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Abstract . It is of great theoretical and practical importance to study the distribution patterns and changes of species suitable
geographical distribution areas under the background of climate change for the protection of species and the sustainable use
of resources. In this study, 381 effective distribution sites of Bupleurum chinense and Bupleurum scorzonerifolium in China
(excluding duplicate, invalid and cultivated distribution sites) and 36 environmental factors ( terrain, soil and climate
data) were selected. Baesd on the data mentioned above, the spatial distribution patterns of the suitable geographical

distribution areas, B. chinense and B. scorzonerifolium, were simulated by the maximum entropy ( MaxEnt) model under

BEEWA . FHE P EE MRS E 25305 A0 B (GZY-KJS-2018-004) 5 4 [F 45 DU vk rh 25 % Y5 34 BBy V1.4 5 ( 2018hljzyzype- 12) 3 BApITA
F SR B2 %645 (€2018038)

Wr#s B H#A:2021-08-24; [ £& tH AR B #A : 2022-06- 15

# JIAMEH Corresponding author. E-mail ; alanzhangxinxin@ 163.com

http ://www.ecologica.cn



8472 A E = 2%

current climate and two climate scenarios ( RCP4.5 and RCP8.5) for the future (2050 and 2070 ), respectively.
Meanwhile, the dominant environmental factors that restrict the distribution of these two species suitable geographical
distribution areas were analyzed. The results show that (1) Precipitation of wettest period (Biol3) was the most important
environmental factor affecting the suitable geographical distribution areas of B. chinense, followed by mean temperature of
driest quarter (Bio09) , and altitude ( Elevation). In the same way, precipitation of wettest period (Biol3) , temperature
seasonality ( Bio0O4 ), and altitude ( Elevation) are the dominant environmental factors that affect the distribution of
B. scorzonerifolium suitable geographical distribution areas. (2) Under the current climate conditions, the total area of
suitable geographical distribution areas for B. chinense is 1.4755%10°km’, which is account for about 15.37% of the total
land area of China. And the middle and high suitable geographical distribution areas are mainly distributed in southern
Shaanxi, eastern Shanxi, southeastern Gansu, central Shandong, central and western Hebei, etc. At the same time, the
total area of suitable geographical distribution areas for B. scorzonerifolium is 1.8034x10°km’ , accounting for approximately
18.78% of the total land area of China, of which the middle and high suitable geographical distribution areas are mainly
distributed in western and eastern Heilongjiang, central and northeastern Inner Mongolia, northern Hebei and central
Shaanxi, etc. (3) Under the background of future climate change, the total suitable geographical distribution area of two
species of Bupleurum both shows an increasing trend. In term of the migration study of suitable geographical distribution
geometric center, the suitable geographical distribution geometric center of B. chinense will step by step move to the high
latitude area in the northeast, while the suitable geographical distribution geometric center of B. scorzonerifolium will

gradually migrate to the high altitude areas in the west.

Key Words: Bupleurum chinense; Bupleurum scorzonerifolium; climate change; MaxEnt model; environmental factors;

distribution pattern of suitable areas
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856 RCP4.5 Al RCP8.5 W Fh — S0 fh ke S R0 e JiF i 422 JL b I 4 Fh AR OR RS el & 7 X, 400 o0
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AR AEAL AR R L7, o A KA T B0 ST A WA T3 SRR T A R R R A i 5 T PR S0 A X
S A R A 5K B 0 ] SDMitoolbox2.4 T3 A= X 434 0 Bl S AR AL 3B B 1 10 >0

®1 HERRERTF

Table 1 Environmental factors after selected

YIF Species

eyl [ AR A

Type Code Variable description 5 f’fiﬁim 5 sﬁ:ﬁ;ﬂ .
KA Climate Bio02 BRI 2E A Y vV
Bio03 IR IR A2 LAl Vv Vv
Bio04 VGLJ3E 7 P AR AL b o 22 Vv Vv
Bio09 BT 2 PR B Vv —
Biol0 IR 2 - Y — Vv
Biol3 Tl A ek Vv Vv
Biold BT A Bk Vv —
Biol5 WK B 28 5 R Vv —
Biol9 ey F Rk B — Vv
- Soil T_BS R A R Vv vV
T_Gravel FERAERTE — \
T_CACO3 R R R R K — %
T_CEC_Clay LR R R 0 S — vV
T_USDA_TEX _EJZ USDA e s Y vV
MBI Terrain Elevation R Vv V
2 R

2.1 FRALE RS RS

FET 260 NS 121 APt S M A B RS 5 45 A T IRREE 1 48 MaxEnt3.4.4 5 10 R T
UL AUC fEZ 5128 0.931 5 0.932( 3 2) , IR BIEF /KT, 4 Bl oA R A 5 B0 25 5 1 S 3491 25
AUC {HH7E 0.9 DAL, B MaxEnt #7832 525 B ELAG R & ARG B R AT {5

F2 LUEMRFIAMKEFETHZNE TESTERLTEMR(AUC)

Table 2  Area under the receiver operating characteristic curve (AUC) under current climate and four future scenarios

WFh EA SN Yk AUC FrifE
Species Years Climatic scenario Training AUC Standard deviation

Lt B - 0.931 0.006

B. chinense 2050 RCP4.5 0.932 0.007

RCP8.5 0.933 0.005

2070 RCP4.5 0.929 0.004

RCP8.5 0.929 0.003

Bent-LEEA ) - 0.932 0.006

B. scorzonerifolium 2050 RCP4.5 0.929 0.009

RCP8.5 0.929 0.009

2070 RCP4.5 0.934 0.008

RCP8.5 0.933 0.007

2.2 RWHLE AR SR R IR T
Jackknife M 1 36 PRIE PR 1R T 45 R B STk R, X S P0 b o A S st R R Y 5 N EREE A
T (RBTTIRAS80% ) W4 3 i, Ho, sl A Oy Bk i (32.4% ) % S8 #7345 SRR A B K, e T 2R -1
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PIRE (20.5% ) K (18.7% ) IR 2, FE WX — AN IR 858 R 7% S 1 B 43 A 4% ey 32 S 5 X6 e it S b 21
SIS R 3 AR P = AN REE 2000 « 5l 7 Iy B /K i (26.8% ), il B 2215 PEAR AU ARIE 22 (24.9% ) 1}
W (17.6%) , —RAN , BAFAEMER KT 0.5 BF, X6 R7 A9 R 52 N FEUEE B R i AR K iR G = S8R
T o7 2k (B 1) 35 B AR A 0 S T A B K R S R R 99.41—213.36mm, fie T 28 B 7 35 3 1) 11
F-8.91—4.78°C , M IYTE [l 105.00—2500.57m ; 38 ‘B Bk I 4 60 A 77 1) Je 42 H 1y B 7K &= 17 Rl oA 75.95—
189.17mm ; it B 2= 5 P AR AR IE 22 (UFE Ry 1137.14—1731.32; 14K UL 100.00—1659.40m

£3 ZMAMEAEERSGREHEEFRERETF

Table 3 Main environmental factors affecting the distribution pattern of two kinds of Bupleurum suitable areas

YrFh 1] A B TR HEE XA

Species Code Variable description Contribution/ % Suitable range

L) Biol3 IR 3 Rk 32.4 99.41—213.36mm

B. chinense Bio09 T &R 20.5 -8.91—4.78C
Elevation R 18.7 105.00—2500.57m
Bio03 R 25 5 A L 25 LU (B 7.6 21.19—31.50
Bio02 BRI H B 6.1 7.53—12.93

Bent-Lei Biol3 A Rk 26.8 75.95—189.17mm

B. scorzonerifolium Bio04 TLRE T AR A AR o 22 24.9 1137.14—1731.32
Elevation 7 17.6 100.00—1659.40m
Bio03 IR 2E S AR 2 L (E 6.1 17.17—28.41
T_USDA_TEX _FJZ USDA 32D 4.7 2.4.5.7.9.10.11

(1) )2 USDA H3EFi /28 1.3+ () ;2. M G+ 3.8 4 4. D i 4 5. 3 4 6. U0 7. 0 b i 1, 8. 00 1+ 5 9. 3 £ 5 10. WP L 3 1
ds 11w 12 13 b R T

2.3 Y[R Se AR ST A XA AR SR

FEMRTAMESRAF T, Sl aE A X 32 B 7 3R ) rp 0 A R R X, SR oA (R 2) , BT R K
147.55x10"km* , 2 5 T [ E 10 R 15.37%, = AREE AR KA 5208 34.96x10%km? ,34.09% 10 km?
F178.50x10km* (& 4) o o BEIE AR X 2 A 7E B VE m 0 L LU PE AR H R AR B | L AR A ar A b g
SR N T AR I DX e S A X2 o0 A TR E LT L X (1B 2) , BTk 180.34x 10 km? , £
T E A 18.78% , 1R, AKGE A= X 1 AL B 240 R 35.39 %10 km? L 69.67 x 10* km® Fl 75.28 x 10* km?
(F4), T @G X EE AR IETIVE AR 52t R R AR I b AL B vy 3 45 3k [ o
TR X AR N 4 S A S ) b B AR — 2, A R AR A O 2 SRR R . Y
T, SEH FBe it S e B 3 2R DT AR RN 3 N 24 o8 1 - T AR 7.16% F1 10.90% , H AT UL | 5 A S 0 35 A
FEAREE A NIEE LN
2.4 RSN ST S B i S E A X sh S ARk
2.4.1  BEATE A XA AS SR AR AL

2050 AFEPHFP T S (RCP4.5 Fl RCP8.5) &, S8 HH 18 Az IX SR 2 IR Bt 3, R RE TR AL 31298 4.11 %
10*km? F1 0.83x10*km? , 4% 15 24 i 1 AF XA AR 2.79% F1 0.56% (3% 4) . 425908 A X i FRUAE AL 2 BN . B
o B HE A B (R R0 R A A DX AR S B S S B I R B #E RCP8.S 1% 5t N L R I T 3.88 %
10" km? ; 77 B2 38 A= DX TR DNIARF 238 0, 184 0 S5 20 S bR 5 T PR 305 A DX R L 0 S 0 0 1) e A 40 0 G R
WK (3R 4) o Sl A X kB A b DX A N 52 AR ER R ZR G AR R VPG AL AR 5 ARG L ES Tk v L
B PG, 3T AR EE K B PO H R AR A DR 3 A X U A A A R A X R B T R
[N N b S & 7 RN B (O LD I 7 O o | o R e [ 35 B U NI N R < L I [ A
G EBEHCR AR (E 3)

2070 PR IE 5 (RCP4.5 Fl RCP8.5) &, S8 1HH 1 A= X S A 52 BBG < R 34 38 fin i AR50 3 2928 1.21 %
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Fig.1 Response curve of dominant environmental factors

10*km? 1 45.07x10*km? , 4351 15 24 FiF 3 A= KRR 0.829% F1 30.55% (£ 4) o 4S5 9058 A= X i FRAE (b e 30
Sk < Bt IOV B2 () 3 o, v RS A DX T R 2 B et D 5 S i a3, #E RCP8.S M3 T FL Y RHE N T 21.22
x10*km® 5 HPEERE A DX AR S AR RE R A DX T B DR, B8 TR S ik (36 4) . 2070 4RS8035 A X 19 ik
G 2050 AR5 AR, 225076 T . 7E RCP8.5 &5 T, 2070 AE48 i A X i A7 2 e v vE L SR A AR
0 B A AR AR 5K S T A I VL VS A S DX A DX TR ) A s A S s (1R 3)
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R4 TRSEBESETAMEARTEREERSHTERREEN
Table 4 Distribution and changes of two species of Bupleurum suitable areas under different climate scenarios
T Area/ ( x10* km?)

A + X 5 5 . .
i HEh UK EEAK  SERK IR e
Species Years scenarios Highly Moderately Lowly suitable Total Total
suitablearea suitablearea area area change
e B ) - 34.96 34.09 78.50 147.55 -
B. chinense 2050 RCP4.5 29.82 35.54 78.08 143.44 -4.11
RCP8.5 38.84 41.61 66.27 146.72 -0.83
2070 RCP4.5 30.52 37.71 80.53 148.76 1.21
RCP8.5 56.18 51.91 84.53 192.62 45.07
Pt L YT - 35.39 69.67 75.28 180.34 -
B. scorzonerifolium 2050 RCP4.5 67.47 74.42 65.84 207.73 27.39
RCP8.5 74.41 78.62 62.86 215.89 35.55
2070 RCP4.5 48.61 72.04 71.17 191.82 11.48
RCP8.5 88.35 70.70 60.06 219.11 38.77

RCP4.5-2050 .
lh

0 1500 km
 — |

3 TRSBBRETHRAEERSHEBHNEL

Fig.3 Spatial shifts for B.chinense under different climatic scenarios

SV SRR 2050 A AR XA AR AR AL TR AR EIRES ) 1 2070 4R35 A= DX AR S 25 3 in , ZERCPS.S
5 5T AR Ak s A W i, 2 W SR X v Wk FE e HE R s T O BBURR . 5 M AT A SR AR L, RO AR S R S
3G A X A% R R B < b 5 B 1 AR Ak A, IR B A T 2 500 R i), < A6 Rt i
2.4.2  BRM-SEIIE R XA A% R AR AL

2050 AEPFP MRS 5t (RCP4.5 Fil RCP8.5) T, B i S 3 Az XS A 522 B 18 ik 4, 14 fin g AR 40 53 249 A
27.39x10*km* Fl 35.55x 10 km , 2% 15 4 Hi3dE A2 X RTALY 15.19% F1 19.71% (5 4) o 4555 90 4= X VAR L &
B < B2 GO B R 3G, | R R A DX T R S 9 o A B o A TR P 5 T A 3 A DX R S )
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(R 4) o Pert S b A X s B F v i X B e VT PG AL P S TR R g AGE  H R AR L
PEAGHR, T & L PE BRPE 107 AR AR A R AN 38 A DX el A Ry 4R TP I B DX H A AR R s P
A BRAE ML, BRIV VU T S SR R BRI (K 4)

2070 AFE PR EAE 5t (RCP4.5 F1 RCP8.5) T, B i S A i A XS A 22 B3 I i 34 3 hn v AR 43 31 24
11.48%10*km* 1 38.77x10"km? , 7351 5 24 38 A= X ALY 6.37% F121.50% (= 4) . #5F90E 4E X AL 3=
U - Bt e O B2 g 165 0, v e B A DX T AR S A A A R A A DX T AR 0 S B S B
(£ 4), 2070 AERMSEHTE A= X4 SR A 46 00 5 2050 4F (1) 22 5 76 T« Bl i HE Ok B 38 hn , B8 ey b v
-5 T AR e S DX 3 A DT AR ) 4 DR S S A T A R e s A DR SRR (B 4) .

B SE AR AR AT ¢ T 3 AR DX T AR S S I A s B, W] B 7 RCP8.5 1 5 1 il AE IX 15 4 3 il o
K, WG = v BEHE O S US55 Y TR A AR L AR AU 50T e it 52 H 1938 AR IX 4311 4% Jm)
EICPEY 5 RGET AR ARG S U R 0 38 A D) S REBeR 4k,

0" RCP4.5-2050
o

]

1500 km
SeiEE A Il Yk v

4 FESBBEETHRIEREERSHIERHEL

Fig.4 Spatial shift for B. scorzonerifolium under different climatic scenarios
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Fig.5 Centroid position of two species of Bupleurum under different climate change scenarios
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