Bl 5
I BEAE Ao SR SR BT 28, SR 5 R T 2EHE
o SR X LR A0 A R A T oA, JF S
AL 53 A % EEPERBEABOR o W, T T AUC
(the area under the relative operating characteristic
curve)(AHX #AERAAE th 4 T A, FRoR BRI 4
R HLSOU I 53 A 2 0] ) — 2k, XA AR R R
— EOE R ) R Kappa(K) ZE 27 05 vE VP B0
fifi ¥ (Thuiller, 2003).

I HTTARAAL IS ORI AE D) S0 AT R L I, 5B 5T
He UE T (1961-1990 4 I BL) AN [i] B AL A0 175 S5t
(1991-21004F &AFAR) N X LeAH P I o AT YaIH, 1t
SEAN [A) A AR A 55N IX S8 A ) 71 1991-2020 4
2021-20504F . 2051-2080%#12081-21004F I Bt 73
ATYE T BT X MH o I HE B SR ) 7 B A 15 5
(1961-19904F ) 5 1991-20204F . 2021-2050 4F .
2051-20804F £12081-21004 i B 43 7 v [H] (¥ 2 5,
I T ARAA 5 XA 0 A AR A G H o 38 B U
I3 ARG = R T SR A SR AU A7 508 L 20 A A B
FEAENG 5T IE B A A% R x 100%. [F] IS, R AH G
Ir M7 VE I T IX SRR ) o3 A L AR R A AR A AN
KR AALIAR O, T2 To 7 VE 7 ik LeE
W)y A 3 B A 38 SR 4F K AR R I £ e R
KZ, {1 Durbin Watson J7 72K 56 ik 55 25 K I 1]
FF 30 ) 8 AR S, F Hildreth-Lu oy v 19 BR IX 22 (A )5
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KE T HAR R Z A1) B A DE(Kutner et al., 2004).
T[R4 38 A AR A = E (A s B A - A
BV, 5UR PR )R R R AR K AR
=T (BN FUBRE AR B K R — R RURE T BN AR R
IR ) AR AN B B HE Y SRR AR IR K x 100)/ 5 A%
R AR 7K B AR A 1 T o R R e 541991
21004F )R AE 1 5 (196 1-19904F )75 2 .

2 HRE5HE

21 BRI

B 7R, CARTHE BB (1 BEHE ARG 5T 6l )
IR I 73 A AR B PR, BRI SR H
S EL AT I A 9 70% A1 (3R 4). Si4h,
MR LA, 6 R 0 (K AUCE 3 7£:0.90 LA
b BRBESEESL, JLE R ) Kappa(k) 4t i (1 44 7E

0.75LL k, BLWIXT 22 AR B & R BT IX 4
W B3 A A P AGRTAE Ty 28 DO R 55 AT P R )
il XAk (11 1)

22 SETEMNEYLSHEERNFIE

AT a, SARAAL N, 6FRRIY H IS 5 A e
N, G A S SR RR 9/ M S dR K (95% LA 1),
BRI SR TS LR 55 K 2 (60%—80%), Fil i1
RIS EL/INE0% LA L), R B TERTAR 42 1
B M T EL 0 A Y N 1991-20204E I B £1]2051—
20804E I Bt 4t i, M 2051-20804F 32081-21004F
I B/, BRI, UL BR S L DR SR AL AN A I L R
BT IE LS L ATV A 1991-20204F I B
K, M1991-202045]2081-21004E I Bt ; #
2081-21004F I8 B, it P A o 38 B 4 A Y il e K
(80%LA ), BRIAFIZEOREF K 2, AR NI RR R

B iR ) 00 0 (A) R v fi (B) 4 A
A-1FIA-2: BB B-1F1B-2: #LRA; C-1F1C-2: #42; D-1FID-2: iRk E-1RIE-2: TEokAE: F-1FIF-2: WA o Jpr it

Figure 1 The observed distribution (A) and simulated distribution (B) of six plants

A-1 and A-2: Anabasis brevifolia; B-1 and B-2: Gymnocarpos przewalskii; C-1 and C-2: Haloxylon ammodendron; D-1 and
D-2: Ephedra przewalskii; E-1 and E-2: Ceratoides latens; F-1 and F-2: Ephedra przewalskii var. kaschgarica

R3 B R

Table 3 The assessment of modeling

Species AUC Effect Kappa value Effect
Anabasis brevifolia 0.96 Excellent 0.82 Excellent
Gymnocarpos przewalskii 0.97 Excellent 0.75 Excellent
Haloxylon ammodendron 0.95 Excellent 0.77 Excellent
Ephedra przewalskii 0.96 Excellent 0.76 Excellent
Ceratoides latens 0.94 Excellent 0.65 Good
Ephedra przewalskii var. kaschgarica 0.98 Excellent 0.73 Excellent

AUC: M E/ERE 2 FTIEL  AUC: The area under the relative operating characteristic curve
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Table 4 The distribution region of six plants under A2 and B2 climate change scenarios

Spe- Climate Distrib- Present 1961-1990a 1991-2020a 2021-2050a 2051-2080a 2081-2100a
cies s.cena- ““9” Observation Baseline Mean Standard  Mean Standard Mean Standard  Mean Standard
ros region (%) scenarios (%) (%) deviations (%) deviations (%) deviations (%) deviations
DYJ- A2 MQSY 100 76 42 9 44 11 42 14 36 15
Mz
X8Y 0 12 77 15 92 21 98 24 86 20
Z8Y 100 89 119 21 136 29 140 36 122 33
B2 MQSY 100 76 42 9 44 11 44 13 42 15
XsY 0 12 79 16 94 20 101 26 94 24
z8Y 100 89 121 22 138 29 144 37 136 36
LGM A2  MQSY 100 72 36 9 32 11 24 10 15 7
X8Y 0 13 83 23 73 20 74 25 76 25
z8Y 100 85 120 28 104 28 98 33 91 28
B2 MQSY 100 72 35 9 31 11 26 11 22 9
XsY 0 13 81 23 73 20 76 23 75 23
z8Y 100 85 116 27 104 28 102 31 91 28
SS A2  MQSY 100 76 40 12 41 14 41 13 37 14
X8Y 0 15 45 12 51 16 51 18 39 14
z8Y 100 91 86 23 92 29 92 30 76 26
B2 MQsSY 100 76 40 13 42 13 43 13 40 13
XsY 0 15 46 13 52 16 53 20 45 17
z8Y 100 91 86 25 93 28 96 32 85 29
MG- A2 MQSY 100 79 40 10 38 11 33 11 27 9
MH
XSsY 0 19 53 14 50 11 48 12 42 10
z8Y 100 98 94 21 87 20 81 22 69 19
B2 MQSY 100 79 40 10 38 11 35 12 31 11
X8Y 0 19 53 14 50 11 49 11 45 11
z8Y 100 98 93 21 88 20 83 22 76 21
TRL A2  MQSY 100 62 30 5 25 6 17 5 13 3
XsY 0 19 95 19 82 16 65 18 51 15
z8Y 100 81 126 23 106 20 81 22 63 17
B2 MQSY 100 62 29 5 24 5 18 4 16 4
XSsY 0 19 92 16 81 14 71 16 63 17
Z8Y 100 81 121 20 105 19 90 19 79 20
KSM- A2  MQSY 100 69 9 3 1 1 0 0 0 0
GMH
X8Y 0 18 14 4 4 2 3 1 2 1
z8Y 100 87 23 7 4 2 3 1 2 1
B2 MQSY 100 69 9 0 0 0 0 0 0
XsY 0 18 3 2 1 1 1 2 1
z8Y 100 87 16 5 2 1 1 0 2 0

DYJMZ: JEIH-BARG; LGM: $RRAK; SS: KR, MGMH: BUAERSY; TRL: JE4REE; KSMGMH: mfH AR MQSY: HHTEE >
A5, XSY: P& E /M i; ZSY: HIEE M

DYJMZ: Anabasis brevifolia; LGM: Gymnocarpos przewalskii; SS: Haloxylon ammodendron; MGMH: Ephedra przewalskii,
TRL: Ceratoides latens; KSMGMH: Ephedra przewalskii var. kaschgarica; MQSY: The current suitable distribution; XSY: The
new suitable distribution; ZSY: Total suitable distribution



730 HMiMSEAR 45(6) 2010

R A B SRR 85 /N (5%—30%), I HA21G 5 N84k
BUK, B2 50 PR

SRR, IXECREA) H I B4 A7 7 A L
M 1991-20204F 512081-21004F I} Be b, Hirhg A
JIE SRR B AR A de K, BROR AR AR SR FE e, TR R
B R RIAR AR /N o 0 B R A AR AR BT
B 3 A3 A e R A 199120204 12051
20804E I B4 i, ML 2051-20804F 51]2081-21004F
I Byl BRI, BREALBREE . G Sk ZRIE A R SRR
BT I N R L A3 AT G [ A £ A 1991-20204F
$]2081-21004F I By y; #112081-21004E 1 B, fi
A AR TR S 3 R 3 AT 5 T A i K (100% L 1),
MR AR L ISR R B RN B SR 38 7k 2 (65% L) L), Wk
SR BREE (10% LA )8, JF A2 5t F A2
K, B2 5t F BN ES).

SARARAET, OFREA H RIS AT B ME
I K AH M 1991-20204E 51]2081-21004E I By,
g A RR B AR EOR, R, JEkZE . AR
B R BRI AR U2 B AR AR AR H7 i
BN B AT G R ME B KA A 1991-20204F
$2051-20804F i Bt 4 i, M2051-20804F %2081
21004F I BE /b BRI MEALRRIE . Je gk B Fame 11
I SR JRR B 3 B A I R A3 A N Bl e ML B RAEAE
1991-2020 4 i Bt % K, M 1991-2020 4 £]2081—
21004E I Boyisly, I HAME 5 R ARLie K, B2 5t
NALELNS).

23 SETEREVZESHREHHNE

BRI 250 Lo BT o, AU A Ae T, R BRI H
T3 L AT Y 1R R R 1 e S S XK AN 3
L, OB A DORE [ AT TR A X Py AT P L
P8 K I D R S TV PR S A [ 2R DX
£ N E NP A= i) BN D P N i N e N N
P SO SR AN PG B, I B A DORE 1) S
AR P AL SARAE K 2E DX g, HLARSEIA A
Mo LT H A RUHT SRAC SR AR I 28 DA AR E
BRI AT L 7315 DX AR P8 i 1S B 2K e A 78 e
10— S8 DCBICRE AN PRI L, OB L 201 Y LR 1)
FL AT X A PE AL S AR AL — 2L DB g AR 3 H i
BRUNE TN S/ AN 2 i NI | QIR i R 1P
B ARG, OB I L A0 DORE 1R H RIS B30 XK

AR AU AL TR Le DY g, FLAE B s R R R
My HIR P A AR E; JEKEE H AE
NEI TS9N 2N N AN (O 2 < N 9 QL e ]
SO DR, AN G L, OB L 3 A DORE ) H RITIE By
AT APY S UL R PR AL TR, HAEAR
ABRE LI AL A 2 2 9 g e AT B SRBR 3 H i
BT ARG P AR AAb K vy a R Py g s i1 L
DX ASoR ANFE I B, O TR A Vi B S A 1R SR 7
AT FAE BOP SRV I R, L L A v R
. BEAh, A1 5N ARLEUR, B2 R AL

24 SERTURMHEVNSHRUESHEEY
mEREAK TR KR
ARARALT, AN ETRE A () 3 A B AR A R 4238 %
AR K BB AR DS TEA ] ARAR . L RR S, g
SR AL SRR B H AT BRI E B A
SRR AN B K AR B A DG R R AR I H AT IS
NER TR (NS SRR S Y 1 & = Y A AR N T |
T B AT S AR B K AR A R R AR DG AR
AH BT BRI IE B A e B S AR B K = AR A B U
K, HHIT S E A A S i AR A AR, BT
TE B A3 A0 S R AR A IR A DG o (EE A H
T~ ST B A A Y T 5 A AN K AR A IR A O
P K H IR RIS 43 AT [ S A A AR A TR A DK
PEYIAN R o BREARR H RIS B A E S A PRk AR
AR AR O BT 3E " J A Y F  4 38 AN K
BN PR Y @SS UNE R s RS w1 & iy
AR MAH AN B35 . BeAh, WA AT BRI
T AT S AR SR K SR AR AR DG,
SRR H O B4 A 7 ] B K R A TR e A DG PR
ORI E A A S AR R K AR AR O, de 2R3
S IBRNE 6 (TRENRE REEE R /s S P TV E P G2
L SRR B H I 3 B 40 A Y T 4 AR K AR A TR e A
KAEYR B2 (P >0.05) (%6).

B HE A 4 AT Yo T 5 AR 1 R RN A K AR Y
Z Ik RIAKE &Y, ORI Hildreth-Lu i iEHERR T
AR KR B B A . ZocElEa R, R
AR . ARAR 1A B SR JBR B80T I35 B RS 3 R 43 A
0 [ B A AN B AL B B H T 43 AT 9 BB B 4 P K i
(R BE IS B ek A o0 AT ¥ T il e 7K i P 48 o o
Iy BESLRREE . BRORAE. WA ULRR B OE A T



RAEE A URAAXT 6 FHSCEAR A 70 (K AE R 731

5 A2RIB2 M 5 T ORI 3 A0 Y il dme /IME . B KB AN h Ay 2

Table 5 The minimal, maximum and median of distribution of six plants under A2 and B2 climate change scenarios

Species Climate Distrib- Obser- Base- 1991-2020a 2021-2050a 2051-2080a 2081-2100a
scenarios ution vation line Min Max Median Min Max Median Min Max Median Min Max Median
region
DYJMZ A2 MQSY 100 76 24 67 44 23 70 44 12 67 44 7 61 36
XSY 0 12 52 122 77 58 135 92 65 152 89 58 132 81
Z8Y 100 89 87 189 118 95 200 133 88 213 131 68 191 114
B2 MQSY 100 76 23 66 43 23 70 44 12 68 44 11 65 42
XSY 0 12 50 123 79 61 136 94 65 152 96 59 142 88
Z8Y 100 89 84 189 120 95 201 136 88 212 142 80 206 129
LGM A2 MQSY 100 72 13 56 38 10 53 32 7 49 23 5 31 14
XSY 0 13 47 142 89 35 122 70 38 149 67 27 147 73
ZSY 100 85 66 186 120 50 175 101 47 191 93 32 171 88
B2 MQSY 100 72 13 55 36 9 53 30 7 51 26 7 41 21
XSY 0 13 47 142 84 39 124 71 41 135 71 35 150 74
Z8Y 100 85 65 186 114 57 176 99 53 185 96 32 171 88
SS A2 MQSY 100 76 14 64 41 16 72 41 11 74 41 11 61 36
XSY 0 15 26 74 45 23 98 50 23 91 46 17 71 38
Z8Y 100 91 41 138 86 39 166 91 34 165 87 28 127 75
B2 MQSY 100 76 14 66 41 16 71 42 11 75 42 11 62 40
XSY 0 15 25 76 46 22 96 52 23 105 50 21 77 44
Z8Y 100 91 40 142 89 37 164 94 33 171 93 32 136 83
MGMH A2 MQSY 100 79 16 62 40 13 63 37 12 61 29 11 52 26
XSY 0 19 34 93 49 30 83 48 27 78 46 23 64 40
ZSY 100 98 50 153 89 43 141 86 39 132 74 38 109 65
B2 MQSY 100 79 16 62 40 13 64 37 12 62 33 11 54 30
XSY 0 19 33 93 49 29 85 49 24 76 48 25 63 43
Z8Y 100 98 49 153 89 42 144 89 36 134 82 36 118 73
TRL A2 MQSY 100 62 20 39 31 15 38 24 9 31 16 7 22 13
XSY 0 19 57 147 95 47 113 79 29 112 65 31 96 49
Z8Y 100 81 76 186 126 63 151 103 38 142 79 43 118 63
B2 MQSY 100 62 19 36 30 15 36 24 10 31 18 11 26 17
XSY 0 19 55 121 93 50 109 79 42 111 71 43 116 62
Z8Y 100 81 74 155 125 66 146 103 56 142 89 53 143 77
KSMGMH A2 MQSY 100 69 4 35 10 2 28 3 1 19 2 0 10 2
XSY 0 18 10 59 14 6 43 6 4 34 4 3 25 3
Z8Y 100 87 22 90 24 7 81 9 4 72 5 4 55 5
B2 MQSY 100 69 4 32 8 1 22 3 2 16 3 1 10 2
XSY 0 18 8 44 9 4 31 4 2 24 3 1 19 2
Z8Y 100 87 15 83 17 5 57 7 5 40 6 3 32 4

DYJMZ. LGM. SS. MGMH. TRL. KSMGMH. MQSY. XSYFIZSY[rl#4.
DYJMZ, LGM, SS, MGMH, TRL, KSMGMH, MQSY, XSY and ZSY see Table 4.
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2.5 itig
AAGAS AT AN TR P b 43 A7 Y DR 25 7= AR AN 6] RT3 )

il lriMidgley =5 (2003 )5 8L A A% 4k 6 40 Bl 43 A 52 1
BRI, AARAAL N 28R b A 5N R 25 T IE H A
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ARARAG I I, SRR TR 28 R 234 kAR
TERE, 131 EE BRI ES. Erasmusss
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WY, 78% uH A/, 3% A RN, 2% K
dn, AWFIUA R R, AT, 6F A H IS
Sy AN CPIME S TR B S MER AR )ik, A



732 MR 45(6) 2010

2051-2080a 2021-2050a 1991-2020a

2081-2100a

2021-2050a 1991-2020a

2051-2080a

2081-2100a

B2 A2FIB2A AR LI 5 N 6 R 43 A i B (1 AR Ak
A-1-A-8: FEHE AN, B-1-B-8: #L9LAK; C-1-C-8: #:#%; D-1-D-8: JFEULRRHE; E-1-E-8: BE4%%E; F-1-F-8: WA R bR

Figure 2 The changing of distribution of six plant species under A2 and B2 climate change scenarios

A-1-A-8: Anabasis brevifolia; B-1-B-8: Gymnocarpos przewalskii; C-1-C-8: Haloxylon ammodendron; D-1-D-8: Ephedra
przewalskii; E-1—E-8: Ceratoides latens; F-1-F-8: Ephedra przewalskii var. kaschgarica
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Table 6 The correlation coefficient between distribution region of six plants and the changing of annual mean temperature and
annual mean precipitation in China

Species  Precipitation or air Distri- A2 B2
temperature change bution Correlation Partial correlation Correlation Partial correlation p
region coefficient coefficient coefficient coefficient
DYJMZ  Precipitation change
MQSY -0.139 0.147 0.022 0.822 -0.042 0.663 0.008 0.932
XSY 0.149 0.119 —-0.040 0.674  0.147 0.124 -0.072 0.457
ZSY 0.051 0.599 -0.020 0.839 0.094 0.328 —0.048 0.617
Air temperature change
MQSY -0.235 0.013 -0.193 0.044  -0.091 0.342 —-0.081 0.398
XSY 0.271 0.004 0.233 0.014  0.380 0.000 0.360 0.000
ZSY 0.099 0.300 0.088 0.362  0.249 0.008 0.236 0.013
LGM Precipitation change
MQSY -0.505 0.000 -0.118 0.221 -0.368  0.000 -0.128 0.183
XSY —-0.028 0.770 —0.044 0.649 -0.069 0.471 -0.124 0.196
Z8Y -0.234 0.013 -0.072 0456 -0.203 0.032 -0.114 0.235
Air temperature change
MQSY -0.668 0.000 -0.517 0.000 -0.516  0.000 —0.406 0.000
XSY 0.008 0.936 0.035 0.719  0.067 0.487 0.123 0.201
Z8Y -0.278 0.003 -0.169 0.078 -0.203 0.032 -0.115 0.233
SS Precipitation change
MQSY -0.021 0.830 0.061 0.529  0.053 0.582 0.066 0.495
XSY -0.108 0.257 -0.122 0.204 -0.064 0.505 —-0.145 0.132
ZSY -0.075 0.433 —0.046 0.634 -0.014 0.886 —-0.055 0.568
Air temperature change
MQSY -0.100 0.294 -0.115 0.230 -0.005 0.958 —0.040 0.682
XSY —-0.025 0.794 0.062 0.523  0.108 0.261 0.168 0.079
ZSY -0.062 0.518 -0.017 0.863  0.061 0.524 0.081 0.400
MGMH Precipitation change
MQSY -0.364 0.000 -0.104 0.277 -0.255 0.007 -0.101 0.291
XSY —-0.061 0.524 0.095 0.325 0.032 0.735 0.112 0.245
ZSY -0.234 0.014 0.005 0.959 -0.125 0.192 0.010 0.917
Air temperature change
MQSY -0.447 0.000 —-0.296 0.002 -0.325 0.000 -0.231 0.015
XSY -0.199 0.036 -0.212 0.026 -0.115 0.230 -0.156 0.103
ZSY —-0.361 0.000 —-0.283 0.003 -0.249 0.008 -0.217 0.023
TRL Precipitation change
MQSY -0.462 0.000 0.182 0.057 -0.323  0.001 0.132 0.168
XSY —0.338 0.000 0.225 0.018 -0.105 0.273 0.254 0.007
ZSY —-0.398 0.000 0.250 0.008 -0.184  0.053 0.269 0.005
Air temperature change
MQSY -0.822 0.000 -0.775 0.000 -0.744  0.000 -0.714 0.000
XSY —0.698 0.000 -0.671 0.000 -0.535 0.000 —-0.570 0.000
Z8Y -0.784 0.000 -0.755 0.000 -0.662 0.000 -0.679 0.000
KSMGMH Precipitation change
MQSY -0.404 0.000 0.065 0.500 -0.285 0.002 0.089 0.354
XSY -0.397 0.000 —-0.034 0.724  -0.281 0.003 —-0.030 0.759
ZSY -0.419 0.000 —-0.024 0.806 -0.298  0.001 -0.016 0.866
Air temperature change
MQSY -0.670 0.000 —-0.587 0.000 -0.640 0.000 —0.603 0.000
XSY -0.573 0.000 —-0.450 0.000 -0.483 0.000 -0.411 0.000
ZSY -0.616 0.000 —0.498 0.000 -0.536 0.000 —0.466 0.000

DYJMZ. LGM. SS. MGMH. TRL. KSMGMH. MQSY. XSYFIZSY[d#4.
DYJMZ, LGM, SS, MGMH, TRL, KSMGMH, MQSY, XSY and ZSY see Table 4.
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Table 7 The linear regression coefficient between distribution patterns of six plants and annual mean temperature and annual

mean precipitation change in China

Species Distribution region  Climate scenarios Bo B B, R D-W
DYJMZ MQSY A2 46.518 0.017 -1.877 0.056 1.862
MQSY B2 45.567 0.007 -0.934 0.008 1.920
XSY A2 78.195 -0.056 4.001 0.075 1.524
XSY B2 73.982 -0.107 8.060 0.148 1.588
ZSY A2 124.764 -0.039 2.104 0.010 1.684
ZSY B2 119.567 -0.101 7.111 0.064 1.749
LGM MQSY A2 41.843 -0.072 —4.423 0.454 1.850
MQSY B2 41.549 -0.087 -4.176 0.278 1.814
XSY A2 75.925 —-0.066 0.637 0.002 1.709
XSY B2 73.647 -0.191 2.653 0.020 1.721
ZSY A2 117.769 -0.133 -3.833 0.082 1.864
ZSY B2 116.709 -0.222 -3.127 0.054 1.820
SS MQSY A2 42.495 0.051 -1.187 0.014 1.792
MQSY B2 41.538 0.060 -0.500 0.004 1.810
XSY A2 47.960 -0.125 0.760 0.016 1.853
XSY B2 46.293 -0.164 2.679 0.032 1.956
Z8Y A2 90.401 —-0.080 -0.352 0.006 1.853
ZSY B2 87.775 -0.105 2.171 0.007 1.904
MGMH MQSY A2 44.213 -0.072 -2.578 0.208 1.887
MQSY B2 44.650 —-0.078 -2.539 0.115 1.891
XSY A2 52.203 0.074 -2.053 0.048 1.864
XSY B2 51.602 0.093 -1.843 0.026 1.776
ZSY A2 96.349 0.006 -4.619 0.130 1.954
Z8Y B2 96.297 0.014 —4.386 0.062 1.920
TRL MQSY A2 33.536 0.059 —4.767 0.686 1.491
MQSY B2 33.826 0.047 -5.033 0.561 1.646
XSY A2 100.174 0.244 -11.598 0.513 1.551
XSY B2 96.767 0.285 -10.542 0.332 1.558
ZSY A2 133.693 0.304 -16.403 0.638 1.680
ZSY B2 130.645 0.337 -15.642 0.479 1.718
KSMGMH MQSY A2 21.766 0.032 —4.380 0.451 1.310
MQSY B2 23.099 0.047 -5.552 0.415 1.383
XSY A2 160.222 -0.120 -21.458 0.329 2.124
XSY B2 163.076 -0.114 —24.305 0.234 2.159
ZSY A2 182.046 -0.088 —25.872 0.380 2.056
ZSY B2 186.208 -0.066 —29.884 0.287 2.083

DYJMZ. LGM. SS. MGMH. TRL. KSMGMH. MQSY. XSYHIZSY[f#4. By % By LMK EA L, By (EBIEAAL; R%:

YeE #%0; D-W: Durbin-Watson4i il

DYJMZ, LGM, SS, MGMH, TRL, KSMGMH, MQSY, XSY and ZSY see Table 4. By: Constant; B1: Change of annual mean pre-

cipitation; B,: Change of annual mean temperature; R*: Determine coefficient; D-W: The value of Durbin-Watson statistic
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Potential Effects of Climate Change on the Distribution of Six
Desert Plants in China

Jianguo Wu', Jiajia Lii, Qiaofu Zhou

Chinese Academy of Environmental Sciences, Beijing 100012, China

Abstract Understanding the effects of climate change on the distribution of species is crucial for the conservation of
biodiversity. The effects of climate change on the distribution patterns of Anabasis brevifolia, Gymnocarpos przewalskii,
Haloxylon ammodendron, Ephedra przewalskii, Ceratoides latens and Ephedra przewalskii var. kaschgarica in China
were analyzed by using the classification and regression tree (CART) niche model and climate change scenarios of A2
and B2. Climate change in China will decrease the current distribution of these plants greatly. A. brevifolia or H. am-
modendron will show a new suitable distribution or total suitable distribution region that will increase from 1991-2020 to
2051-2080, then will decrease from 2051-2080 to 2081-2100, whereas the new suitable distribution or total suitable
distribution region of the other plants will decrease from 1991-2020 to 2081-2100. In addition, the current distribution
region of E. przewalskii var. kaschgarica or C. latens will be fragmented; the southwest, southeast or south region of the
current distribution of the other plants will be reduced; and the new regions will expand towards west or northwest, north,
northeast of the current distribution region, towards the southwest region of Qinghai province, Konglun mountains, A Erdin
mountain or Qilian mountain. The change in the current distribution, new suitable distribution or total suitable distribution
region of the plants is poorly related to the change in annual mean air temperature or precipitation in China, except for the
correlation between the distribution region of C. latens or E. przewalskii var. kaschgarica and change in annual mean
temperature in China. The linear regression relationship between the change in the distribution region of plants and an-
nual mean temperature or annual mean precipitation in China was poor, except for the relationship between the change in
the distribution region of C. latens or E. przewalskii var. kaschgarica or the current distribution region of G. przewalskii
and change in annual mean air temperature or annual precipitation in China. Climate change in China will cause a change
in spatial distribution pattern of plants and decrease the current distribution region and increase the new suitable distribu-
tion region of the plants in the near future. With the increasing extent of climate change, climate change in China will
cause a decrease in expanding distribution region or total distribution region.

Key words Anabasis brevifolia, Ceratoides latens, climate change, endangered plant, Ephedra przewalskii, Ephedra
przewalskii var. kaschgarica, Gymnocarpos przewalskii, Haloxylon ammodendron

Wu JG, Lii JJ, Zhou QF (2010). Potential effects of climate change on the distribution of six desert plants in China. Chin
Bull Bot 45, 723-738.
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