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Abstract; Based on 220 distribution points of Gymnocarpos przewalskit Maxim. and 12 climatic factors,
main climatic factors affecting potential distribution of G. przewalskii were analyzed by using MaxEnt
model and ArcGIS system, and potential distribution areas of G. przewalskii in China under climate
scenarios of RCP2.6, RCP4.5, RCP6.0, and RCP8.5 during 2041-2060 and 2061-2080 were
predicted. The results show that the prediction result of potential distribution areas of G. przewalskii
under future climatic conditions is excellent by using MaxEnt model. Main climatic factors affecting
distribution of G. przewalskii are annual mean precipitation and precipitation of the wettest quarter, the
sum of their contribution rate is basically higher than 50%, and the contribution rate of annual mean
precipitation under different future climate scenarios is basically higher than 30%. In general, the
suitable distribution areas of G. przewalskii are mainly distributed in Aksu and Aheqi areas in western
Xinjiang and Hami area in eastern Xinjiang, southwestern Alashan in Inner Mongolia, central Haixi area
in Qinghai, most of Jiayuguan, Jiuquan and northwestern Zhangye in Gansu. During 2041 -2060 and
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2061-2080, the areas of total suitable distribution areas of G. przewalskii are the largest under climate
scenario of RCP4. 5 with values of 104. 60x10° and 104. 87x10° km®, respectively, and are the smallest
under climate scenarios of RCP2.6 and RCP8.5 with values of 90.81 % 10° and 94. 11 x 10° km”?,

respectively. It is suggested that precipitation has the greatest influence on distribution of G. przewalskii,

in which, annual mean precipitation is the primary limited factor. Compared with current distribution

areas, suitable distribution areas of G. przewalskii under future climatic conditions reduce evidently, and

eradually move to Hexi Corridor in Gansu with sufficient water resources (including Jiayuguan, Zhangye,

and Jiuquan, etc. in Gansu).

Key words:; Gymnocarpos przewalskii Maxim.; MaxEnt model; potential distribution area; suitable

distribution area; climatic factor; future climate scenario
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Table 1 Analysis on main climatic factors affecting distribution of Gymnocarpos przewalskii Maxim.

2041 42 2060 -4 N BTIRR %

i AR T Contribution rate under each climate scenario during 2041-2060
No. Climatic factor

RCP2. 6 RCP4.5 RCP6.0 RCP8. 5
Biol AESEIS R Annual mean temperature 5.06 5.62 4.41 5.32
Bio2 R 2% A ¥9{H Monthly mean of diurnal range of temperature 0. 68 0. 81 1. 66 0. 66
Bio3 S5 Tsothermality 6.30 6.47 5.08 2.80
Bio4 SIRZ1 AR 1L Variation of temperature seasonality 7.10 4.49 7.08 4.80
Bio9 T ZEEHS R Mean temperature of the driest quarter 10. 17 7.05 5.56 4. 88
Bioll e Z2 S Mean temperature of the coldest quarter 3.68 2.03 7.18 9.80
Biol2 AEHRE KT Annual mean precipitation 33.15 34.27 50. 66 22.74
Biol3 iR A Bk Precipitation of the wettest month 5.21 20. 83 0.25 3.56
Biol4 T H Bk Precipitation of the driest month 4.91 5.14 5.74 4. 89
Biol5 faK 52245128 Ak Variation of precipitation seasonality 3.26 8.67 4.27 5.45
Biol6 IR ZEE /K & Precipitation of the wettest quarter 19. 18 0. 63 6.20 27.52
Biol9 2 ZEFE /K & Precipitation of the coldest quarter 1.29 4.00 1.90 7.59
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#R1 Table 1 ( Continued)

2061 42 2080 &AM = N TR/ %

i’ AEE T Contribution rate under each climate scenario during 2061-2080
No. Climatic factor

RCP2.6 RCP4.5 RCP6.0 RCP8.5
Biol AR Annual mean temperature 5.57 5.81 5.48 4.96
Bio2 B IR 2 A ¥IME Monthly mean of diurnal range of temperature 0.95 0.76 0.33 0.52
Bio3 ZEIRE Isothermality 7.61 3.12 6. 46 6.61
Bio4 SIRZETTHEAE AL Variation of temperature seasonality 7.05 4.49 7.37 4.49
Bio9 T 2515 Mean temperature of the driest quarter 8.52 4. 46 2.24 8. 19
Bioll B B IR Mean temperature of the coldest quarter 3.09 6. 00 9.75 9.08
Biol2 AEFYREIK i Annual mean precipitation 18.48 43.36 42.91 43.36
Biol3 el H %7K 2 Precipitation of the wettest month 0. 00 0.42 1.83 3.42
Biol4 T H /K Precipitation of the driest month 5.40 5.29 5.02 4.27
Biol5 [ 7K i 2295 A8 A Variation of precipitation seasonality 1.67 8.36 3.39 2.80
Biol6 IR ZE[% K i Precipitation of the wettest quarter 39.92 11.85 11.28 9.49
Biol9 eI 2K i Precipitation of the coldest quarter 1.75 6.08 3.93 2.80

2B 7E 2041 4F % 2060 4F, RCP2. 6 \RCP4. 5 1l
RCP6. 0 B 50 N AR B K it (1) STk R 4 5 oK, 43
WK 33.15% 34. 27%71 50. 66% , 3 FL.,RCP2. 6 < fi%
TR T 5 e 2 B K Y BTk R K (19.18%) ,
RCP4. 5 S M1 5 T 5l A B oK & 1Y sk R i K
(20.83%) , T RCP6. 0 S M1 5 T HoAth S A5t I F 1
TUBRIGE /N RCPS. 5 S 5t T el =P /K 2 1)
TTER E B K (27.52%), Hok K AE R OK &
(22.74%) , TiAE 2061 4F2 2080 4F , RCP2. 6 S ff
ST Bl 2= B 7K Y DT R R0 K (39. 92% ) |, AR BB
JK Y BTk R R 2 (18.48%) ; RCP4. 5, RCP6. 0 Al
RCP8. 5 S5 5 M AR R K 8 19 sT ik 34 5 K (47
WK 43.36% A42.91% H1 43. 36% ) , 1 Z= 7K Y
ESEEFHTLERY

K2 MWRRAIHH

Table 2 Variation range of main climatic factors affecting distribution of Gymnocarpos przewalskii Maxim.'

TTHRR I Z (4050 11.85% (11.28% F19.49%)
SR | AF YRR K RN e 2R R K B X RRSR AR 43 AR
ISEA e K

XoF 5 MR R A 43 1) 3 B A PR 1 A AR A T TR
3700 255 03 2, S5 AR AR K R AE 2041
AEZE 2060 AE I KRAE N 113,20 mm Fe/IME K 101. 92
mm, M7E 2061 4% 2080 4F (5 K{H A 114. 92 mm e
/MEA 107. 10 mm; IR ZEFEIK R AE 2041 4F 2 2060 4
BB AE R 67. 01 mm F/ME N 58. 30 mm, [ 7E 2061
AEZE 2080 4F e KAE N 67.33 mm  Fe/IME N 62. 62
mm, SVARE , SIS R L, & AR
TP IEAAR TMESAE N TR, IR AE 2061 4R &
2080 4FiAF F K AH

)

AR 2041 4% 2060 4 2061 4F- 2 2080 4F

Gy RRT s Current 2041-2060 2061-2080
No. Climatic factor Unit — — —

Min Max X Min Max X Min Max X
Biol AR Annual mean temperature C 7.09 7.31 8.27 8.63 9.90 9.41 8.93 11.44  10.09
Bio2  EIEZEHIYMH Monthly mean of diumal range of temperature ~ °C 1412 14.16  14.14  13.80 14.08  13.93  13.79 14.03  13.91
Bio3 SR Tsothermality C 3.02 3.04 3.03 3.08 3.03 3.06 3.01 3. 14 3.07
Biod  KIRFETTHAEML Variation of temperature seasonality ¢ 11.24 1131 11.28 11.09 11.27 11.23  11.06 11.47  11.22
Bio9 I TZ PSR Mean temperature of the driest quarter T -5.70 5.49  -5.57  -3.60 2.78 -2.94 -3.53 0.05 -1.89
Bioll 1A ZEFHIE Mean temperature of the coldest quarter C -8.37 8.18 -10.10 —-6.26 -5.18 -5.65 -6.05 -4.04 -4.96
Biol2 4FE#RE/KE Annual mean precipitation mm 98.10 102.32 109.66 101.92 113.20 109.91 107.10 114.92 111.63
Biol3 IR MK & Precipitation of the wettest month mm 23.20 24.21 27.23 23.81 28.90 27.03 26. 41 29.52  28.30
Biold fx T AREKE Precipitation of the driest month mm 0.13 0.14 0.13 0.13 0.14 0.13 0.13 0.15 0.14
Biol5  [E/KEZEATMEAL Variation of precipitation seasonality mm 8.13 8.28 5.79 7.93 8. 88 8.45 8.52 8.77 8. 66
Biol6  IiBZEMEKE Precipitation of the wettest quarter mm 56.51 58.82 55.52 58.30 67.01 63.76 62.62 67.33 65. 30
Biol9 A ZFE[HEKE Precipitation of the coldest quarter mm 5.43 5.73 5.94 5.61 6.42 5.91 5.63 6.91 6.11

D Min: #%/]MH The minimum value; Max; 5 K{E The maximum value; X. FEY{H Mean.



SRAERT, 45 AR T BRATE & B e 70 A XA 5T 55

2.3 REKNEBEEESHBXSH

TEE S (1) W 78 2041 4F & 2060 4F, #f
R B R A DX T2 B L0 A A I P S A R P
#B, 7E RCP2. 6 TMEIE ST MR AR G Az X 8L
S3 A TE R BT 75 AR B L BT 5 IR AR | TN AL
FIIE ARG, TR 0 5 03 DG G 0 S N ke 4 v
T, N SE T (R BT 5 P R S 5 Bl R IR R B A Y 3
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SYAEIX, 5 RCP2. 6 S M 1% 5tAH L, RCPS. 5 K&K
SR BRARRTE R i 7516 H R A 5t b X Ry 38 A=
X AR BN T 5. 47x10° 1. 86x10° 0. 65x10° Fil
4.62x10° km*,

TIZE R (K1) iR W . 78 2061 4% 2080 4F,

PR AR i A X 5 2041 42 2060 4FFARAHIA] {H
£ RCP4. 5 S ff 5, #R AR AR 9 i 2F X1 AR A
K, HAE BB 5 A7 S ow g3 A6 HON 5 ¢ N5
BT VY AL ER A o A T B K, 5 RCP2. 6 AU
1 SAH L, RCP8. 5 S5 1% 50 F B R ARTE B Hov
I 52t b DX 33 2 DX T AR 0 S i T 5. 93 % 10°
0.66x10° F11.25%10° km>, 7E RCP8.5 S IHH T,
BRI A 437 DR B S 40 /DN | 76 PN S BTy 35 VS
FATH R AR AL e 2 lH K . 5 RCP4. 5 S 5t
FHEL ,RCP8. 5 S5 5t T #RAARTE N5 FH R 1)
T A X AR D T 2. 76%10° Fi10. 85%10° km?
TNZE A (3R 3) M 7E 2041 4F & 2060 4F, #1
AR EOE A X H FRAE RCP4. 5 S = F ik
(104.60% 10° km® ), 7£ RCP2.6 & 15 & F & /)
(90. 81x10° km?) ; I H , AR AR & | b 3 A= X 1 A
JIr i L 7E RCP8. 5 St 5t M A K (1. 98% ) , 7E

N50° N50°

N4Q° s ™=20  F NINGIYE= g iy S

N50°

B | N40°| et

N50° N50°

N4Q° LG | N4o°

N50°

| Naoefezmmm= ZUN

1 1
E80° E100° E80°

[: k34X Unsuitable distribution area; [l i 4: X Low suitable distribution area; [[]: —#%i#4: X General suitable distribution area; [_]: HVifiA=
[X Middle suitable distribution area; [ll: #5i&%4: X High suitable distribution area.

A,B,C,D. 2041 4EZ 2060 4F T E5 L Prediction results during 2041-2060; A. RCP2.6; B. RCP4.5; C. RCP6.0; D. RCP8.5. E,F,G,H. 2061
AEZE 2080 AFAY M LS SR Prediction results during 2061-2080: E. RCP2.6; F. RCP4.5; G. RCP6.0; H. RCPS.5.

E 1 MaxEnt ERFTNHNRERAREEESESHEX
Fig. 1 Potential suitable distribution areas of Gymnocarpos przewalskii Maxim. predicted by MaxEnt model

R3I KRREBFEETREAEEEXERAT S LG

Table 3 Area percentage of each suitable distribution area of Gymnocarpos przewalskii Maxim. under future climate scenarios

2041 4F2 2060 4F AT & L il %

2061 4F-2 2080 4F- WAL A L il %

A XA Area percentage during 2041-2060 Area percentage during 2061-2080
Type of suitable distribution area
RCP2.6 RCP4. 5 RCP6.0 RCP8.5 RCP2.6 RCP4. 5 RCP6.0 RCP8. 5

fiiE 2 X High suitable distribution area 0. 08 0.01 0.07 0.03 0.02 0.00 0.02 0.01
Hi&E A4 X Middle suitable distribution area 1.53 1.90 1.77 1.95 1.63 1.94 1.65 1.46
— L&A X General suitable distribution area  3.25 3.92 3.60 3.74 3.55 3.78 3.71 2.79
{KiE 4 X Low suitable distribution area 4.59 5.06 4.58 5.11 5.02 5.19 4.97 5.54
JE A2 X Total suitable distribution area 9.45 10. 88 10. 03 10. 83 10.22 10.91 10. 35 9.79
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RCP2.6 155 F i/ (1.61%) . 7E 2061 4 & 2080
A BRI B AR X TH AR AE RCP4. 5 St 5 T i
K (104.87x10° km*) , 7 RCP8. 5 1% 5t F i /)
(94. 11x10° km?) 5 3 H, B A B & | opad A= X AR
Fr i LE Bl 7E RCP4. 5 S AAE 5t F fe K (1.94%) , 7F
RCP8. 5 Ml & N e/N(1.47%)

3 i msEib

FERRBE -, BRIAE D) 53 A 1) 2R 1R S f
T SR AR ] B S B A B R AR
A X AT RSN MR BE AL M
GEEER S R AR R AT SR B X A
OYAT PR 45 5, (L RA K R 2 52 i 5 Y DX A )
A RE SRR T, ARWFIE R, MaxEnt A5 i %
2 AR R 23 A 5 i R B S R, 43 ) AR
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TR R SR IEA L 2] 509% LA b, 1 AR 4 [ oK B
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FEIR XTSRRI A R, SEHb I 2 R B, AR
KL A K ARV X A IR0 R | L b R et DR
A7 0TS TRE D 33 S X 5k g 4 2 B 7K {90 ~ 100 mm,
MR AR A R 5, X P P 2 R 2 K
GRS AT TR, EDUE T R AR AR A 23 A 5 el 7
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PEAH SR> e A, #RAR R B BRAR A A X B
BRI P B RCER | 77 B AL ER | T i S48 R Z
RO BE S BUR 230 J8) 1 H X . MaxEnt A5 75 ) 4%
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2R HP R TR PGS 100 BT 5 R R A b DX
ZREB e DX, PN 5y BT 58 T R S, I P
DX R, R R 58 i G R T SR AR AR P AL, B
B AARAMEAEA BRI B R A DX e/ N 22 7
I 5 P A XA P 52t PG e S R S B
IF 3 A e B 8 G SR H AR PE S HeAth R 443
A7 DX R — e A X RIS A X, IF L, —fad AR XA
AV A DX 0 T 1 P9 5 oy BT 35 1 X A | LTI B i
i/, BFFTFI LI 100 45k H A0 4F R K = 0k 3l
A G (H R A S B D A ) S e AR
HIBFFEAS SRR W] 78 AR SR SRAF T, o B A i s+
SADXORR I X ¥ 45 /0N 1 52 X B K A 4 A

BRI e X T A% . AHFSE R, S BRI A XA
LU BRORARTE AR A 918 A X 2 46 /0y,
(i VA T U A XTI S5 S 20 M XA A DX T AR 2
W/, 32 1 H AT P A R K 1 T A DX (A
HR BIFEIA I TRABORITF SR 55 ) £ 30

SE k.
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