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Abstract: Based on 62 natural distribution points and 15 environmental factors, we analyzed and predicted the potentially
suitable areas, driving factors, and ecological niche parameters determining the distribution of Fritillaria walujewii under
the reference climate of 1961-1990 and under the predicted climate of 2050 (2041-2060). We based our predictions on
RCP2.6 and RCP6.0 scenarios using ArcGIS and the maximum entropy ( MAXENT) model. The major results were as
follows: (1) under the reference climate, the potentially suitable areas for F. walujewii were mainly restricted to the Altai
region, western and southern Junggar Basin, southwestern Alashankou, southern Ili River Valley, and western Turpan
Basin. Specifically, the most suitable areas were concentrated in southwestern Junggar Basin, Tacheng, and the middle and
southern Tli River Valley; (2) the potential distribution of F. walujewii in 2050, based on two climate scenarios and
compared with the reference climate, will possibly decrease by about 0.94% and 0.23%. The new potential habitats would
mainly distributed in the western Junggar Basin. However, the most suitable distributions for F. walujewii are predicted to
become slightly smaller ( by about 0.42% and 0.39%) in the middle and southern Ili River Valley and Tacheng; (3)
annual precipitation, precipitation in the driest month, mean temperature in the driest quarter, and altitude were the main

limiting factors affecting distribution of F. walujewii; the total cumulative contribution of these factors was 88.58%.
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Ecological niche parameters that determine the most suitable areas under the reference climate were: an annual precipitation
of 248—669 mm, precipitation in the driest month of 3-19 mm, mean temperature in the driest quarter of —22.7 to

—-2.0°C, and altitude of 1350—2100 m.
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SR TR B N T 2 AR R G SRR . Rk S b T R I A ) 2 AR Y 3
KU IR S RTR A L BT ArcGIS 5 A AR FUN M R VB TS , AR R R R R
AR 25 5 W) 2R Al e BB AR JRURS: 1T LR B A AT £ 0 BRUR 1) 10 % 5 s AR 2 <A 8 A X A= )
ZREMERE R 2GR S A T S SR 56 Y E A B TR, B 2 T % v 2 b SR AN I
W, R0 A N Sl x5 A 25 FHAR A R R B B AR A R v B T A TR SRR BHEr, LR
— S 24 FHAR ) A AR A AR B I B R . BT LA JR T A A SR TR TR0 30 6 245 FH A ) AE A ) S 1
S N AR AR AR B SO AE ST AN UR] 48 5 25 P AR A 1) S5 R 355 , 38 T LA 3 A P 1 Bk 2 A 4 (dn gt
ST AR PR X)) SRR L

SE9E 0B ( Fritillaria walujewii) )8 &R (Liliaceae) , WHEHE ( Fritillaria) , 24 BA oM F 525
HAFEZMZAME" . BramolEEr AR EERE P2 524 JTH B A6 B TR
BE S8 ARSE A BT TR LR S A R A B i 2 R S S TR E S 3 B B
FEAME S (R i T UE IS S i DL EE A 35 10 T30 S5 IR DL Rk HL bR 9% 25 119 55 K 1 R 42,
ISR T RRUR 20 e 1 R 0, e AR LA B 4638, P L AZEME AR AR R B0 A fE e B il
REC S A Al B 1 e . BT R AL, B R &2 S M I bR T 8 DLRE T A b B4
Pt (H 2 B (ARG Pt 825450 /N, P eI, R T AU BT T LA S5R39 S 14 R A A i L
N TR) 1l DX 3 A R AT o B ) L o33 1 B gl PR R AR 28 SN T o 02 A Ol A A8 Aok X iz A
PRIV AE 53 A1 0 TR 25 [8) 53 A 4 Jmy 1 AR ISR 2 3 SR 22 [ A0 1 AN PR IR Rt fes 24 AR W gk A T
M AP SR HAESL, B, 3T GIS TR 5 A AR BIAN 57 05 28 A% 56T #r s DURE I i 7E 40 13
P 5 25 ) 3 A gk sy, XoF i W fa A ) 1 A B R 5 e DX AR LA B B

HEAT IR 0 VS T8 43 A B0 B, A 22 Bl AR TR A 9 o A R R TR RS AR F O e B e A A R
(MAXENT) AR 3 TR | KAy il B B8 2 W32 2 A L A AR A Ty 2 T 5 1) DX 43 ) 11 3 A= DXCRI I
WA X AYRE S . MAXENT $#RE YR E A5 X AR BERRAE S5 X SR Al AL G 2R | & A6 A — 2 PR A
SRR T FR B S5 K A ME R0 A (BB 51 0504 ) VR B 34, FH T A 03 A8 X Fel, i H.,
MAXENT J&7E 0—100 [193% 2 RUBE b 5000 B — A% 1 A S50 A6 1, 7T DA b DX S5 ) A e AN ] b DX 1) 3 A=
FERE ., AT, BT MAXENT A7 A4 T o i v e g, B0k 12 B T B A AR RR G i) A W b 14
PRt R T 0 A M TIOI  W Sh RVEAE S A IR AR A TR A T DA R 2 A
WS A A B TR S I R T R R A S

ARG T IPCC (Intergovernmental Panel on Climate Change ) 5 F YCHE IR 45 B9 5015 5 o LR Mk B B A%
RCP (Representative concentration pathways) 2.6 (fIlHEEUESE) M RCP6.0 (HAEHEUE 5t) A MM T
B, LB A 5 SR 2 AR AR 04 1 DR R 455 R DR 1SR A A B, R B R S R R
ArcGIS T HAG TR E A AAR S S5, 10 6 245 F AL A 588 ) V8 A8 40 A1 98 L 25 ) A% Sy S AR 4k
B FEFRDE LT BRI (1) BT B et DURELE B SR 00 70 A ¥ 7 5 (2) AR A M8 A XT3 5 DL B 1438 B 4%
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B DURE Y A SRS A Bl , R BOR IR T 8 R RSk i E S 2 PR R IR R A A
FEPIFRAE (http . //www.cvh.org.en/) , LKA E FARPRS X BT UEF- 55 (http - //www.pape.cn/) , FEIEF] 118
A HIRG G AL B T T2 YRR R F AR A DX, X 2 AR B 1 43 A o5, N B T R AN i B DL K 22
o B A WM L 0 A, S REBRARAG 62 A BATHER A (5 B A AR R T AT IR
1.2 FREECER IR 5 AL

AWFFEILIE I 37 D IREE A -, Hodr, 19 A 9 S5 72 1 i 35 8008 SR IR T 4 BR AR ) M AR A 1
(http://www.worldclim. org, %5 [A] 73 #EK 30 s) ;17 4>+ 3 7 508 ok U5 1t A 3808 %2 ( Harmonized
World Soil Database, HWSD, %5 [H] 7334 30 s) , HWSD ¥4 45 2 3% (0—30 cm) EUE A LIRS
A pH (E, BT HWSD B4, I ArcGIS 4 Ji P 7 By i) T HAR IS 40 Jm P 5l | 2k =5 (a4
(B 5 A SR 2
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R T kG BT FH 9 25 PR R Z ) A SR 2R 1 ASIF X R FH MAXENT 1) T D076 37 AN 3058 Bl T4 o kR K
INHEFTHERY  ZEHUCT 15 A~ BT A Z F1>90% IR EE K 7 48 9 AN AW AR it |5 > - 548 & AR 2L
P (1), T B BRI

FIFHAE Py b BRA5 B R G4 DIVA-GIST.5 BEHLZEEKME 75% 09534 2 TN ZREE8Y | I A 1 2 25% 14953
Aji 25 T IR AR 8 10 RER , KA SEE B S BE KRN WA RS mE R
(9 10 YR L5 H HR BRI ArcGIS SR I MAF R B F LA 45 00| I T B 0 3% EA 708 AR 9 ) oy
bRk IR ArcGIS 23 (8] 434 T HARIUAS [R] 005 T 368 B 4341 DR S ad B 43 A DX PN 45 S B IR 1 A=
BB SRR/ ME S KA
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Table 1 Environmental factors used in this study

BT LR T

Environmental i3 Description Environmental #§3& Description

factors factors

Bio 6/°C B H B ARHR Min temperature of coldest month Bio 19/mm B ZE[EK Precipitation of coldest quarter
Bio 7/C SIRFHZ Annual temperature range t_gravel A1 43 L Percentage of gravel
Bio 9/°C &% T ZF S IR Mean temperature of driest quarter || t_oc APk S Organic carbon

Bio 12/mm AR Rk B Annual precipitation t_pH +4 pH i Soil pH

Bio 14/mm T H Bk & Precipitation of driest month t_sand VP E: Sand content

Bio 15 [ 7K Z= 45 ¥ Precipitation seasonality (CV) t_clay H +Fi Clay content

Bio 17/mm fx T 27K i Precipitation of driest quarter Alt/m AR Altitude

Bio 18/mm I Z=E K Precipitation of warmest quarter

2.2 BEIRIGAOEAN 5 B

FIFH ROC (receiver operating characteristic) [ZE T 4L AUC Rt Kappa {26 B0 A TR ) A 41 35k
Ho AUC Hl Kappa 1R G B 5350 0—1 Fl-1—1, FFPPEUTHE R AR (B8R R A A (14 40 W 7 i, 1
R 1R BRARE O, SRR ALFIO ) 43 A X5 PR S PR A X S8 V)5 (H>0.5 , R B ROR 4 T
B, T L, AUC {6 =0.9 il Kappa { =0.85 #BF7~ R (Y BT4DL 25 5L AT A5, AT LA Ry s 14 1 e ol 114 1
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AHESEHE IR B L 38 TP S0 77 R AreGIS 25 0 GMBF T LA FFAT CL R4 AR Wt A1
P 1SR PE  JF TSI (AR o RPPH (i, JEFE p=o -l I, D40 5B 2404 X I Rt 7.4
1K 568 p =B B, X5 S 5040 1K R S e A 1K 7

3 ER59M

3.1 AR AR DXTRO B R AR R A3

T AUC F1 Kappa {EPEO BN A1 S0 A5E T 17 DLBE ) F00 0 A5 76 30 ELAG A v I e Ik (3 2) o ELIRuE 76
FEUE S 2050 (2041—2060) B B i A1 5 T, BERIBLIL 45 SR B0 0E 1Y AUC fH¥ KT 0.970 (FrifE2E SD <
0.012) ,Kappa {H¥I KT 0.854 (bR SD<0.014) , Ui BB RRTHLL A v ff 1 55 =, AN RIS 78 o 40 22 [ () A
PR, BB A 8 RSO0 A 0 DL 1 8 7 305 A DXl R A 2 i DX R 0 LA s v A e M R T B
DL, AR ST T BEAN ) S e it T A 7R R 0 AL, A S 500 0 56 DL RV A 43 A DX R S 2 ) e 2 AL 8
55 DURRVERAE A A (038 B ME R 200 3 ANEESR . P <32.01, AN3d B4 332.01<P < 66.37 38 B 407 ; P>66.37 , I i
HOE (R 2) .

*2 HREAEARESETH AUC {E . Kappa EMBE

Table 2 AUC values, Kappa values, and the used thresholds of distribution models under different climatic conditions

AR 5 AUC fH Kappa {# (i Thresholds

Climate change scenarios AUC values Kappa values & B Suitable 435 Most suitable
1961—1990 0.970+0.012 0.854+0.012 31.98 66.53
2050RCP (2.6) 0.979+0.010 0.869+0.011 32.04 66.42
2050RCP (6.0) 0.977+0.011 0.874+0.014 32.02 66.16

AUC (Area under the curve) ; liZE F I FL; RCP ( Representative concentration pathways ) ; 1175y B B 4%

DRI, 30 968 DL P05 A X = S v o ot 2 el X o WS 1K 235 b 16 S R Rl 8 BT 7 L 1 W g 3 P
BT R AR A PG (B 1) o e SRl B 43 A A R T N R 8 VR S P AT 45 R AN
PEH X, BLAR B FE I AR M R FEEL RAR ER RS 05 IR BT e e TS R AR
A5 R ve i ILER OB DL S R L

ARG SE T, 3750 U1 B 38 B 49 A7 1R v A B, 7 T 8 2 R T 8 B 1 S 7R 235 b 7 5 s
TN (0.94% 1 0.23% ) (£2 3) o (H2, f5eddi A B 50 AR BRI A 180 (0.42% 1 0.39% ) |, 18/ 1 53 A 2 B4
HE I 5 B R AR  BE  BR B T B TR B VG AR T R P R A A A L PR X

R3 FARASETHENBRELEX BEBAXR REEXWER GFEBERAEEG] (%)

Table 3 The areas proportion in the unsuitable distributionssuitable distributions and the most suitable distributions of Fritillaria walujewii to

the total areas of Xinjiang under different climate conditions

SRR 5t Climate change scenarios

15 AR A9 Suitable grade

1961—1990 2050RCP (2.6) 2050RCP (6.0)
AiEA X Unsuitable distribution areas 84.45 83.93 84.09
i@ 4= X Suitable distribution areas 12.20 13.14 13.37
feiE A= X Most suitable distribution areas 3.35 2.93 2.54

TiHN AT B I T AR ARG 5T i DURE 437 1 ARAR 22 HAE G i o Sk v AR AR A5 ol B 3 A J LA
Bl 2 T AR R A AN R A S R TR L S AR (R 4,5) . RRAME (T RCP2.
6 1 RCP6.0 17 5t ) 55 B <ol Lo, it DU BEFE AR 40080 6 HEL AT 35 b DX 1) o B0 A1 T ARORE B 8 ik 20>
WD L3218 0.22%F11 0.45% , 4 XA LU IZAE P 78 I I3 B A s 2D L 4 3 B 2, S 292R 0.12% 5 HaRk &
TR A Ry 0.11% , ARASMET i DL BEAE AR R e 5 26 Bl 8 28 04T 5 119038 ‘L 43 A 1T AR 2 38 o
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Fig.1 Potential distributions of Fritillaria walujewii under different climatic scenarios

R 5) . Horb TEFTEh 28 1R 340 HE BB, 25058 0.14% 1 0.15% 1 H., AN [R5 i D1
BEAEAR K R ARE B A TR, P20 0.60% 5 FUO B 28 5 2100 0.43% , FRUOER 2 ar &

R4 TRSKETHERNGREESHHERLE (%)

Table 4 The areas proportion in the most suitable distributions of Fritillaria walujewii under different climate conditions

HiIX Regions  1961—1990 2050RCP(2.6 )  2050RCP(6.0 ) ||HilX Regions  1961—1990 2050RCP (2.6 ) 2050RCP (6.0 )
PR 0.17 0.13 0.08 HHEE 0.46 0.40 0.39
AR 0.20 0.17 0.14 i1 NI 0.31 0.22 0.16

£S5 TRKGETHERFNEESHREERLSI(%)

Table 5 The areas proportion in the suitable distributions of Fritillaria walujewii under different climate conditions

HIX Regions  1961—1990 2050RCP(2.6 )  2050RCP(6.0 ) Hi[X Regions  1961—1990 2050RCP (2.6 ) 2050RCP (6.0 )
[SEES 0.14 0.34 0.22 iR 0.33 0.51 0.45
A R B 0.57 0.58 0.64 #HHER 0.17 0.18 0.20

3.2 SHMAEAE S K S A T

RIRV A IEBE T, 45l 98 DL BRVE AR o A (14 OGS R 1 S L STk 3R B b — 3, B A3 . A 38 [k &
& TH (—4Eh Aok RN A ) B T3 (—4EiEL: =4 H A PR EZ MmN ZEE) F
PR AR , 2ELTTRAR Z FIIA 88.58% (SD =+24.62%) , Hoh KRR T 4 A1 HSE 2 STwkR 40 5N
39.03%(SD=%12.06%) .36.35%(SD =+13.26%) 9.16% (SD==4.23%) F1 4.03% (SD=+1.95%) , FrLL, KK
PR, AL G B K I - 359 5 A A it 2% A X 3 i DR ) 9 7 43 A RS D M, 738 BBk 2 A3k 75.81%
GyA0, i DR R AR B DL R VB A A A s AT S, BRI 2.47%
3.3 SEMTETE S A AR AL S HL

98 DY (1) B 3 BT A DXRISE ‘B0 A DXR B, 45 50K 20 DR 1 785 A v PR 2 B0 1 i /N ) e 3, Ul B R )
Xof I DR 114 A8 Ak EL AT A v T 0 3 T e R L AR A A X A R A IR A R D I R R 2 —
(%6),
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FLARUE SR T AR K R T H B K 76 38 B3 A DX A A B T B B A X, T & 1Y
BUEZ AT IS R TE 8 . RCP(2.6)TH5E T, 3 B 43 A1 DX A AR 2 R /K R 45 A0 250 (E 1% J 251K T i
WEHAM X (269.73 mm F1349.19 mm, 1809.02 m 1 1995.48 m) , 16 — & AU KUE 78 A 3 24 K F B il B A
X (F6), Mife 2= 1SR B DX B S4B R LA e T i B X (¥(EAH 22 3.5°C &£ 47) . RCP(6.0) 1
BF 36 B B A0 XA L, AR 3B K o, 5T B K il 1 21 38 0 25 (RN LR A 2548 K
AR YE TS & TR & (F22 221.23 m) , 25 I, FEUESE I 2050 BB i A Sl 5 1, B S B bk
SEGRIENN B DL RE A A P34 5K B R AR R I (B T iy, B AR Ak I 4 A 3 s e T H K e i 3
(BRI BRI AT AH 26 AN T e 2 1 8 AT A 2 (RN LR A s )

A 5 B E SR AR LG, 7R 88 DL RE BT 7E 70 A X, AF -2 B K i i YR 23 2 24,65 mm, fx
T2V SRR EHE R - EIBRAR Y 1.67°C , MR IR T2 TH = 2 444.52 m( 3% 6) , AL H,2050 B
B et DUBREAE 3 A X B A= B 2 00 il IR ik e s iR Ao SRR | B DRk el
M X S T 1A BB EON AR K & 248—469 mm, It T H K B 3—19 mm, fix T ZE 50
-22.7—=2.0°C , 14K 1350—2100 m,

x6 FARBETHENGER REESTRHESUSE
Table 6 Ecological niche parameters of the suitable and the most suitable distribution areas of Fritillaria walujewii under different

climate conditions

3 A A S A s W B F Environmental factors
Suitable grade Climate scenarios Biol2 Biol4 Bio9 Alt
X 1961—1990 AL 118—494 2—20 -27.5—24.9 720—2833
Suitable distribution e 290.92 11 -11.31 1732.76
areas 2050RCP(2.6)  7AF{LiLH 124—461 2—18 -28.6—19.2 765—2960
e 269.73 10 -11.11 1809.02
2050RCP(6.0)  ZEfLILH 276—486 3—20 -23.4—-133  860—3833
e 333.46 11.5 -13.58 2527.01
il A X 1961—1990 AR Ak 248—369 3—19 -22.7—-2.0 1350—2100
Most suitable ¥ifE 299.73 11.5 -11.77 1696.86
distribution areas 2050RCP(2.6)  ZF{LiiHl 267—494 3—18 -23.9—-2.1 1260—2822
by 349.19 10.5 -14.55 1995.48
2050RCP(6.0)  A&fkiLm 270—469 3—20 -23.4—-3.6 1568—3080
bEaii) 327.55 11.5 -13.61 2305.78

4 HRSiHR

(1) ABFFER A MAXENT A58 R iy B30 1 AN [R) A T 24 AR 00 7 38 DL R 0 86 004 8k A A Y 5 A
AIEENE, IR T A S A ZOR (B 1,38 6) o FEUAEME T, B8 DLEE i ¥ £ o0 A 5 24 P i i ok
L B L ] i 2 4 X, KA o S R 3 M AP0 4 A B e A P00 A A B (P 1) o A ) el B Y A B
A TR I X B BT A e X 30 g o s DL R R A IR A 4 SR B AR SR 1%
FEL TSR 23 A7 3 ] 2 2 A v G St DX, 43 T R o2 T o, X b S AR 0 A A — B
FLAUE i DURE (938 B A X 2 E AR e Bl 28 T A R A E R AL VAL B K& RLRE R A
UV T2 St EL A M Rl B A X R B TR R R S FE L IR MR R B TRUR R RS O T R eI
JeHhve JLEE e RIEK A (1,38 4,3 5) HET, RAEE T R MITIG T X% 25 Rl Y 4 914 #
T AE TR S A, AR RE R [ T AR, ASBIF 70 B TS B 45 SRR 43 2R 0 1) B3 R 43 A IXC, AT LA
A DU REAE T R A8 B 0 0 X, o mT AR A ) A SRR IX R T

(2) FERMBFFERE b, SR YRl oA () B b e vl s DR 120 RIS v, e 7K 1057 289 2% P A 3
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S, PR TR DRV AR B A A SRR T i DL RS I R A A DX AT R K R A
299.73 mm , 2 fLIE Bl K 248—469 mm; iz T H FEK &AM R 11.5 mm, ZIEE N 3—19 mm(F 6) ., 1M
2050 st B A XoF 32 v A A, 7 5 D1 305 BRI R 325 BT 43 A DX 14 A ST 359 [k K o A 491 S 7 A 31 L A S 3 s
P B DR — P E R I 2R A Y, 2050 BF B, TR D . AR B 43 A VI R AR G R o M R s
BEICE 1) L AR B A DR T AR I LR RS (TR 1) B A0 A DX A B SO S B IR
T AR (2 6) , RRAMET , FEA b A 43 A Y00 Bt 465 2 0 S 1) 1 205 38 0 v YA 4 b DX B B 340
FLURUL, 7R ARSNGB 5im DL R B 40 2 A g 305 B o WS 7 2 b 2 3 A0 BT o A DO s Bl fin (35 3, 3%
5) . CAT RISt 3 IH A SR A A 155 5% T i S v MBS R 230 L R 5] Ay 2 s [X. ) B /K B A S B A 20

(3) ARAMEIE =T, B DUREZE AR T L 6 H BRI B 5 B 5% N 1) o3 40 A T ORI
IR I B 1 5 B A3 A TR D — 2 A A TR AR 2R A EL 9 38 B0 A T ROKs g s (1B 1,26 4,5) 0 R
gk, A s e X BT AT AR E A A FTHR R A A E AR TR O BT
SR E A RSG50 F 0 A T B K A b X, AT LAAE Ay 5 b 15 b %) S50 1 X, 53 o AR S B A
B A A )0 5 58 DL B 8 P A 0 A X B HL A 280 B, 38 nT LASE Sz F SRR X B 7, iz
P LR HE RS AT . (HAESERR R P H B % SR 5T IX 4 R/ g A AR A, DA B A AL T 25 S v AN
e e

£ 3L HR ( References)

[ 1] Parmesan C. Ecological and evolutionary responses to recent climate change. Annual Review of Ecology, Evolution, and Systematics, 2006, 37.
637-669.
[ 2] AradjoM B, Alagador D, Cabeza M, Nogués-bravo D, Thuiller W. Climate change threatens European conservation areas. Ecology Letters, 2011,
14(5) . 484-492.
[ 3] s AR =Fh 25 IR oA TR . DA% . BRPGITIE R %, 2015.
[4] BUEE, FBF555. Hrim D BLm A YO TR — B A WS I HOIT M. P B AR, 1990, (1) : 2-5.
[ 5] TRV, ZEmerE, SOHGE. dLHERo M X B 5 WA Fritillaria walujewii SRR // 2B 9 Ji KRG TRIRFEABHT &G SCE. )M .
[ | 4R BT 22, 2010.
[ 6] JRa&sE, WAoR, sar, FIbIs, X R, BRI, v 5K Ll DO 86 DL REFa Rt 1% 2 e ROCPRIEE N . T 5 IXBESTE, 2017, 34(1) :
119-125.
[ 7] WBEE, HER, AR TESHIGL YRR A. B#. BRR-2EoR L, 2012,
[ 8] Staton H, Ashley SrJ, Ashley Jr J, Mooney P. Method and system to monitor and control devices utilizing wireless media: US, US8290515. 2012-
10- 16.
[ 9] Hernandez P A, Franke I, Herzog S K, Pacheco V, Paniagua L, Quintana H L, Soto A, Swenson J J, Tovar C, Valqui T H, Vargas J, Young B
E. Predicting species distributions in poorly-studied landscapes. Biodiversity and Conservation, 2008, 17(6) : 1353-1366.
[10] HhHfg, BUME, E0RJR, Bob, 0505, AL MM IIE B R, RS2 247K, 2017, 36(5) ; 1243-1250.
[11] Phillips S J, Anderson R P, Schapire R E. Maximum entropy modeling of species geographic distributions. Ecological Modelling, 2006, 190(3/
4) . 231-259.
1 OIRERE, BEBE R, B, BRBIE. ST Maxent BWTAN A f S (22 B AAT) (1 2 BRIE AR XTI, A=) 24, 2014, 22(2) : 182-188.
[13]  EbARAME, SRilMy, BKPRE, o, SR A0 52 ki T o0 905 FEURI 23 [ A% Jm s R AR 2527 4i, 2014, 38(3) : 262-269.
] LA, SEM, BEEE, AcfEds, EORAE SERM AR 0O WAE IO Sm BRI S . AR, 2015, 35(9) ¢ 2960-2966.
] wERE, AR, RN, B, JET MaxEnt A /N A2 B R SRR 78 th A0 3 AR PR A, AR 4, 2010, 36(3): 110-112,
129-129.
[16] akbk, 247, JURE, 2R, URAA X AL BE S M BE RET AL SR 2 0. 22282441, 2016, 36(7) : 1815-1823.
[17] Bosso L, Luchi N, Maresi G, Cristinzio G, Smeraldo S, Russo D. Predicting current and future disease outhreaks of Diplodia sapinea shoot blight
in Italy: species distribution models as a tool for forest management planning. Forest Ecology and Management, 2017, 400 655-664.
(18]  EUAME, &M, Foskl, Tk, 40K, BT Maxent Fl ArcGIS Tl I DURREFE S Se il ELMEATA. AMITESY, 2014, 34(5) : 642-649.
[19] 3RAET7, SK3E, S0A%, PMRUE, B7%, A, WP R, JET MaxEnt B8 A0 24 1T S BR AR 2508 B XM SRR T, 2R & 284R, 2017, 37
(15) . 5111-5120.

http ; //www.ecologica.cn



8 £ ¥ i 39 %

[20] Fielding A H, Bell J F. A review of methods for the assessment of prediction errors in conservation presence/absence models. Environmental
Conservation, 1997, 24(1) ; 38-49.

[21] Cohen J. A coefficient of agreement for nominal scales. Educational and Psychological Measurement, 1960, 20( 1) ; 37-46.

[22] Mg, WtSF, RLLME, S/, MBEET, A2, BT MaxEnt FI ArcGIS B9 # 4 KB BVE X RIFFSE. P E P24, 2016, 41(17)
3186-3193.

[23] FElith J, Leathwick J R. Species distribution models: ecological explanation and prediction across space and time. Annual Review of Ecology,
Evolution, and Systematics, 2009, 40 677-697.

[24] B M. g DA (2016-06-03) [2017-12-08]. hitp://www.xjxnw.gov.cn/c/2016-06-03/501257.shiml#.

[25] Bertrand R, Lenoir J, Piedallu C, Riofrio-Dillon G, de Ruffray P, Vidal C, Pierrat ] C, Gégout J C. Changes in plant community composition lag
behind limate warming in lowland forests. Nature, 2011, 479(7374) ; 517-520.

[26] ZE20, A&, B, Bis. JET IPCC 5 N R X A SR S A (b Filflh . IR, 2012, 34(4) : 602-612.

http ; //www.ecologica.cn



