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Mountain and its simulation and prediction can help to reveal the adaptation strategies and feedback mechanisms of plant
distribution patterns to climate change at the mesoscale. It has important scientific and practical significance for promoting
biodiversity conservation and sustainable management of forest resources in Arid Mountainous Forest Ecosystem. Based on
the data of distribution points of Picea schrenkiana and environmental factors data, the maximum entropy ( MaxEnt) model,
GIS tools and R software were used to estimate the potential distribution range, spatial pattern changes and niche
differentiation of P. schrenkiana under the reference climatic ( 1970—2000 ), Representative Concentration Pathways
(RCPs) based climate scenarios in 2050 (2041—2060) and 2070 (2061—2080). The results showed that; (1) the
potential distribution of P. schrenkiana in the reference climatic was basically consistent with the Normalized Difference
Vegetation Index ( NDVI) vegetation cover change in autumn of 2019. The high suitability distribution areas are mainly
distributed in Hami, Balikun and Yiwu in Eastern Xinjiang, the north slope of Tianshan Mountain, Bogda Mountain, Beita
Mountain and Yili Valley in Northern Xinjiang, and the south slope of Tianshan Mountain in Southern Xinjiang. In
addition, it was also distributed in the southern slope of Altay Mountain, Tacheng, Yumin, Tuoli, Western Kunlun
Mountain and little Pamirs mountain. (2) The key factors limiting the potential distribution of P. schrenkiana were
precipitation ( Precipitation of driest month, Precipitation of coldest quarter and Precipitation seasonality ) , temperature
(Mean temperature of driest quarter, Annual mean temperature, Isothermality and Annual temperature range) , soil profile
available water capacity, soil carbon density, and altitude. Their cumulative contribution rate reached 87.28%. (3) In
2050 and 2070 periods, the suitable distribution range of P. schrenkiana showed no significant increasing trend, but the
RCP6.0 scenario was more significant than the RCP2.6, with an increase of 3.33% and 3.47%, respectively; The low,
middle and high suitable areas maintained relatively stable changes, the growth rates from RCP2.6 to RCP6.0 scenarios are
about 1.78% , 1.26%, and 0.98% , respectively; and the center of gravity of suitable distribution areas showed a trend
towards higher latitude and northeastward, but the change amplitude was not significant. (4) PCA analysis showed that the
climate niche of P. schrenkiana was the most extensive in Southern Xinjiang, followed by Northern Xinjiang, and the
narrowest in Eastern Xinjiang. Niche differentiation test indicated that there was no significant differentiation in the

Northern, Southern and Eastern Xinjiang.

Key Words: Picea schrenkiana; potential distribution range; spatial pattern; niche differentiation; MaxEnt model
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2 S5 R SR AR X W) A 25 A 1 5 e 5 A 250w PR R AR LR W FR 0 A AR A ( Species Distribution
Model, SDM ) 3 i #Ff 5 7i 515 FRBEECHE 22 18] 14 5 Z R AP Rl e 36400 A X VS TE M A RS TE 2 Fh
AF B Fh A A AR h | A= 2547 R 2 /0 BT A ( Ecological niche factor analysis, ENFA) £ 70 H A H#E 44K
% ( Multiple Adaptive Regression Splines, MARS ) & fx K i #&% A ( Maximum Entropy , MaxEnt ) szt o Horh
MaxEnt 581 L HAb S i B A B0 X A3 R (Al ) A= IX A RE 7™, FLFE A3 A B0 A BR i/ IVRE A 50008 11
THOLT, A5 R MRS = B N T AR R AR R Y SR A X )
PO X A5 2 RS RGRRE MER AT SO AR IS A o A DX TN > A AT, SR A 2 2B A b A
A F SR R AR ], AWFFEEET IPCC 45 5 T4, 19 RCP2.6 (fIRHETSF 57 ) F1 RCP6.0( 45
HERCTE 50 HERCR 5 1SR B R R i , R GIS LA R B MaxEnt FEALAE 3L
fBEFNAA NG T T RAZTEH S TSRS A T 23 (A% Sy A8 A S AR 25 3 AL, B TR LU TR B2 ). (1)
BAFIEUE BT T A2 HYVEAE S5 A1 908 BB | va 365 AE 2 A DX R 5 0 HG A3 A 1) SGBRE DR 5 (2) BRI RO AU 22 1k
XU 2 A2 AT L0 A Y PR 5 (RIS J) 3 BRGS0 5 (3 ) Ml s AR R UM A2 A T AN ) B [) 508 5 A2 B AR 2
PLoTAERREE

1 #MREFE

11 RIS A Hdhe e U5

HTE AL TR E P AL TR IX AT 73°40” — 96°18” E,34°25'— 48°10" N 2], [AIfRZ) M 1.6x10° km?, L5
TR TR B R SR Y LR G AR R] A AR A BT =L P R SR AL, JE RS BT R ZR 1L
R Ly R L S ARV A 1) (29 1700 k), FEFRM EL LR BE P O OB (IR R R PR, B R
2R BT A FTEe FRK A TIZE K UM H IR FE R SFRRAE , Sl 1 T 5 U0 i, A X N R b BT
a5 BRI A LA W KO SR e T A 22 R RS RGBS U
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en/) Ko HARGRY X BEIRF- 15 (hitp ://www.pape.en/) o E3R45F 65 A A IR0 md, HEA B 35 T H e ZAZ7E
BRI FAR A0 DX, W EARTR B 2 A a5, MBS T R AR08 BAK DL Je 20 45 B o 52 iR AL 43 A o5, e B3
A 53 A HATUER M (5 B A A T AT A
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KA (biol7) I MEFEFFIK IR (biol8) Fet® Z=ff /KR (biol9) AR (AlL) o AR TAREIEIE T PCC 2 LKIF
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html, Z5[B] 53 #E4% 5 aremin) |, 73 5 M 25 ( Bk : Bulk density) | FH[E]FF/K & (Fe: Field capacity ) |, 435 A 30 &
7K1 ( Spawec; Soil profile available water capacity ) |, 138 ik % i ( Sc: Soil carbon density ) . 1 3 #25 & (Te.
Thermal capacity) & 2% & ( Tn ; Total nitrogen Density) 2 Z5#5 i (Wp: Wilting point) , [RIEf, N2k 1T H E Rl 2%
Be PRI Bl 58 0 (http ://www. resde. en/Default. aspx ) 2019 4E#k 2= (9—11 H ) A% NDVI( Normalized
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fi B (5 B A S (http - //nfgis.nsdi.gov.en/) T2 1:400 J7 9 o EATEIX K]

FERSSRURE A Z T, B SERIH ArcGIS 10.2 85 7 4> 3RS BE T XU M4 {75 12 T SRAE I 30 s, FHHI 588 114 1l
T DR A 3 AN NDVI BSR4 TS 3, 3 — 20 LA SCHR Thic 8019 1200—3500 m 9 1A Fi 4 B TS
WA NDVIAE B 58 . 985 FITH MaxEnt v3.3.4 19 T80 (jackknife ) ¥ 27 N3R5 PR F-4% STk R /)N
HEF , L0 52 508 ZAZEE A 1Y 14 DRI (£ 1) . FIH R 1B ecospat fLiF47 B [H] ) A 2
7 — R E (Nich identity tests) , 84 1000 KB HE & 1155 Schoener's D Fll Warren et al.’s I {H., - TMEHY
JEREIR[0,1], FASAIE D 5 1 WEKT 100 YR WA AR5 1i , 28 W M BRA (] 1 A6 2507 &
AT 43P R vegan” AT 32 LAY 43T ( Principal component analysis, PCA) | 43H7 AS [ 41 18] (4 #1355 K 1
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Table 1 The 14 environmental factors used in this study

W7 ik BRI+ ik
Environmental factors Description Environmental factors Description
Biol4/mm T H Bk E Alt/m K

Biol5 [k 245 P Bio3 TR
Bio19/mm W FE K Biol/C AEEY R

Bi09/C T Bio2 R H
Spawe( %) e T A ALK Bio5/C IR s i
Bio7/°C SRR 2 Biol1/°C Bl 2 Vil
Se/ (kg/m?*) R Bio6/C ¥ A AR

1.3 AL 5 5l o3 b

T FW B2 w5 14 A IREE T 7 ISR T 9 B, B o A S8 5 A 58 T80
FA MaxEnt 58, S0 E A 10 REE FEHLINE A 7328 25% 500 WEAC WS {E 2 0.00001 , HiAth 2
BOARAE . FIFH AUC {7 (the area under the ROC curve ) Fl NDVI A #% 7 55 /0 Fi A BB UL RS 12 . Horb, AUC
FTNDVI [ BUEE 4300 [0, 11 RI[ =1,1] , AUC {E R 1 J2BRARE I, 35 A ASE A F0000 (14 43 70 X 5 0 Fp 52 B 43
X TERWA E>0.5, RARBICERLF FHEHL; AUC {5 =0.9 RRBURCRN AT . NDVI 48 £ 7 8 2% 7 b ifi
B A IK E% 0 TR A A SR A TR A A w5, ELWERE o5 B 38 ROmi e K

i R OT VR HERL S T BRI, 43 Bilis 3] 2050 F1 2070 BB S 81 5 (RCP2.6 . RCP6.0) , it
RSS2 N A AUC 3918, R ArcGIS 10.2 (425 ) 43 Afr T2 i /% 3 SR 18] Wr 25 43 900 (Jenks ) X 4338 A
GG (AETE AR X AGE A X PaE A KRGS A X)) IR SR R A 5 Tl AR S B E A, TRl SR
FEME SR AAR S N T/ A2 BE A AR X B R AR =30% ) K H U o AT ARV SR T
JUfT R RS S 5 R B 48 7 38 A 40 AR IX R AR 4L

2 ERE5H

2.1 FRESE T T TE ML IR S AT

FEARRV NS Sl i B R, /e 242 10 IREE AR AUC {HI KT 0.9(Fr#EZE SD<0.005) , i HH A [F]
B B RE RT3 10 YR B2 400 1) B (B EL AT B i AR M IS A X SD < 0.491 il B X SD <
0.103FIEEA X SD<0.219(F£ 2) .

FRAE MaxEnt SR ZE R EIMETE RN, IS 2 A2 0 & 18 A o0 A X BRI R I pg dL w3 A
U MG B M X HARUE PR AR B A 7E s 2 | UL L R - A b b 8 32 200 A 7 AR SR L b
g, RN IR 2 A6 AR R\ SE RS LR B WEIEE Y8 A U | s RO T A
M, K3 FEE TR R ) g8 & JFERIAT R ZE TR R T S AR BTG A A b, DAL 48 R A AE D
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T e JUER OFR KR el IR BEEORWIAIRRIAE S . T3 Ah  TERTR ZR I m g S R B VR
G AR R LA 734, R 0 A2 B TAE 23041 DR 2019 4EFKZE R NDVI AR 35 70 A5 BE AR
¥ﬁ< F/g] 1) o

2 HHEBEEARSIETH AUC EFHE

Table 2 AUC values and thresholds of distribution models at different climate conditions

[#{E Thresholds
AR AUC fH - - ; X g :
Climate scenarios AUC values R AE X B K I A X
Low suitable area Middle suitable area High suitable area
1970—2000 0.945+0.002 8.901+0.490 28.261+0.077 55.314+0.073
2050( RCP2.6) 0.946+0.002 8.901+0.491 28.263+0.078 55.287+0.047
2050( RCP6.0) 0.946+0.003 9.001+0.439 29.480+0.103 57.473+0.219
2070( RCP2.6) 0.947+0.004 8.902+0.490 28.232+0.013 55.360+0.136
2070( RCP6.0) 0.947+0.005 9.031+0.487 29.441+0.077 57.287+0.066

AUC: HiZ T FY Area under the curveRCP; HLTIk B %42 Representative concentration patways

ot 1970—20004%

40°N

[ AEEAEK
E{E&iﬁiz
i A X
SRR E AR
80° 90°E 8b° 90°E
0 400 km

1 BESKETIRIMHEESE 2019 £EH NDVI ZE 53
Fig.1 Potential distribution under reference climate and NDVI spatial distribution in autumn of 2019 of P. schrenkiana

NDVI. I5— k(B %L

2.2 SN Hb IR AT SR Bl T

TESEMES AN T A6 T 08 = AL VEAE 70 A 1 AR IR F (MR =30% ) AR Ak I S 3480 - e+ H K
i (1—7 mm ,2.98 mm) FFEIKETTPE(61—85.75.53) (Fei® Z=FE /K i (5—18 mm ,10.63 mm) Fe T2 V-2 B
(=17—=12°C .- 10.82°C) . KR AF 5 2% (31—44°C . 42.59°C) 5 ¥R 1 (26—31.29.00) AFE ¥ (-3—6,
3.31°C) R HER A RS K (16%—22% 17.76% ) |+ 3ERk % 5 (5—18 kg/m® .8.56 kg/m”) FIREHK (1500—
3200 m 2132 m) , H BTk R 2 Tk E] 87.28% , HAS P FXF 10 Y &2 R BTk R FEE  hrifE 22 SD<
3.18 (£ 3) . Jdb, 5wt A E AR RV 22 V34030 B X 508 ZAZ WAL 53 AT s A/ | R DT hy 4.30%
2.3 AR TEALE 53 A 3 P A Jm) 1) 5 il

TR L AZHE 2050 F1 2070 BB F BYTEAE /3 A i 1Bl 5 S UE SR LE , 3 R B 3 A inka 4, {H RCP6.0 1
FRAP AR RCP2.6 55 35, 43 P48 T 3.33% A1 3.47% , H e 3E AL 0 A X BEAT 08 (P 1 B 2 32 4)
BTG T AR oA X AR P AR SR 0 & ZE AU TT b DX JGIE L VY g | B H e DA DY S FE M X, R i R A A
FORIURIAT b DX | 2242 CRORI RIS IX. | T 2 558 1% P 285 7 M R 2 | TR S 068 e 7 o S PO 8 L AR 2 b 1Y o % B
C LR R A HU /NI 7 RCP2.6 1 56 F , F A MU X 38 = ZE7E K Il ma 3, 43 Bk 2> 17 0.08%
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#10.01%

#3 MaxEnt SMEXHXRBEFNERZEEBEESHTHETUEE HIERREHE
Table 3 The variation range, mean value and contribution rate of key factors to the potential distributions of P. schrenkiana defined

by MAXENT

S ARG ¥iE TR/ %
Climate variables Range of variation Mean value Contribution rate
BT H Bk Precipitation of driest month/mm 1—7 2.98 17.103.18
[% 7K Z= 957 Precipitation seasonality 61—85 75.53 13.41£1.66
Fe % ZP /K & Precipitation of coldest quarter/mm 5—18 10.63 12.30+1.71
I TR Mean temperature of driest quarter/°C -17—-12 -10.82 8.12+1.35
S IRAEHY% Annual temperature range/°C 31—44 42.59 6.30+1.33
SR Tsothermality 26—31 29.00 5.87+0.78
A 3597E Annual mean temperature/C -3—5 2.31 5.41£2.22
- 383 T A5 345 7K 2 Soil profile available water capacity/% 16—22 17.76 6.93+1.32
F- IR B B Soil carbon density/ (kg/m?) 5—18 8.56 6.01+0.69
K Altitude/m 1500—3200 2132 5.83+0.46

20504¢ (RCP 2.6)

Il a4 s X
. RS AKX I RE X

B2 72050 #2070 BT E-F RCP2.6 1 RCP6.0 5= EES FEEMESEMNEESBRTHE
Fig.2 Estimated change in predicted distribution range and patterns of P. schrenkiana in 2050 and 2070 according to scenarios RCP2.6 and

RCP6.0 compared to the distributions under the reference climatic conditions

G AR DX R A DX R A DX AR AR PR A G B 1 A8 Tk 34 fE A RCP2.6 3 RCP6.0 15 5t &M
N LB R TR A R BIAE 1.78% (1.26% F11 0.98% 447, TiAEIE A2 IX £ RCP2.6 Fl CP6.0 1 5t F A
TR (R ),

AR BE A AT 5 38 A 20 A DX EC (JLAT ) GE S iR 1 08 A28 A 40 A IX Y 284k
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B, MNIEAESEF] 2050 F1 2070 BFBLf RCP2.6 Fil RCP6.0 55t T, I8 2= 4238 AL 40 A X O ik | 52
P R LB B I AR R B A (HARfRIR N 3 (R 3)

F4 FRASKBETERZEZIEEEEE ENNBESARLSHEERNESL/ %
Table 4 Percentage of the unsuitable, suitable, new and lost area distributions of P. schrenkiana to the total areas of Xinjiang under different

climate conditions

B4 Y] Suitable grade

A A‘ : : _ s Wb
Climate scenarios Bt X R X B A X SRS New Lost
Unsuitable area low suitable area middle suitable area high suitable area

1970—2000 68.37 17.88 9.07 4.68 0 0
2050(RCP2.6) 67.77 17.94 9.38 4.91 0.78 0.08
2050(RCP6.0) 63.71 19.76 10.67 5.86 3.33 0
2070(RCP2.6) 67.76 17.92 9.42 4.89 1.52 0.01
2070(RCP6.0) 63.77 19.68 10.65 5.90 3.47 0

2.4 P ARG AL

ST 14 AHRBER T PCA TR T IR 5§
O3 72, 3% 1 TG S, FUA — AR A T A 20805 (RCPe0) S
47.7% 75 5 PCA S AT BT 2 A% 10 1 B I S
SO ICBIK . JRIEEAE 4 SO RV T 18
ZASAEACTE | P SR A% 3 R R ) 8 0 A 25 Ak (]
4) (R BER R AF AL — e 2 5| IR S 1 A 5 A $ 20mote Rep26)
] Yl BE VLA (bio 1) IR 3 R BE (biol1 1 bioS ) 25 1F /N
%?’5“0 1970—20004 .

83°E

3 g
A e e o B3 SBELEATEREZEESESTEHNELREBIINT
}Jﬁ’fﬁé%ﬁ*ﬁﬁ%ﬁﬁgﬂ/{]{a Eﬁﬂ‘ﬂ %ﬁ,Xﬂ“:Fq:[XU_I Fig.3  Gravity center of suitable distribution areas and its

AR ALY Z R R DK IRTRTE ST HRFSE R B moving trajectory of P. schrenkiana under climate change
N, RS , FS SRR 5
v EAE ) A A0 2R A0 /0 A5 Y LA 2019 4EFKZE 1K) NDVI AR 9 7 75 70 BBl R AR — 2 (HAE NDVI A9 5 K g
SRR AT Y AE R L R EE R P A T ) BT IR % L e 3 24 B A v 1 B T B AR A, AU S Y sk i
BRI T A O, J5 3855 R 28 L b DXCHC Al AR o (8 A7 26 A O, P AP RIS 00 VEAA R 25 42 FPE 47 F
WAL DT

S5 R 29 Rl e DX 3R BE I A 25 18] A Y R, L KRR R e 3 SR L AR A E 0
MaxEnt A 25057 R KSR M0 508 25 4250 A5 RS P 0FAh 5, 45 SR R AR K (T A Bk 2 5 B RK
AR KA TR B MRS (TR R ZE SR MIRFR ) REMTF IR 20 £ 2
IRBRIR - B IORTT i 8 3 2 A o RS 253 () 52 M P ) b B335 91 RIS A 431 DX 2 PR3 i 7 T 1Y)
FESH X E5EAWFEHR MaxEnt BRI G 2 A2 7R AR 1L AT AE 0 A 5 1 s A2 TN R B 1
T o SV 43T A St DR A S A s T B RN Ak — 30 TR AT S A0 3 B - 3935 T A 38 B K i
- S 5 AR A A S 3 A (R B R 2 — . Z AT YRS R R B R o A A R i R R
HAL b A SRR R o A R IR ST A AR K B KR IR S AR A B R
ARILEZ AR e P 06 R B RAE IR K S A7 ORI, L2 (B0 A% = 5 W b Z2 e
WY AN, FIE =42 B FE IR 1200—3500 m 22 6] ) 3 4K 2 2 i A A i £ B R &
Z—
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Fig.4 PCA analysis of 14 environmental factors and consistency test of niche differentiation among different geographical groups
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