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382 b T AE R 2E 2 4 (A SR BR 2 R 559 %
0.6 Ap 1.0 Ap  08F Ap
0.4 il oor

=0T 0.6
i 0.4}
gl 04}
02k o
02} “r
O 1 L 1 ] 0 1 ] 0 1 ]
~1000 1000 3000 5000 7000 O 100 150 200 —500 500 1 000 1 500 2000 2 500
4k /m |3¢7J<£§‘D PEAR K /mm mﬂz Z 1 [ K B:/mm
0.8 Ah 1.0 Ah 08 Ah
0.6 08 0.6
= 0.6
E 0.4 04 F
) 04}
02 ol 02}
0 1 1 1 ] L ] 0 1 1 1 1 1 1 ]
-10 0 10 20 30 40 50 0 0 £ © 2 2 8 g2 g 8
k() B 2 H 24/mm i "z 22 42
7R % 4 /K B /mm
1.0 Ah 055 Ah 08 Av
0.8
0.6
06 050
il
iy 04+
b 04r
; 0.45 -
02k 02F
0 1 1 1 1 J 040 1 1 1 ] 0 ]
~10 40 25 0 25 50 75 100 125 2000 4000 6000 8 000
S 0y foe iR B C L2 (0~30 cm) Wk & /% K /m
0.60 ~ Av 0.8 Av 0.6 Av
0.55 F 0.6 |- o4
i T
o050 0.4
H
%) 02}
0.45 F 02}
0.40 1 1 1 | 1 1 1 ! 0 1 1 1 1 1 1
0 20 40 60 80 0 50 100 150 200 —500 0 500 1000 1500 2000 2 500
FERAA LR/ C [ 7K 295 AR A /mm F I 25 FE P 7K/ mm
Ap. FAMK; Ah. KRIERK; Av. ZAGZK

El3 ZTHH3I NI ESESE TN L

215 13.13% (& 4-¢).

242 ZEEHSHARARTALAS MaxEnt £5 A
WR, FUMGE B XA 25 ik a3 (1 S) . 75 2041—
2050 AE SR SAE TS, B ok I 32 2 e A TR R 8 e b
FE AR BV PG 42 A Ml BT T AR 24 4.54%10° km?, 2
2 AR X E A BE Y 7.39%:; W4 T Rl R B T Ll v
I IR M, W 4 T AR 24 202.62 km?, 247 1 Y i 3 AR 8
T ALY 0.03%. 1 2061—2070 4= AEMCR, S ai—)
WIAR LG, ERR W TE 23 A B AR R 7 sk a3, sk i AR
245 7.19%10* km?, (5 2041—2050 4F B 3 35 25 X 1 AR A

11.71%.

TR FLRR 14 A 2R VS AE 38 B 40 A X R S 5K
e, HAE I I3 b XAF 7R JR) AU 4 (] 5) . 7E 2041—
2050 4F I 49, 9 78 3 B A0 A DX AR 5K 32k AR TR
WS BT hr e A Hig e 74, ¥k m gy
1.04x10° km?, A Fb Y Hi AR G K 7.53%, m AR 4
X 35 = A T WA IR R S5 1, WA T AR 2 2 938 k.
TE 2061—2070 4FI ], AH LE T 2041—2050 4 1f 1, K
P 1 JBR P 8 A 3 R 4 AT R R R Tk A, S 3 T AR
24 3.93x10* km?, i 2041—2050 4F it 3] 3 A X 1 A2 Y



3 1

60° 80° 100°  120°  140° 60° 80° 100°

b KR

40°
30°

20°

R R AN 4% . T MaxEnt £ A0 AT 1) 27 A3 JoR AL 4 18 AE o0 A 5% 383
120°  140°  60° 80°  100° 120°  140°
c DAL 150°
1400
{30°
{20°

80° 100° 120° 80° 100°

120° 80° 100° 120°

Bl =X [ ]duEeEx mEEX [ ]dsEkR
B4 HAIRBEREATEZHMI TEMEREBEEEEY S HRE

80° 100° 80° 100° 80° 100° 80° 100° N
al - EEX | a2 73k | a3 - X )\
COHEAEX /= A% & A X 3 5

40° ® B GE AR X

30°

B ST X

40°

30°

40°

30°

20°

1 40°

100° 120° 100° 120°
a. FM; b.

100° 120° 100° 120°

KIFARK; ¢ BPATLRE; al. bl cl. 3 B4 MIAE 2041—2050 S FIE A X 045 a2+ b2+ c2. 3 A 4

TE 20412050 A AH L F 17 — B A28 4k s a3+ b3+ ¢3. 3 Bl 5 I AE 20612070 4E A5G AE X 43 A s ad. b4y c4. 3 PPHEYITE
2061—2070 4 AH bt F 11 — B 3 1) A8 4k

5 TREINBAZHMI M IHEEXZEELED

2.85%, W4 1 AL 2 9219 km?, 5 H 0.67%. i A= X
1R LA BT, AR A DX R LG A BT R
I 7 3 AN A DXCBRTE 2 A4S I AR — B

TR B A L1 RR 43 A X R TR 4 T . AE 2041—
2050 A I 491, W A IS AR DX 4 TN AR 2 2.06%10° km?,
i A X R 9.90%, 4538 A X HE b, ik
g X8 E AL T g L L AR A R . 2061—2070 4 i
199, VAR oA DR A L, Sk T AR 2y 2.85%
10* knr’, (5 2041—2050 43 A= X I AR Y 1.37%, §7 9k
DO F= A T AL ar . R AR X, W 4 X Ja T AR 2y
3.67x10* km?, /5 H 1.37%, #5386 A= X 1 BUAE Ak AN 5
A= DX E A RIS, PO AR X E R 5.59% i &=
5.81%, &A= X 5 Fo i 13.13% 30 2 14.67% (14 5).
25 ESNEBEMIHFLER K3DRTH
AR 3 44 Fh 22 8] B4 A 2540 1 8 5 R b B A EE

B, 3/WFhE] BRSO PR B E A A A
(i B E (D=0.465 8), B A ZLFR AT BR KM FURZ
lia) A 254 o 7 B 44 <<0.3. 1A, B FURR AN R I R,
AR ) B 3 A R R B AAIR.

R3 THAMIMEVHOESUMBESFTEERE
AN ER DAL 1)

I T A G ) O TR AR
FURR 1 0.465 8 0.2523
R E bR 0.298 8 1 0.189 5
VRN 0.0057  0.0009 1

PR AE 24 B A% S5 44 T 10 43 A3 bt 6 397 i 2
F R E A DOk B TG v B PR AR B R i 4K
690 m, AL FRAL 4 43°08", A £k 85°17'. 2041—2050 4F
(9 43 A v A T s S 5l YA N AR B



384 SIS VRN = = QSRS 9]

559 4%

P s B AL, WK 2 585 m, 252 68.6 km. 2061—
2070 443 A H U7 5 3 PN R B L X B AR

40°

39°

87°

88°

B4, IR 3558 m, B35 62.5 km([&] 6-a). MIKKE,
PR 43 A HF U [0 15 V5 4 s DX RN 25 B9 7 1) 7% 5.

N
38° A

37° b

36°

114° 115° 116°

El6 TREIRHAZHA3MEMERESHPOEN

TR RR B9 24 R 2 A H O L R 8 4R R IR
DXL S5 52ty VA A I8 B B A WAL, V4K 24 415 m,
A HR AL 4 39°167 . 4K £ 86°49 . 1E 2041—2050 4F
SRS, oA O R ) B A 96 B R AT AR P v
AUHR, WK 805 m, Y RTSMGEARN A A 02 154.2 km.
2061—2070 4 A AL 40 A 0 4K 810 my, Ak AR
JAb£h 39037 R4 88°16, M HL T 2041—2050 4E7<.
g 2R, A3 A6 TR A8 8 22.3 k(] 6-b). KRR
A3 R T T AR R R 1) R VAR L X RS Bk A, KO
T 8 WU ) R G Ty 1) B By

X A 1 RR 3 A H O AE KRR BE 1) AR b T ) iR A
BB R RS T TR YR AR, oA
st b A ISR T AR & X8 £ B R P V5 R AT, 1
P 50 m, AFRALZL 36°34", R 114°49'. £ 2041—2050
AR, S A P T AL A TR A T T 4 £ 5
FEAT, 4K 29 m, FE S Hi 4347 029 108.6 km. 2061—
2070 AE I, A RO AL T AL A R R T AT
¥ & PR AL, 4k 33 m, S0 A6 0 R 5 25.7 km
(K 6-c).

3 g

F1 IR 1) b B A 37 F T 2 R OK B L BRK i R
PEAR AL IR AE N R (3R 2), X 571 458
AR . F5c 0 2 B o Kt S 56 W) F R 4 A 1) e T 22 TN
R, RIRE KSR AR K BB, 5 2R PR
it 3.88~78.79 mm, % [ /K S A4 2 B 1 RR I8 B A K AE
BNT R IEE . P A Y s R, AR
SR ) T S P R R P AR T, AR B A L 20 R S T
B SARCE R B HIRIETE M X R TR
] PG b Py i b X, 3k 2 XS R 4 - g e Ak R R AR
[ R S s N it A A T RN 5 TR &g A RS
J FURRSE 20 AL FI AR, 1T DL i b e 2 Ak i 34, g
R 5 A A5 3R 5%

KRR IE A B E 2 B 2 H ¥ME | &
A 0 B e B W R B K A L B 1) TR )2 (0~
30 cm) BB F i T 52 (] 3) . R I P RR 11 3K Fif
A AR DX RRAE 5 AR SRR M B D) A G 15 T R 4R
R LR A AR R SE K, 3 BERS 22, ) FH L R Gk (1 AR
FR)IZWMOK 4y, Al HGE BT R IR AN, R
FIRR EL AT 6 A A 4 RS AR R P R T s B TR A
JfL, R E AR A3 B e R B MOOK 4 B BRI
BRI 25 R TG R, R TR AR 4 U BE R LAk
ARERTHFEY. AR R, Kok R — e R
2 4T KA AR 2 B A 1, DR L RR AR B L 7 A
AR XN R B AE T G b RN VDL i 1, G ]
e 5 4 KA A B U R AR E G
SR AR M AR 3] 43 R R I L RRGE AR DX, 7 2 i DX A
KR B T 23 2 ol 7= 25, 12 1F 42
K.

5 AT 21 B B A A A W SR | A TR Ak L
L REK R AR AR K HR T R X [
WEE 2 B, W EE L 7K A3 | VR R R W B A LR 43 A 1
FEAR A N R, B A L1 RRIE I AE T, e R
e AT R T R AR T A AR R R A 3 T
AL, AL ARG PR B 2R R85 R T oY, g
e AE b B R AT AR K, R AE 10~25 °C B I
5 SRR OGP, B AT LR 7 T AR, vEdE . 4k
A 0B ] i d0 S A DX, (L H S B AR T R S A 3]
it A 2567 DL A g X g O 337350, A A0 T G 3 A X i AR
i35 2.08%10° km?, 2 7 78 & [ 4 AR 1Y 21.67%. %4
1M, BT A0 S 52, 52 BR i A XA RE /) F 4
ghR.

Bl AR A AS Wz, i A2 ) P A AT S L B8 B o
O AE N ARk, SR T8 SR GE B A IREE, WA T
) A v 1 v VAR B B b XU, i 5 — R4 4 R e
T B 09 Az BRRAE S 8050 A e R S TR AR



53 1

PRI AN 25 - BT MaxEnt D5 A4S B 1) 25 A1 RIS AR 1 88 70 0 A T 52 385

B BEE SRS E . Yy AR EAE T, 0 o3 A
2 1) V4 0 5 YU 1T i 26 B8 00 e ¥ 940 ) 3 Jo I
WG IR (I 20 JEE FAR I 40 W 4 BT V8 Wy bl i
o I AT PR B AR A R T AN W7 A £ e B
{ELYy o ) 3 17 B 0 AT AT B B, 3 T L 22 ik B i 52
A BIR % 4 b ok i, HC 3 W B ) AN n] RE P I HIF 5T
Wy b oy A i Gl BT H R, Y ISR 0 A XA B
R 25 il AR T 4R XA P A AR I ) b, i R W4 b
R RE T8 73 20 HE AR 25 A LA I A PR 058 2% 1, Wi
W) o iT 8 IE AE A 18] Jm) #8 K 4 4. AR HF 5T R 1 RCP4.5
HEHCR 5T 09 R A B AT P, 25 AR R, H
BRI DR I 1 JRR 49 A1 e i e 5 B R T A IX RS
2y, 11 %2 A3 2L R B 0 A1 v ) B R RS Bl 2 A 21 X
ol oy A pC A2 Bl e TR A AR B0, S04 5 H
B A L A G, B A LR e A X2 A T I
DX, A A 2 AN AN VP T o T i A L
2 BA o [ AR U T L X i DT SR AT, TSI RLYTOR,
X — FR I G AR AT R BE-S 2 A 21 R A R K [ b
LR, BEAL, FRRAIR M BRI AR DX T RO AR, X %
B B 52 /N ) A A8 Al 2 LA BURE ) B0 )R 8 K 4
LSBT (4 2 A 21 R AR -t T 05 e G X o 4
SERAR AR DU A RE ARG, I HL Bl Bk HE R 38 itk —
A, B 22 B b ] RE 2 DR LA PR ) 07 A 2
T T i 2K 248 XL

AW TEAN G 18T A A TN IR I3 (K1 X 49 b 73
A5 B 5 R, oK 25 TE ) Rl 18] AH LA T AN 2 3 3 /Y 52
Wi PR SRy 4 B S 3 A o O AT RE B R E BT AT [ R
F189 52 10, ) b 73 A 5 R A AL 48 SRS Oy BRLAELIR 25 114 7
TR AT IS, oA, i T A SR i PR 3, ot
FFHAZ AL AN 2l S5 0E LASRAS, PRI o] b 5 26 ]
RANAMERL, P — 0 P A R AUL 45 58 (0 i,
T AR B o A AL LT 5 75 ZEAR DT 7 16

4 50

AW 5% FIF ENMTools i fb. MaxEnt £ 8 244, Tii
W7 %A RS 3 AW b A 24 Ji SRR AU AR T Y
TETEIE A DX, 404 1 52 e AT 40 A i R 1
G A e, EELS T

1) Bl 22 B K B L Bk i = AR Ak L gk =
S20A 1 RR oA 1Y S IR B R 25 H e
A0y B IR R L BN R B R OK & L B AR R
(0~30 cm) 04 75 d2 2 52 M K 1 RR A1 119 = S R B
5 WK . AF RS A B L A i 2R R K L R OK
1 2T AR AL RS W P A 2D RR A3 A B R IR

2)ARRAE R, R KR A o A

[i) i £ | e T A X R i 45 280 A 2R 0 A1 HP L
W) iy AL FR 5 B, AR AR I A W

3) FURR . KM R A1 £ R 4 785 1 165 A DR A
AR GRS Y 5K, 730 4 rh e 3 1 PG AL HE A48 5 P
LI ROE AR W S U VPSS TR AT
T T R BT A M DXL T g b AR X

EARZIER RS 5 R R AL e RS T, R AU A
BN B A 7 Al 2l I 5 TS 52 A AR ) ) AR A
W DR HE B A 4 BRI W o A A B A ) 2 R
P A H 2

5 &Mk

(1] ERpe b EE Y SR 2. P EEYE: 634
M]. Jbst: B AL, 1977
(2] IREHEFY, TRIGL, R, P AR TERE S BURDIE()). 4225 T
W 5HEA, 2021, 50(1): 16
(3] 3R, WS 53 . O g 2 A R B PRAR DL (0], AR K FE WS,
2015,5(6): 61
(41 Mo, KRTTAR, B, 5. SURARAT 2 A RV e 2
S XHEI]. 2424, 2017, 42(6): 1119
[5] ALLAN R P, HAWKINS E, BELLELLOUIN N, et al.
IPCC, 2021: summary for policymakers|[M]. Cambridge
County, UK: Cambridge University Press, 2021
[6] CHENIC,HILL J K, OHLEMULLER R, et al. Rapid range
shifts of species associated with high levels of climate
warming[J]. Science, 2011, 333(6045): 1024
[7] POLOCZANSKA E S, BROWN C J, SYDEMAN W 1], et
al. Global imprint of climate change on marine life[J].
Nature Climate Change, 2013, 3(10): 919
[8] ZHANGK L, YAOLJ, MENG J S, et al. MaxEnt modeling
for predicting the potential geographical distribution of two
peony species under climate change[J]. Science of the Total
Environment, 2018, 634: 1326
[9] COBOS M E, PETERSON A T, BARVE N, et al. Kuenm:
an R package for detailed development of ecological niche
models using MaxEnt[J]. Peer]J, 2019, 7: 6281
[10] PEARSON R G, RAXWORTHY C J, NAKAMURA M,
et al. Predicting species distributions from small numbers
of occurrence records: a test case using cryptic geckos in
Madagascar[J]. Journal of Biogeography, 2006, 34(1): 102
[11] ZHU G P, PETERSEN M J, BU W J. Selecting biological
meaningful environmental dimensions of low discrepancy
among ranges to predict potential distribution of bean
plataspid invasion[J]. PLoS One, 2012, 7(9): 46247
(121 FEFEUE. BT b Je A b 28 A DR Mt - 398 5 e /K- B ™ it
At BRFIERIEFE[D]. P T iR, 2021
[13] SAUPE E E, BARVE V, MYERS C E, et al. Variation in
niche and distribution model performance: the need for a

priori assessment of key causal factors[J]. Ecological


https://doi.org/10.3969/j.issn.2095-0101.2021.01.007
https://doi.org/10.3969/j.issn.2095-0101.2021.01.007
https://doi.org/10.19383/j.cnki.nyzhyj.2015.06.023
https://doi.org/10.19540/j.cnki.cjcmm.2017.0033
https://doi.org/10.1126/science.1206432
https://doi.org/10.1038/nclimate1958
https://doi.org/10.1016/j.scitotenv.2018.04.112
https://doi.org/10.1016/j.scitotenv.2018.04.112
https://doi.org/10.7717/peerj.6281
https://doi.org/10.1111/j.1365-2699.2006.01594.x
https://doi.org/10.1371/journal.pone.0046247
https://doi.org/10.1016/j.ecolmodel.2012.04.001

386

SISV RN = = QSRS R3]

5559 %

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Modelling, 2012, 237/238: 11

KONG F, TANG L, HE H, et al. Assessing the impact of
climate change on the distribution of Osmanthus fragrans
using MaxEnt[J].
Research, 2021, 28(26): 34655

ZHAO G H, CUI X Y, SUN J J, et al. Analysis of the

distribution pattern of Chinese Ziziphus jujuba under

Environmental Science and Pollution

climate change based on optimized biomod2 and MaxEnt
models[J]. Ecological Indicators, 2021, 132: 108256
PHILLIPS S J, ANDERSON R P, DUDIK M, et al.
Opening the black box:
MaxEnt[J]. Ecography, 2017, 40(7): 887

PHILLIPS S J, ANDERSON R P, SCHAPIRE R E.
Maximum entropy modeling of species geographic
distributions[J]. Ecological Modelling, 2006, 190(3/4):
231

YANG J T, HUANG Y, JIANG X, et al. Potential
geographical distribution of the edangred plant Isoefes

an open-source release of

under human activities using MaxEnt and GARP[J].
Global Ecology and Conservation, 2022, 38: 02186

X, Bk e, HHH, 55, R [A) Uil 5 T ARRUETE
B3 A A% Sy A2 A B B (0] 8 AR A e 4R, 2020,
31(12): 4073

BROWN J L, BENNETT J R, FRENCH C M.
SDMtoolbox 2.0: the next generation Python-based GIS
toolkit for landscape genetic, biogeographic and species
distribution model analyses[J]. PeerJ, 2017, 5: e4095
WARREN D L, GLOR R E, TURELLI M. ENMTools: a
toolbox for comparative studies of environmental niche
models[J]. Ecography, 2010, 35: 607

Wi, N, FKIE, 4. LT MaxEntt R A 3 A1
R[], A= 257741, 2020, 40(22): 8287

Vit HTERHL X B AT R (Poacynum hendersonii) WA= 25
WENPERFIEDTFE[D]. b5t PEFREREOTTERE, 2011
NI . AN [FPREE A T 2 A R RROG S R 5T
[D]. AT B, 2011

VAR, £, EREE. KT Wha X B 16 4 i B3 W 1)
BRSO GR P B PE RS20 (7], ROk, 2005, 22(3):
18

L, LK, OREEE, 55, A ARER A7 A R 2 4y v R
it 3% W S8 3 R W) R R (D). AR AR AR AR, 2009,
28(8): 1531

AR, BBz, REGS, 55, B AR B R T8
R RA AR, L0720, 2014(12): 128
RPN, 5%, 2539F, 4. PEGHILILT 5 kit X 25 A iR Ah
T R P AR PR A S [T, b R 2, 2015,
37(5): 75

THER HH W, B, 4 3 e X5 2 A0 RAE R
B I]. RS SAR, 2010, 21(2): 325
BBAR, AR 22, SRR B AT RR A KO B AR

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

L. DA RAN R 2 S IR R OC R[], o [ B A A A oF
U5, 1998,17(3): 35

SRR, BRI, M K2R, S B RRAE RO B LA R
e . 2 A JRR 2 A0 AR A AR D). vl [ BB 2 A O
1998, 17(3):37

XU He, 5Kk TUH, M IEAR, 55, FRE P AR il X 2 A1 216k
GHRBEIRDLRIT 9]+ [ B A=A B, 2000, 28(3):
9

WALDEN-SCHREINER C, LEUNG Y F, KUHN T, et al.
Environmental and managerial factors associated with pack
stock distribution in high elevation meadows: case study
from Yosemite National Park[J]. Journal of Environmental
Management, 2017, 193: 52

WAN G Z, WANG L, JIN L, et al. Evaluation of
environmental factors affecting the quality of Codonopsis
pilosula based on chromatographic fingerprint and MaxEnt
model[J]. Industrial Crops and Products, 2021, 170:
113783

HEBBAR K B, ABHIN P S, SANJO JOSE V, et al.
Predicting the potential suitable climate for coconut (Cocos
nucifera L. ) cultivation in India under climate change
scenarios using the MaxEnt model[J]. Plants (Basel,
Switzerland), 2022, 11(6): 731

LENOIR J, SVENNING J C. Climate-related range shifts:
a global multidimensional synthesis and new research
directions[J]. Ecography, 2015, 38(1): 15

LENOIR J, GEGOUT J C, GUISAN A, et al. Going
against the flow: potential mechanisms for unexpected
downslope shifts
Ecography, 2010: 295
VALLADARES F, MATESANZ S, GUILHAUMON F, et
al. The effects of phenotypic plasticity and local adaptation

range in a warming climate[J].

on forecasts of species range shifts under climate
change[J]. Ecology Letters, 2014, 17(11): 1351
WILLIAMS S E, SHOO L P, ISAAC J L, et al. Towards
an integrated framework for assessing the vulnerability of
species to climate change[J]. PLoS Biology, 2008, 6(12):
2621

ARAUGIO M B, FERRI-YanEZ F, BOZINOVIC F, et al.
Heat freezes niche evolution[J]. Ecology Letters, 2013,
16(9): 1206

WIENS J J. Climate-related local extinctions are already
widespread among plant and animal species[J]. PLoS
Biology, 2016, 14(12): €2001104

CHAKRABORTY A, JOSHI P K, SACHDEVA K.
Predicting distribution of major forest tree species to
potential impacts of climate change in the central
Himalayan region[J].

593

Ecological Engineering, 2016, 97:


https://doi.org/10.1016/j.ecolmodel.2012.04.001
https://doi.org/10.1007/s11356-021-13121-3
https://doi.org/10.1007/s11356-021-13121-3
https://doi.org/10.1016/j.ecolind.2021.108256
https://doi.org/10.1111/ecog.03049
https://doi.org/10.1016/j.gecco.2022.e02186
https://doi.org/10.13287/j.1001-9332.202012.012
https://doi.org/10.7717/peerj.4095
https://doi.org/10.3969/j.issn.1001-0629.2005.03.007
https://doi.org/10.3969/j.issn.1673-5021.2015.05.013
https://doi.org/10.13287/j.1001-9332.2010.0018
https://doi.org/10.3969/j.issn.1006-9690.2009.03.003
https://doi.org/10.1016/j.indcrop.2021.113783
https://doi.org/10.1111/ecog.00967
https://doi.org/10.1111/ele.12348
https://doi.org/10.1111/ele.12155
https://doi.org/10.1371/journal.pbio.2001104
https://doi.org/10.1371/journal.pbio.2001104
https://doi.org/10.1016/j.ecoleng.2016.10.006

553 4 PRI AN 25 - 56T MaxEnt D5 A4S B 1) 25 A1 RIS AR 1 88 70 7 A T 52 387

Potential distribution of Apocynum based on MaxEnt
optimization model

CHEN Siru”  ZHANG Renxiang” ZHANG Xuezhi¥ ZHAO Wenhui” RONG Yuping"

DENG Bo” WANG Li** LIU Qitang** LIU Leizhen"
( 1)College of Grassland Science and Technology, China Agricultural University, 100083, Beijing, China;

2)Shanxi Province Agriculture Ecological Protection Yu Resources Regionalization Center, 030001, Taiyuan, Shanxi, China;
3)Altay Gaubau Tea Co, Ltd, 836509, Altay, Xinjiang, China;
4)Xinjiang Engineering Technology Research Center for Apocynum venetum, 845100, Altay, Xinjiang, China) )

Abstract The Apocynum species, a valuable economic crop known for its robust resistance and high tolerance,
was analyzed in this study. The maximum entropy model (MaxEnt) optimized by ENM Tools was used to simulate
three Apocynum species: Apocynum pictum (Sohnenk.) Baill, Apocynum hendersonii (Hook. f.) Woodson and
Apocynum venetum L. Simulation was conducted under current climate conditions and two future time periods (2041-
2050 and 2061-2070) by RCP4.5 discharge model. Main environmental factors affecting distribution of each species
were analyzed, impact of climate change on their distribution was examined. Geographical distribution of these
species was found influenced by different dominant environmental factors. The dominant environmental factors
affecting distribution of A. pictum were: wettest quarterly precipitation, seasonal variation in precipitation, and
altitude. The main environmental factors affecting distribution of A. hendersonii included monthly mean diurnal
temperature difference, maximum temperature in the hottest month, wettest quarterly precipitation, slope orientation,
and surface (0-30 cm) sand content. Altitude, annual temperature range, wettest quarterly precipitation, and seasonal
variation in precipitation were the key factors influencing 4. vemetum distribution. The habitats of these species
showed clear differences in distribution. Some ecological niche was found to overlap between A. pictum and A.
hendersonii, while A. venetum had less ecological niche overlap with the other 2 species. Distribution centers of A.
pictum and A. hendersonii were predicted for the future to shift to higher latitudes and altitudes, with 4. venetum
distribution center shifting northwards. These data provide theoretical guidance for cultivation and conservation of
Apocynum, and serve as reference to understand effects of climate change on species distribution.

Keywords Apocynum; MaxEnt; potential distribution pattern; ecological suitability; ENMTools
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